Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/transactionsof24amer 


i 


TRANSACTIONS 


(. 


OF    TIIK 


AMERICAN    SOCIETY 


U( 


OF 


MECHANICAL    ENGINEERS. 


VOL.    XXI  \ 


XLVIth  Meeting,  New  York,  N.  Y.,   1902. 
XLVIIth  Meeting,  Saratoga,  N.  Y.,  1903. 


NEW  YORK  CITY: 
PUBLISHED     BY     THE     SOCIETY, 

From    the    Library    Building, 

No.  12  West  31ST  Street. 

1903. 


Copyrig^ht,  1903, 
Bv  THE  AMERICAN   SOCIETY   OF   MECHANICAL   ENGINEERS. 


Press  of  J.  J.  Little  &  Co. 
Astor  Place,  New  York. 


OFFICERS 

OK    TIIK 

AMERICAN   SOCIETY   OF   MECHANICAL 

ENGINEERS. 

190-2-1908, 

FORMING    THE   STATUTOKV   COUNCIJ.. 


PRESIDENT. 
James  M.  Dodge Philadelphia,  Pa 

VICE-PRESID  EXrS. 

WiLFHKD  M.  Lewis Philadeiphia,  I^i. 

M.  E.  CooLEY Ann  Arbor.  Mich. 

M.  P.  HiGGiNS Worcester,  Mass 

Terms  expire  at  Annual  Meeting  of  1903. 

F.  II.  Daniels Worcester,  Mass. 

James  Christie Philadelphia,  Pa. 

John  R.  Freeman Providence,  K.  1 . 

Terms  expire  at  Annual  Meeting  of  1904. 

MANAGEIiS. 

W.  F.  M.  Goss Lafayette.  Ind. 

De  Codrcy  May Camden,  N.  J. 

D.  S.  Jacobus Hoboken,  N.  J. 

Terms  expire  at  Annual  Meeting  of  1903. 

R.  S.  Moore San  Francisco,  Cal . 

H.  A.  GiLLis Richmond,  Va. 

Chas.  H.  Cohbett Brooklyn,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1904. 

R.  C.  McKinney New  York.  X.  Y. 

S.  S.  Webber Trenton,  X.  J. 

Newell  Sanders Chattanooga,  Tenn. 

Terms  expire  at  Annual  Meeting  of  1905. 

TREASURER. 
Wm.  H.  Wiley Nos.  43-45  East  19th  St.,  New  York,  N.  Y. 

SECRETARY. 
Prof.  F.  R.  Hutton No.  12  West  31st  St.,  New  York,  N.  Y. 


HONORARY   COUNCILLORS. 

PAST  PRESIDENTS  OF  THE  SOCIETY. 

R.  H.  TnuRSTOxN 1880—1883 Ithaca;  N.  T. 

E.  D.  Leavitt 1883—1883 Cambridge,  Mass. 
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*  Unexpired  term  of  E.  P.  C.  Davie. 


Nori:. 

The  considerable  bulk  of  the  vol  lime  ol  'rnmsactions  has  induced  the  Publi- 
cation Committee  to  direct  the  insertion  of  a  suniinaiy  of  the  Society  member- 
ship in  place  of  the  complete  list  of  members  whicli  was  published  in  tlie  earlier 
volumes.  The  summary  attaching  to  this  issue  is  that  which  a[)pears  in  the 
catalogue  of  the  Society  issued  with  corrections  to  July  1st.  190^3.  Reference  for 
the  complete  list  should  bo  made  to  th(»  twenty-fourth  catalogue  (second  edition). 

The  summarv  is  as  follows  : 


Foreign  Countries. 


Africa 

Australia 

Belgium . . 

Canada 

Central   America 

China 

Cuba 

France 

Germany  .... 

Great  Britain  (England). 
Great  Britain  (Scotland). 


Membership. 
.        10 

4 

3 
.       30 

1 


2 
2 

7 

7 

48 

3 


Holland 

India    

Jamaica,  \V.  I .  . 

Japan    

Mexico 

Norway    

Russia 

South  America. 

Sweden 

Switzerland. .  .  . 


Membership. 


Total  foreign  membership  159 


United  States. 


Alabama 

AlEiska 

Arkansas 

California 

Colorado 

Connecticut 103 


Membership. 

6 

1 

2 
.  29 
.       23 


Delaware 

District  of  Columbia. 

Georgia    

Hawaii 


15 

30 

9 

1 

Illinois 156 

Indiana 30 

Iowa 5 

Kansas 3 

Kentucky 3 

Louisiana 10 

Maine    13 

Maryland 33 

Massachusetts 235 

Michigan 61 

Minnesota 12 

Missouri 37 

Montana     11 


Membership. 

Nebraska 2 

New  Hampshire 15 

New  Jersey 127 

New  Mexico 1 

New  York 736 

>Jorth  Carolina. 
North  Dakota. . 

Ohio 

Oklahoma 

Oregon 


Pennsylvania 354 

Porto  Rico 

Rhode  Island 

South  Carolina   

Tennessee 

Texas 

Utah 

Vermont 


Washington 

Wes-t  Virginia 

Wisconsin , , 

Wyoming 

Total  membership  in  the  United  States 3,411 


1 

49 
3 
3 
6 
3 
10 

Virginia 28 

~  5 

6 

49 

1 


VI  TKlilU'l'OKIAL    JJST, 

Total  foreign  membership 159 

Total  ineml)Rrshi|)  in  United  States 2,411 

Present  address  unknown  * 3 

Total  membership 2,573 

SUMMARY   OF   MEMBERSHIP   BY   GRADES. 

Honorarv  members 18 

Members 1,750 

Associate  members 202 

Junior  members 603 

Total  membership 2,573 

*  Tliose  are  J.  M.  Ewen.  C.  R.  .Johnston  and  J.  W.  Snyder,  and  if  any  member  knows  their 
present  addrc^ises,  he  will  confer  a  favor  by  advising  the  Secretary  of  them. 


RULES  OF   THE   AMERICAN   SOCIETY  OF 
MECHANICAL   ENGINEERS. 


Art.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Art.  3.  The  Society  shall  consist  of  Ilonorarj^  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowledged 
professional  eminence. 

Art.  5.  To  be  elio^ible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so  con- 
nected with  engineering  as  to  be  competent  as  a  designer  or  as  a 
constructor,  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years. 

Note. — The  Rules  of  the  Society,  adopted  in  1880,  were  in  force  until  1884, 
■when  they  received  general  revision  by  a  careful  committee,  whose  report,  dis- 
tributed by  letter  ballot,  was  adopted  November  5,  1884.  In  December,  1894, 
a  similar  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  1893,  and  1898,  which  were  the  only  changes  since  the  revision  of  1884. 


Viii  RULES  OF  THE 

Art.  G.  To  be  eligible  as  an  Associate  the  candidate  must  be 
not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qualitications  of  a  member ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work,  and 
to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  'which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Applications  for  membership  from  engineers  who  are  not 
resident  in  the  United  States  and  Canada,  and  who  may  be  so 
situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  Members  of  the  Council,  after  sufficient 
evidence  has  been  secured  which  shall  show  that  in  their  opinion 
the  applicant  is  worthy  of  admission  to  the  grade  which  he 
seeks. 

Art.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
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such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arriv^e  at  a  proper  estimate  of  the  eligibility 
of  the  candidate  for  admission  to  the  Society.  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officially  declared. 

Art.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's  consent,  the  grade  in 
the  Society  to  which,  in  its  opinion,  his  qualifications  entitle  him. 
The  names  of  those  candidates  recommended  for  election  by  the 
Society  shall  be  immediately  printed  on  a  ballot,  and  the  ballot 
mailed  at  once  by  the  Secretary  to  each  voting  member  of  the 
Society.  Persons  desiring  to  change  their  grade  of  membership 
from  junior  to  associate  or  from  associate  to  member  shall  make 
an  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant. 

Art.  13.  a  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  sealed  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  which  he  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Society.  A  ballot  without  such 
endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
candidate  by  seven  voters  shall  defeat  his  election. 

Art.  14.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  w^ritten  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Council,  through  a  letter  ballot,  not  less  than  sixty 
days  subsequent  to  the  proposal,  a  notice  of  which  proposed  elec- 
tion shall  have  been  mailed  at  once  by  the  Secretary  to  each 
member  of  the  Council. 


X  KULKS   OF   THE 

Art.  17.  Eiu;li  |)ers()ri  elected,  excepting  honorary  members^ 
must  subscribe  to  tlie  Rules  of  the  Society,  and  pa}^  the  initiation 
fee  before  he  can  receive  a  certiiicate  entitling  him  to  the  rights 
and  privileges  of  the  Society,  and  to  wear  the  emblem  appropriate 
to  his  grade.  If  this  payment  is  not  made  within  six  months  of 
the  election,  the  same  shall  be  void,  unless  the  time  is  extended  by 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be 
worn  by  those  only  who  belong  to  that  grade. 

Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
without  the  payment  of  the  sum  above  named,  such  person  as  for 
a  long  term  of  3^ears  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Society ;  provided^  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken  from 
the  list  of  members.  Such  person  may  be  restored  to  the  privi- 
leges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  b}^  a  Coun- 
cil, consisting  of  a  President,  six  Yice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Society. 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain  their 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  any  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  oifice  as  follows  : 
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The  President  and  the  Treasurer  for  one  year  ;  and  no  pereon 
shall  be  eliirible  for  immediate  re-election  as  President  who  shall 
have  held  that  otlice  for  two  consecutive  years ;  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no 
Vice-President  or  Manasfer  shall  be  elic:ible  for  immediate  re-elec- 
tion  to  the  same  olhce  at  the  expiration  of  the  term  for  wiiicli  he 
was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  tlie  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  he 
is  appointed  by  a  majority  vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Vice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of 
the  meeting  at  which  their  successors  are  elected. 

Art.  24r.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  mav  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so 
appointed  shall  hold  office  for  the  remainder  of  the  term  for 
which  his  predecessor  was  elected  or  a])pointed ;  provided,  that 
the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum. Members  of  the  Council  absent  from  a  meeting  may  vote  by 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretary. 
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Art.  27.  The  President  on  assuming  oflBce  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee  shall  expire  at  the  end  of  each 
year.  The  Secretary  shall,  ex  officio^  be  a  member  of  all  three 
committees. 

Art.  28.  The  Finance  Committee  shall  have  pow^er  to  order  all 
ordinary  or  current  expenditures,  and  shall  audit  all  bills  therefor. 
No  bill  shall  be  paid  except  upon  their  audit.  When  special  ap- 
propriations are  ordered  by  the  Society,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  Council  and  Finance  Com- 
mittee in  conference. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ings of  the  Society.  They  shall  see  that  all  editorial  revisions  of 
the  proceedings,  papers,  discussions,  and  reports  are  made ;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  may,  at  its  discretion, 
revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  Nominating  Committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirty  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  regularly  appointed  committee,  any  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent Nominating  Committee,  and  may  present  to  the  Secre- 
tary^, at  least  thirty  days  before  the  annual  meeting,  all  the  names 
of  such  candidates  as  they  may  select.  All  the  names  of  such 
independent  nominees  shall  be  placed  upon  the  ballot  list,  with 
nothing  to  distinguish  tbem  from  the  nominees  of  the  regular 
committee,  and  the  Secretary  shall  at  once  mail  the  said  list  of 
names  to  each  member  and  associate  in  the  form  of  a  letter  ballot, 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32.  In  the  election  of  Yice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Yice-Presidents 
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to  be  elected.  lie  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  tlie  same  way. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  returning 
the  list  to  the  Secretary — such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  bv 
the  voter.  No  member  or  associate  in  arrears  since  the  last 
annual  meeting  shall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Art.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared elected. 

meetings. 

Art.  35.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tuesday  in  December  of  each  year,  in  the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meeting, 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates,  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  Council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Art.  38.  Any  member,  honorary  member,  or  associate,  may  in- 
troduce a  stranger  to  any  meeting ;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art.  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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Art.  40.  At  any  regular  meeting  of  the  Society  thirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 

Art.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in  the 
order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transactions  of  the  Society,  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  Avith  the  Society's  imprint,  as 
its  TransaGtions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors'  consent,  copies  of  such  papers,  "  subject  to  revision,"  with 
such  illustrations  as  are  needed  for  the  Transactions,  for  distribu- 
tion to  the  members  and  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  the  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation 
of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing ;  provided^  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present ;  provided,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previous  meeting. 
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The  twentv-tliird  annual  meeting  of  the  Society  was  held  in 
the  City  of  Xew  York,  during  the  first  week  of  December,  1902. 
The  Society  was  unfortunate  for  this  meeting,  by  reason  of  the 
absence  from  his  post  of  President  Edwin  Reynolds,  who  had 
been  debarred  from  active  dutv  in  the  early  autumn  by  ill 
liealth.  The  Chair  was  taken  during  the  sessions  by  the  senior 
Yice-President,  Arthur  M.  Waitt,  who  presided  at  all  sessions. 

The  increasing:  crrowth  of  the  Society  and  the  interest  wliich 
was  expected  to  attach  to  certain  discussions  at  the  meeting,  in- 
duced the  Council  to  arrange  to  hold  only  the  opening  session 
on  Tuesday  evening,  and  the  closing  session  on  Friday  morning, 
in  the  cozy  auditorium  of  the  Society  House  at  12  West  Thirty- 
first  Street.  The  sessions  on  Wednesday  and  Thursday  were 
held  in  the  banquet  hall  of  the  Sturtevant  House  on  Broadway 
and  Twenty-ninth  Street.  The  luncheons  served  to  their  guests 
by  the  Xew  York  members  on  AYednesday  and  Thursday  were 
also  served  in  a  room  adjoining  tlie  room  in  which  the  sessions 
were  held.  The  numbers  in  attendance  proved  that  the  decision 
of  the  Council  had  been  eminently  wise. 

The  opening  session  was  called  to  order  at  8.30  p.  m.  in  the 
Society  House,  by  Yice-President  AYaitt,  who  called  on  the  Sec- 
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retary  to  read  tlie  letter  from  President  Reynolds.  The  (^hair 
then  asked  the  ])refei'ence  of  tlie  meeting  in  the  matter  of  enforc- 
ing with  some  insistence  the  rules  concerning  the  presentation 
of  ])apers  by  abstract  and  a  curtaihnent  of  the  oral  debate 
Avithin  the  limit  of  five  minutes.  It  was  on  motion  decided  that 
these  rules  should  be  adhered  to  during  the  meeting. 

The  Chair  a])pointed,  under  tlie  provisions  of  Article  34  of  the 
Kules,  a  committee  to  count  the  letter  ballots  which  had  been 
cast  for  officers,  and  to'  report  at  the  session  on  Wednesday 
morning.  Messrs.  Wm.  T.  Bonner  and  Paul  M.  Chamberlain 
Avere  made  such  a  committee  of  tellers.  Ife  then  called  upon 
Prof.  Sidney  A.  Peeve  for  the  presentation  of  his  paper  on  "A 
Kational  Solution  of  the  Problem  of  AVeights  and  Measures." 
Messrs.  Suplee,  LeAvis,  Ilalsey,  McGill,  J.  D.  Piggs  and  G.  W. 
Colles,  contributed  discussion. 

The  Secretary  made  announcement  concerning  the  details  of 
the  meeting;  the  presiding  officer  spoke  of  the  social  opportunity 
in  the  collation  room  beloAv  the  meeting  hall,  and  the  session 
then  adjourned  until  the  following  morning. 

Second  Session.     Wednesday  Morning,  December  3rd. 

The  meeting  called  to  order  by  Vice-President  Arthur  M. 
Waitt,  at  10.30,  in  the  banquet  hall  of  the  SturtcA^ant  House. 
The  registration  of  the  members  in  attendance  Avas  slightly 
modified  at  this  meeting,  by  the  use  of  separate  sheets  Avith  car- 
bon impression,  so  that  the  printed  list  from  the  register  might 
be  circulated  more  promptly  by  saving  the  time  necessary  hith- 
erto to  copy  them  from  the  pages  of  the  official  registration 
book.  The  same  care  Avas  taken  as  at  a  previous  meeting,  to 
keep  the  names  of  members  and  guests  distinct  from  each  other. 
The  large  number  registered  preclude  a  full  reproduction  of  its 
pages,  but  there  Avere  474  members  and  225  guests  included  iji 
the  total  of  702. 

The  first  business  of  this  session  Avas  the  presentation  of  the 
Report  of  the  Council  as  required  by  the  Pules.  This  report  had 
been  prepared  some  weeks  in  advance  of  the  meeting,  and  had 
been  printed  and  distributed  to  the  members.  It  was  therefore 
presented  at  this  meeting,  b^^  title,  the  Secretary  adding  a  con- 
cluding paragraph  to  the  printed  copy,  to  include  transactions  of 
the  Council  since  the  report  Avas  printed,  w^hich  Avill  be  found  in 
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tl)('ir  |)i'()|)o?"  p'lac'i'  at  tbo  end  of  tlie  roo^iilai*  i-cpoi-t  as  (listrihiitcd 
to  till'  nuMnbiM'sliii). 

Tlie  Cliair  put  the  motion  on  the  Keport  ol"  the  Council  and 
stated  tiiat  the  (\mneil,  through  the  Secretary,  wen?  ])i'e])ared  to 
answer  the  (juestions  w  liieh  any  member  might  like  to  ask  on 
the  subjects  covered  in  the  report.  No  such  (pjestions  being 
asked  the  report  was  on  motion,  received,  and  ordered  on  lile. 
The  re[)ort  is  as  follows: 

ANNUAL   REPORT  OF  TITP:   COUNCIL.      . 

The  Council,  under  tlie  provision  of  the  Rules,  presents  to  the 
Society,  convened  for  its  twenty-third  annual  meeting,  the  report 
of  business  which  has  been  considered  during  the  year,  and  of 
action  which  has  been  taken. 

It  has  been  an  occasion  of  keen  regret  that  the  Society  has  been 
compelled  to  forego  the  services  of  its  President,  Mr.  Edwin 
Reynolds,  during  the  latter  part  of  the  year,  by  reason  of  his 
continued  ill-health.  The  President  was  present  at  the  first  three 
meetings  of  the  Council,  but  was  nnable  to  attend  the  convention 
in  Boston  and  to  preside  at  the  meetings  of  the  Council  and 
Society,  lie  also  advised  the  Council  that  he  would  be  unable  to 
attend  meetings  in  the  fall  and  winter  during  his  term  of  office, 
and  asked  that  provision  be  made  for  his  place  to  be  supplied  by 
one  of  the  Vice-Presidents.  Mr.  James  M.  Dodge  has  supplied 
his  place  both  at  the  spring  meeting  and  at  the  meetings  of  the 
Conncil  previous  to  the  annual  meeting. 

The  routine  business  of  the  Council  in  any  year  is  made  up  in 
part  of  considering  requests  for  the  gratuitous  distribution  of  its 
Transactions  to  libraries  and  the  consideration  of  candidates  mak- 
ing application  for  membership.  During  the  current  Society  year 
the  Council  has  acted  favorably  upon  applications  for  membership, 
divided  among  the  grades  as  follows: 

Spring  Animal  m^.,,. 

Meeting.  Meeting.  ^"^'"• 

Members    58  58  116 

Associates  17  10  27 

Juniors 49  34  83 

Total 124  102  226 

By  reason  of  the  agitation  in  the  fall  of  1{)01  for  an  increase 
in  the  sum  to  be  paid  as  computation  of  dues  for  life,  in  the  form 


6  I'KOCKEDIXaS    OF    THE 

of  Life  Membcrsliips,  there  were  eighteen  such  memberships 
created  lust  year,  bringing  an  aggregate  of  $3,000  to  the  Society 
from  this  source. 

The  Council  lias  also  had  the  pleasure  of  acknowledging  the 
receipt  of  gifts  from  members  during  the  year,  and  would  make 
particular  reference  to  the  receipt  of  a  model  of  the  rifle  made 
by  American  tools  in  Kimberley,  South  Africa,  during  the  early 
part  of  the  Boer  AVar,  and  which  was  designated  as  ^'  The  Long 
Cecil.''  'J'lie  Council  has  transmitted  the  usual  vote  of  thanks  to 
those  who  have  favored  the  Society  in  this  way. 

In  the  summer  of  1901  a  proposition  appeared  in  one  of  the 
daily  papers  of  New  York  City,  urging  on  those  interested  that 
the  bust  of  the  late  Alexander  L.  Holley,  now  standing  on  a  pedes- 
tal in  the  westerly  part  of  Washington  Park,  had  ceased  to  occupy 
the  position  of  honor  to  which  Mr.  Holley's  memory  and  achieve- 
ments were  entitled.  It  will  be  remembered  that  Mr.  Holley  was 
a  Vice-President  of  the  Society  in  its  early  formation,  and  was 
honored  by  being  created  ^'  Founder  of  the  Society ''  at  the  time 
of  his  death,  in  1882.  The  bust  had  been  erected  by  joint  action 
of  the  engineering  societies  and  personal  friends  of  Mr.  Holley, 
who  had  subscribed  for  a  fund  for  this  purpose,  and  it  was  trans- 
ferred to  the  city  of  New  York,  with  appropriate  ceremonies,  in 
November,  1890.  While  the  location  in  the  Washington  Park 
was  at  that  time  recognized  as  not  the  best,  it  was  the  only  one 
available,  but  the  changes  in  the  city  during  the  period  have  made 
the  location  less  and  less  suitable  as  the  years  went  on. 

The  Council  took  the  question  up  by  appointing  a  committee 
of  its  members,  who  had  conferences  with  the  other  organizations 
interested  in  the  original  gift  of  the  bust,  and,  after  obtaining  the 
concurrence  of  all  concerned,  the  proposition  to  give  the  bust  a 
more  suitable  and  distinguished  location  was  presented  to  the 
Commissioner  of  Parks.  By  reason  of  difficulties  with  respect  to 
the  legal  aspects  of  a  transfer  of  property  w^hich  has  been  deeded 
to  the  city,  the  Committee  up  to  the  present  time  has  only  a  report 
of  progress  to  make. 

The  Council  has  been  requested  to  approve  a  proposition  to 
appoint  two  members  of  the  Society  to  act  as  a  joint  committee 
with  delegates  from  the  xVmerican  Institute  of  Architects  to  plan 
and  arrange  for  tests  upon  Steel  I-Beams  of  Large  Size.  The 
request  was  made  by  the  State  Architect,  and  after  conference  with 
the  American  Institute  of  Architects,  the  Council  directed  that 
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Messrs.  TI.  (Ic  1^.  Parsons  and  Palmer  C.  Kickotts  should  he  the 
representatives  of  tliis  Soeietv  upon  such  a  joint  coniniittee. 

The  Conneil  has  tendered  the  nse  of  its  auditorinni  and  other 
puhlic  rooms  to  tlie  New  England  Cotton  ^fannfacturers'  Assoeia- 
tion  on  the  oceasion  of  their  Seventy-third  Meeting,  in  New  York 
City,  September  30tli  to  October  2d. 

The  Council  has  also,  on  the  recommendation  of  its  Executive 
Committee,  authorized  the  issue  of  the  following  circular,  pur- 
suant to  the  action  which  it  took  in  ]\Iay,  180G,  on  the  occasion 
of  the  previous  agitation  concerning  a  legislation  which  should 
make  the  use  of  the  Metric  System  compulsory.  The  circular  was 
as  follows: 

AGAINST    COMPULSORY    USE    OF    THE    METRIC    SYSTEM. 
The  ExKCurrvE  Committee  of  the  Council  has  directed  that  the  fot. 

LOWING   CIRCULAK    AND   IlEPOUT   SHOULD   BE   ISSUED   TO  THE   MEMBEIISHIP. 

PiiiLADELPHrA,  U.  S.  A.,  February  19,  1902. 

To  the  Council  of  the  American  Sociehj  of  3I:chanical  FJngineers,  New  York  City: 
Gentlemen:  The  Committee  of  your  Society  to  whom  has  been  referred  the 
consideration  of  the  metric  system  in  comparison  with  the  system  in  use  in 
the  United  States,  at  a  meeting  held  in  Philadelphia  to-day  at  which  were 
present  the  subscribers  in  j^erson  or  by  letter,  begs  to  report  as  follows: 

An  attempt  is  being  made  through  the  Committee  on  Coinage,  Weights, 
and  Measures  of  the  Fifty-seventh  Congress  in  reference  to  H.  R.  Bill  No.  2,054 
supplemented  by  H.  R.  Bill  No.  123,  compelling  the  adoption  of  the  (French) 
metric  system  of  weights  and  measures  in  all  departments  of  the  Government 
in  all  its  workshops  and  in  all  matters  connected  with  construction  or  com- 
mercial operations  other  than  those  relating  to  public  lands  and  surveying. 
In  this  bill  on  lines  9,  10,  and  11  it  will  be  seen  that  after  fixing  a  date  for 
its  compulsory  use,  it  states  that  the  metric  (French)  system  of  weights  and 
measures  shall  be  the  legal  standard  of  weights  and  measures  recognized  in  tlie 
United  States.  The  word  "  the  "  on  the  tenth  line  must  be  considered  as  mean- 
ing the  only  legal  standard,  for  the  reason  that  the  French  metric  system  of 
weights  and  measures  is  now  and  has  been  for  many  years  legalized  by  Act 
of  Congress,  and  is  as  free  to  be  used  and  as  legal  in  the  use  as  are  the  pounds 
and  tons  or  yard,  feet  and  inches  heretofore  and  at  present  commonly  used  in 
this  country.  If  this  bill  is  passed  it  will  make  what  we  are  now  using  to 
such  good  advantage  illegal.  The  attention  of  the  members  of  this  Society  is 
therefore  called  to  the  proposed  legislation,  and  it  is  earnestly  urged  by  the 
Committee  that  all  members  should  address  their  respective  representatives 
in  Congress  protesting  against  the  passage  of  H.  R.  Bills  No.  2,054  and  No. 
123,  expressing  in  the  strongest  terms  their  opposition  to  a  measure  involving 
changes  that  will  inconvenience  and  hinder  trade  and  manufacturing,  and  re- 
quiring an  expenditure  of  time  and  mc.ney  that  cannot  be  expressed  in  figures 
sweeping  away  as  it  does  the  advantages  accruing  from  the  numerous  estab- 
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lishod    standards    now    recognized    and    universally    adopted    throughout    the 
country. 

Respectfully  submitted, 

Coleman  Sellkhs, 
Coi-EMAN  Sellers,  Jr., 
Geo.  M.  Bond, 
J.  E.  Sweet, 
Charles  T.  Porter. 

The  Council  also  approved  the  recommendations  of  its  Executive 
Committee  that  the  Employers^  Bulletin  should  be  issued  at  in- 
tervals until  further  notice.  Attention  is  directed  to  the  Eeport 
of  the  Executive  Committee  with  respect  to  the  service  which  the 
issue  of  these  bulletins  has  rendered. 

The  most  important  subject  which  the  Council  has  had  under 
consideration  during  the  current  year  has  been  the  outcome  of 
its  careful  investigation  into  the  financial  questions  affecting  the 
Society  at  this  time.  The  Council  reported  in  circular  form  to 
the  membership  in  May  of  the  current  year  the  results  of  its  dis- 
cussion of  this  question,  and  repeats  for  record  in  its  Transactions 
the  report  of  their  deliberations  at  that  time  on  matters  of  per- 
manent policy. 

The  resolutions  in  this  group  are  as  follows: 

1.  Resolved,  that  the  fiscal  year  of  the  Society  run  from  October  1st  in  each 
year  to  the  succeeding  September  30th. 

2.  Resolved,  that  the  Council  approve  tne  recommendation  that  the  accounts 
of  the  Library  Association  be  incorporated  into  the  books  of  the  Society,  and 
that  in  the  accounting  the  two  organizations  be  treated  as  one,  without  in 
any  way  invading  the  right  of  control  of  the  Library  Association  as  to  its  woik 
or  its  income,  by  its  Trustees,  and  without  invading  in  any  way  the  lights  of 
any  persons  who  are  subscribers  to  its  support. 

3.  Resolved,  that  the  Treasurer  be  authorized  under  the  direction  and  with 
the  approval  of  the  Finance  Committee  to  borrow  such  sums  as  may  be  re- 
quired in  the  current  year  for  the  proper  conduct  of  its  financial  afTairs,  and 
that  the  Treasurer  have  authority  to  sign  the  name  of  the  Society  to  such  notes 
as  may  be  required  under  this  procedure. 

4.  Resolved,  that  the  action  of  the  Finance  Committee  be  approved  and  con- 
firmed, whereby  under  the  direction  of  the  Executive  Committee  the  Treasurer 
was  directed  to  effect  the  necessary  loans  from  the  East  River  National  Bank. 

5.  Resolved,  that  the  Council  approve  the  following  appraisal  values  of  the 
Teal  estate,  library,  and  stock  ot  Transactions,  and  direct  that  these  values  be 
entered  upon  the  books  of  the  Society  as  of  the  date  September  30,  1901 : 

Real   estate $85,000 

Library   10,000 

Transactions  , 15,021 

Furniture   1,300 
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6.  ResolrciJ,  that  tlio  roeoniiiiendntions  of  the  Finance  Committee  hv  np- 
provod.  crontinp  a  special  account,  to  be  known  as  "  Li])rary  Account,"  to 
whic'li  on  Sejiteniltcr  30tli  of  oacli  year  shall  lie  ])os<e(l  an  amount  equal  to 
1  ]ier  cent,  of  the  gross  receipts  from  membership  dues  accruing  during  the 
liscal  year  thvu  euding. 

7.  RcsoUrd,  that  the  whole  of  the  receipts  from  initiation  fees  and  life  mem- 
berships shall  be  credited  as  received  to  a  "  Keserve  Fund,"  that  at  the  close 
of  each  fiscal  year  10  per  cent,  of  the  total  amount  to  the  credit  of  this  reserve 
fund  shall  be  transferred  to  "Annual  Income  Account,"  and  as  such  shall  be 
applied  to  current  expenses;  that  the  balance  of  said  fund  shall  be  lield  or 
invested  as  a  "  sinking  fund,"  to  be  applied  to  the  liquidation  of  the  indebted- 
ness of  the  Society  and  of  the  Library  Asociation,  in  such  amounts  and  at  such 
times  as  the  Council  maj'  direct. 

8.  Resolved,  that  the  Council  approve  the  action  of  the  Executive  Committee 
whereby  economy  of  management  and  administration  have  been  secured  with 
respect  to  the  curtailing  for  the  present  ot  the  general  distribution  to  all  mem- 
bers of  advance  papers  before  the  meeting;  the  discontinuance  of  gratuitous 
distribution  of  revised  papers  with  discussion  after  the  meetings;  the  dimin- 
ished use  of  the  return  postal  cards,  and  the  issue  of  only  two  lists  of  mem- 
bers during  the  year,  one  of  which  shall  be  the  alphabetical  list,  without  geo- 
graphical distribution,  and  the  other  the  smaller  "  vest-pocket  size  "  containing 
the  list  of  members  arranged  geographically. 

9.  Resolved,  that  a  committee  be  appointed  by  the  President  to  consider  a 
general  revision  of  the  rules  of  the  Society  as  proposed  by  the  Finance  Com- 
mittee, in  the  following  resolution  of  that  body: 

"Resolved,  that  the  Finance  Committee  recommend  that  a  committee  be  ap- 
pointed to  make  a  general  revision  of  the  rules  of  the  Society,  especially  with 
respect  to  the  status  and  duties  of  the  Finance  Committee,  and  further,  to  con- 
sider such  amendments  or  changes  in  the  rules  as  may  be  or  have  been  pl-o- 
posed  by  members  of  the  Society 

"  The  Finance  Committee  further  recommends  that  the  special  committee  to 
be  appointed  under  this  resolution  be  instructed  to  formulate  a  constitution 
which  shall  be  adopted  or  amended  only  by  vote  of  the  entire  membership; 
by-law  s  to  be  adopted  or  amended  by  the  Council :  and  rules  to  be  made  or 
altered  by  standing  committees  of  the  Society,  with  the  approval  of  the  Council.*' 

The  Council  appointed  its  Executive  Committee  and  the  Finance 
Committee  of  the  Society  a  joint  committee  to  take  under  con- 
sideration the  preparation  of  a  system  of  accounting  which  should 
reduce  the  labor  in  the  office  of  the  Society,  on  the  one  hand,  and, 
on  the  other,  enable  the  Council  to  be  more  easily  informed  at  any 
time  of  the  exact  amount  of  income  and  expenditure  to  be  ex- 
pected in  any  fiscal  year  of  the  Society. 

Under  this  authority  the  Executive  Committee  secured  the 
services  of  the  firm  of  Messrs.  Sargent,  Page  and  Taylor,  public 
accountants,  who  investigated  the  accounts  of  the  Society  and 
proposed  improved  methods  in  detail.  The  accountants  found 
the  books  to  be  in  proper  order  and  correct,  but  made  suggestions 
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as  to  the  form  in  which  tho  annual  report  should  be  presented, 
which  have  been  followed  in  tlie  report  from  the  Finance  Com- 
mittee, which  is  appended  to  tliis  report.  The  Council  has  directed 
that  until  further  notice  each  standing  committee  at  the  end  of 
the  year  shall  report  to  the  Council  the  work  which  has  been  done 
imder  its  direction  during  the  preceding  year.  Such  reports  are 
also  appended  to  the  reports  of  the  Council. 

In  comment  on  these  reports  of  its  Library  and  House  Com- 
mittee, Publication  Committee,  and  Executive  Committee,  the 
Council  would  ask  attention  of  the  members  to  the  facts  which  are 
presented  with  great  fulness  therein.  It  may  not  be  generally 
appreciated  how  wide  the  scope  must  naturally  be  of  the  work 
intrusted  to  committees  in  an  organization  the  size  of  the  Mechan- 
ical Engineers,  and  it  is  believed  that  a  careful  reading  of  these 
reports  will  give  much  valuable  information. 

With  respect  to  the  report  of  the  Finance  Committee,  the 
Council  would  direct  attention  to  the  fact  that  it  contains  state- 
ments of  the  cash  receipts  and  disbursements.  It  presents,  second, 
statements  of  the  assets  and  liabilities  of  the  combined  organiza- 
tions of  the  American  Society  of  Mechanical  Engineers  and  of  the 
Library  Association;  it  contains,  also,  a  statement  of  income  and 
expenditure  of  the  Society  during  the  current  year.  From  these 
financial  statements  the  Council  has  drawn  off  the  following  facts 
and  conclusions,  for  which  it  bespeaks  the  careful  consideration 
of  the  members: 


Items  educed  from  the  accounts  of  the  last  year  snowing  tlie  cost  per  member : 

(1)  Total  numoer  on  catalogue 2,424 

Deduct  life  members ....,„.„ 106 

Deaths  and  resignations 10 

Lapsed  memberships 70 

Members  who  have  not  paid  current  year  at  September 
30,   1902 179—       365 

Paying   membership , 2,059 

(2)  Total  receipts  exclusive  of  initiation  tees   ($4,485),  life  mem- 

berships ($3,600),  and  fellowship  fund  ($532) $34,797  49 

Received  per  paying  member    (computed) 16  90 

Received  per  member  for  dues  only  (computed) 13  58 

(3)  Total  expenses  of  year  October  1,  1901,  to  September  30,  1902, 

except    operating    house     ($824.43),    mortgage    interest 
($1,402.50),  and  repairs  and  renewals  (470.64) 34,756  53 

(4)  Total  expended  for  publications,  October  1,  1901,  to  September 

30,    1902 16,523  16 
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(5)  Total  expended  for  salaries  in  Society's  ollice,  same  period...       .f 9,440  00 
(())   Total  c.xpendi'd  for  all  other  expenditures,  except   house SJICJ  .'{7 

(7)  Total  expended  for  house,  including  interest  on  mortgage  and 

repairs  and  renewals 2,697  &7 

Expenditure  per  p(ii/tn(/  member,  October  1,  1901,  to  September  oO,  1902  : 

(8)  For  all  purposes  including  house $18  19 

(9)  For  house  operation  including  interest  and  repairs 1  31 

(10)  For  all  purposes  exclusive  of  house 10  88 

(11)  For  j)ul)lie;ui(,ns,   printer's   work,  engraving,   binding, 

and  distribution $8  02 

(12)  For  salaries  in  Societ3''s  oflice 4  58 

(13)  For  all  other  purposes  except  house 4  28 

$16  88 

(14)  For  house  operation  exclusive  of  mortgage  interest  and  re- 

pairs and  renewals 40 

(15)  For    house    operation    exclusive    ot    mortgage    interest,    but 

including  repairs 62 

( 16)  For  operating  the  library 53 

(17)  For  expenditure  for  postage,  circulars,  catalogues,  and  print- 

ing in  Society  oflfice 2  18 

(18)  For  meetings   and  all   other  expenaitures   not   otherwise  al- 

lotted above 1  42 

In  further  comment  on  these  computations,  and  the  tabular 
statements  of  the  Finance  Committee,  the  Council  would  ask  the 
members  to  consider  the  following  points : 

1.  The  present  Life  Membership  fee  is  $200;  the  income  from 
this  sum  invested  in  any  safe  w^ay  will  be  less  than  the  annual 
expense  per  member,  which  is  stated  above  to  be  over  $17.  It  is 
obvious,  therefore,  that  the  Life  Memberships  are  a  drain  on  the 
resources  of  the  Society  at  the  rate  at  which  the  present  member- 
ship are  receiving  return  for  their  dues.  It  is  obvious  that  the 
Life  Membership  fee  should  be  materially  increased. 

2.  The  present  large  proportion  of  Junior  members  as  com- 
pared to  the  entire  membership  causes  a  financial  drain,  because 
the  sum  actually  received  from  Juniors  ($10)  is  so  much  less  than 
the  corresponding  expenses  incurred  on  their  behalf  by  the 
Society.  There  are  56(5  juniors  bringing  in  an  income  of  $5,660, 
as  against  $9,454  expense  incurred  on  their  account. 

3.  The  sum  ($3,600)  received  this  year  in  payment  for  Life 
Memberships  is  used  for  reducing  liabilities,  and  has  not  been  laid 
aside  as  an  investment  in  income-bearing  funds. 
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4.  The  entire  receipts  from  initiation  fees  of  new  members  are 
used  as  income  for  current  needs.  This  is  not  believed  to  be  a 
sound  permanent  financial  policy.  The  receipts  from  this  source 
will  not  continue  indefinitely,  and  are  liable  to  fall  off  with  any 
yeai"  of  industrial  depression.  Tlie  income  from  regular  sources 
should  be  enough  to  carry  on  the  Society,  leaving  the  whole  or  a 
large  part  of  the  initiation  fees  as  a  permanent  fund.  (See  Reso- 
lution 7,  ]).  0.)  If  i)()  ])er  cent,  of  the  initiation  fees  had  been 
withdraAvn  as  an  investment  fund  ($4,036)  as  directed  by  the 
Council,  there  would  have  been  a  deficiency  for  the  year  1901-02, 
instead  of  an  excess  of  income  as  reported  on  Sheet  B. 

5.  The  margin  of  difference  between  the  total  of  receipts  and 
the  total  of  expenditures  is  not  large  enough  to  permit  of  the 
Society's  incurring  any  additional  obligations.  There  have  been 
no  monthly  reunions  for  this  reason  this  year;  projects  for  extend- 
ing the  usefulness  of  the  library  to  members  have  been  blocked, 
and  there  is  no  reserve  fund  of  consequence  sbould  extra  expenses 
be  made  necessary  in  any  year. 

6.  The  average  annual  amount  reported  by  the  House  Com- 
mittee for  repairs,  maintenance,  furniture,  and  fixtures  has  been 
an  average  of  $1,200  per  annum;  the  sum  expended  this  year  for 
this  purpose  is  only  $824.  The  presumption,  therefore,  would 
be  that  in  some  subsequent  year  an  increased  expenditure  will 
have  to  be  made  to  meet  the  accumulated  deterioration. 

7.  The  account  makes  no  provision  for  the  setting  aside  of  any 
sum  to  diminish  the  mortgage  oi  $33,000  still  remaining  on  the 
house.  A  part  of  the  debt  which  has  accumulated  during 
the  last  two  years  is  due  to  the  effort  to  set  aside  a  sum  for  the 
reduction  of  the  mortgage  indebtedness  greater  than  the  income 
of  the  Society  during  those  years  would  altogether  justify.  * 

*  It  may  be  serviceable  to  record  the  sources  from  which  the  equity  of  $52,000 
which  appears  in  sheet  C  has  been  secured.    It  results  from  the  following  trans- 
actions: 
Cancellation  Second  Mortgage  Bonds — 

By  Gifts  of  Bonds $2,000 

"  Surrender  of  Bonds  for  Life  Membership 8,200 

"  Purchase  v;ith  cash  from  regular  sources  in  ten  years 16,300 

"  Purchase  with  special  Library  Funds 5,500 

Total  $32,000 

By  Increase  in  Valuation 20,000 

$52,000 
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8.  The  library  of  the  Society,  appraised  at  $10,000,  is  the  only 
free  public  library  on  mechanical  subjects  in  New  York  City. 
The  Committee  has  recommended  that  the  sum  of  $300  to  be 
expended  annually  for  additions  to  the  library.  The  expenses  for 
the  current  year  have  been  mainly  for  maintc  nance,  and  a  sum 
of  nu)ney  much  less  than  this  has  been  ex])endc(l  for  c^rowth. 

The  Council  would  call  attention  to  the  Appendices,  which 
reproduce  in  condensed  form  a  part  of  the  discussion  in  its  cir- 
cular of  May  10,  1002.  The  figures  have  been  revised  to  agree 
with  the  results  of  the  accounting  during  the  year. 

The  Council  would  report  for  record  the  f ollow^ing  deaths  in  the 
membership  during  the  year:  John  M.  liogle,  March  7,  1901;  J.  B. 
Henney,  Xovember  2d;  Frederick  Stieltjes,  December  27th; 
Walter  Y.  Fitch,  January  2,  1902;  Charles  P.  Deane,  January 
9th;  Hezekiah  Conant,  January  22d;  Francis  A.  Pratt,  February 
10th;  K.  G.  E^ver,  February  21st;  Jerome  Wheelock,  February 
26th;  Charles  H.  Nicoll,  February  27th;  Bryan  Donkin,  March 
4th;  ^y.  L.  Hoffecker,  March  18th;  Thomas  Forsaith,  April  5th; 
Henry  Morton,  May  9th;  W.  Y.  Lidgerwood,  June  2d;  Robert  B. 
Readina',  June  16th;  J.  B.  Johnson,  June  23d;  John  H.  Hall, 
June  25th;  Joseph  Cavanagh,  July  1st;  Hiram  F.  Lord,  Septem- 
ber 15th;  John  S.  Klein,  July  16th;  George  W.  Weeks,  October 
7th;  William  D.  Caldwell,  October  10th. 

The  Council  has  directed  that  under  the  provisions  of  Article 
19  of  the  Rules  the  following  action  should  be  taken  wdth  respect 
to  delinquents: 

1.  That  any  member,  associate,  or  junior,  who  owes  for  the  current  year 
only,  shall  be  carried  forward  on  the  books  and  his  name  retained  on  the 
Annual  Catalogue.  His  debt  to  the  Society  shall  be  considered  as  an  available 
asset. 

2.  That  on  September  30th  of  the  succeeding  year,  if  more  than  one  year's 
dues  remain  unpaid,  his  name  shall  be  transferred  to  the  "Suspended  List," 
taken  from  the  roll  of  the  published  catalogue,  and  his  account  transferred  to 
the  "  Bad  Debts  Account."  From  the  Suspended  List  he  may  be  restored  to 
membership  and  the  published  roll,  by  action  of  the  Council,  without  reflection 
or  general  vote  of  the  Society. 

3.  Xames  which  have  remained  one  year  upon  the  Suspended  List  shall  be 
dropped  at  the  end  of  that  time  without  further  action  of  the  Council,  and  such 
persons  may  only  return  iipon  applying  for  membership  as  new  candidates,  the 
Council  to  decide  in  each  case  whether  the  candidate  shall  be  compelled  to  pay 
an  initiation  fee  upon  this  second  election. 

Under  this  ruling  the  accountant  was  directed  to  carry  forward 
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179  members  on  the  roll  who  were  in  arrears  for  one  year's  dues 
only,  but  to  withdraw  seventy  names  of  those  who  had  allowed 
their  membership  to  lapse  under  the  foregoing  ruling.  The  re- 
vised enrolment  of  the  Society  in  its  various  grades,  under  this 
action,  at  the  end  of  the  fiscal  year  is  as  follows,  not  including  the 
members  to  be  voted  on  for  admission  at  the  annual  meeting: 

Honorary   members 18 

Life  members 106 

Members 1,606 

Associates    174 

Juniors   551 

Total   2,349 

Respectfully  submitted, 

The  Council. 
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APPENDIX    I. 

TIIK    COST   OF    OPERATING   THE   SOCIETY. 

It  will  be  apparent  from  a  study  of  the  accountant's  report  that  the  principal 
elements  of  expenditure  fall  under  the  following  heads  in  the  order  a(  their 
magnitude: 

1.  The  Transactions  or  publications. 

2.  Salaries  of  ollicers  and  staff. 

3.  The  headquarters  or  house  of  the  Society. 

4.  Sundry  printing,  circulars,  postage,  meeting  expenses,  and  miscellaneous. 
The  Council  has  considered  each  of  these  headings  and  presents  the  follow- 
ing conclusions: 

1.  The    Transaciimts  or   rublications   of  the   Society. 

Economy  may  be  etfccted  here  in  two  ways:  The  number  of  accepted  papers 
may  be  reduced,  and  the  size  of  the  annual  volume  which  goes  to  each  mem- 
ber; or  the  mechanical  standard  in  printing  and  illustration  may  be  lowered, 
and  the  price  cut,  without  impairing  the  professional  value  of  the  volume; 
or  both  of  these  courses  may  be  taken  at  once.  It  is  the  emphatic  opinion  of 
the  Council  that  the  first  alternative  should  be  taken  only  in  the  last  resort. 
The  volume  of  the  papers  is  to  many  members  of  necessity  a  very  valuable 
return  from  membership;  the  quality  of  the  papers  gives  the  Society  its  repute 
and  standing  at  home  and  abroad;  these  papers  are  the  reason  and  cause  for 
Buccesful  and  valuable  conventions  of  members;  they  are  the  principal  appeal 
for  accessions  of  new  members  and  the  continued  growth  of  the  Society.  So 
far  from  curtailing  here,  the  Society  should  expand  in  the  direction  of  more 
papers,  of  wider  interest,  of  superior  quality  and  usefulness,  even  if  it  must 
expend  something  more  to  attain  these  results. 

On  the  other  hand,  the  effect  of  lowering  the  mechanical  standard  of  print- 
ing and  illustrating  the  papers  is  not  so  far-reaching.  A  cheaper  grade  of 
compositors  can  be  employed:  a  diminished  number  and  size  of  illustrations 
can  be  admitted;  folding  plates  may  be  eliminated  or  reduced;  the  elegant 
wax  process  for  cuts  can  be  replaced  by  cheaper  reproduction  processes;  tabu- 
lar matter  can  be  cut  out  or  diminished;  coated  paper  for  half-tones  can  be 
discontinued.  With  respect  to  the  distribution  of  papers,  the  edition  of  papers 
issued  in  advance  of  meetings  has  been  cut  down  in  size,  and  such  papers  sent 
only  on  order,  and  not  to  every  member  before  a  meeting,  as  hitherto.  Mem- 
bers have  been  charged  for  each  copy  of  every  revised  paper  they  order  after  it 
has  been  read  and  discussed. 

The  Council  hope,  however,  that  as  soon  as  possible  the  Society  will  order 
a  return  to  the  more  liberal  and  satisfactory  standard  which  has  prevailed 
hitherto.  As  it  is,  however,  the  report  of  the  Publication  Committee  makes  it 
apparent  that  this  Society  is  spending  less  on  its  publications  in  an  average 
year  than  its  kindred  societies  of  similar  size  and  aim. 

2.  The  Salaries  of  Officers  of  the  Society  and  the  Office  Staff. 

The  Secretary  of  the  Society  is  its  only  salaried  officer.     The  Treasurer  re- 
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ceives  no  coniponsation,  but  the  arcoiintant  in  the  office  is  the  Treasurer's 
assistant  and  clerk.  Any  further  clerical  assistance  which  the  Treasurer  may 
employ,  he  i)ays  for  himself  out  of  his  own  pocket.  The  staff  in  the  Society's 
office  consists  of  one  accountant,  acting  mainly  as  such  and  as  assistant  to  the 
Treasurer,  one  stenographer,  one  assistant  librarian,  and  one  mailing  clerk 
who  ads  also  as  order  clerk.  The  volume  and  extent  of  the  business 
in  the  office  precludes  any  consolidation  of  these  duties  among  a  less  number; 
or,  in  other  words,  the  work  could  not  be  done  at  all  with  a  reduction  of  force 
to  less  than  one  in  each  department.  The  work  of  the  Secretary  of  the  So- 
ciety as  editor  of  its  Transactions,  as  chief  librarian,  and  executive  officer  for 
the  Council,  is  discharged  by  a  secretary  and  an  assistant.  This  organization 
prevails  in  all  the  large  engineering  societies  doing  work  upon  the  scale  fol- 
lowed by  this  Society.  The  Mechanical  Engineers  are  unique  in  this,  however, 
that  for  the  service  of  these  two  men  it  pays  a  sum  no  larger  than  is  paid  to 
one  man  in  the  other  societies.  This  arrangement  seems  so  favorable  that  the 
Council  have  no  desire  to  disturb  it,  particularly  in  view  of  the  satisfactory 
quality  and  extent  of  the  service  rendered.  The  report  of  the  Executive  Com- 
mittee makes  it  apparent,  furthermore,  that  this  Society  is  paying  less  for 
salaries  and  staff  than  the  other  engineering  societies  of  the  same  kind.  The 
Council  has  not  thought  it  wise  to  make  any  readjustments  in  this  particular. 
The  amounts  of  the  salaries  in  detail  will  be  found  in  the  reports  of  the  com- 
mittees, and  those  of  the  house  staff  are  considered  in  the  next  paragraph. 

3.  The  House  serving  as  Office  and  Headquarters  for  the  Society. 

The  accountant  reports  that  the  net  cost  of  operating  the  house.  No.  12 
West  Thirty-first  Street,  New  York,  last  year,  including  wages  and  mortgage 
interest  was  $2,097.57.  A  careful  computation  of  the  minimum  floor  space  upon 
which  the  Society's  work  could  be  conducted  in  its  relations  as  a  national 
organization  would  be  1.200  square  feet,  in  order  to  give  desk  room  for  Sec- 
retary and  assistant,  for  accountant  and  stenographer,  with  safe  and  records, 
and  for  mailing  clerk,  wuth  his  supplies  and  files.  The  prevailing  rental  in 
office  buildings  in  this  city  averages  from  $2  to  $3  per  square  foot.  If  this 
Society  rented  its  quarters  it  w^ould  have  to  pay,  therefore,  at  the  rate  of  about 
$3,000  per  annum  for  its  office  functions  only,  and  would  have  to  rent  a  hall 
for  its  meetings,  and  forego  its  library  and  its  public  functions  altogether.  To 
give  up  the  house  would  be  also  to  abandon  the  advantages  attaching  to  non- 
resident members  as  to  the  use  of  rooms,  and  to  forego  all  the  sentiment  and 
prestige  which  belong  to  the  ownership  of  a  house.  It  appears  to  the  Council 
so  greatly  to  its  financial  advantage  to  keep  on  in  the  present  way,  to  say 
nothing  of  the  imponderable  advantages,  that  there  can  be  but  one  conclu- 
sion. The  house  staff  requires  one  house  matron  and  superintendent  (whose 
duties  are  consolidated  with  those  of  assistant  librarian),  a  janitor  who  is  also 
the  fireman,  and  a  maid.  This  is  a  minimum  for  effective  ser%ace,  and  could 
not  be  reduced.  Their  w^age  is  at  the  prevailing  rate  for  such  w^ork,  as  de- 
tailed in  the  report  of  the  House  Committee.  If  an  interest  of  4  per  cent,  on 
the  equity  of  $52,000  be  added  to  the  operating  and  interest  cost,  the  total 
becomes  only  $4,306.03,  which  is  not  a  large  price  for  what  the  Society  re- 
ceives in  return. 

4.  Circular  Printing,  Meeting  Expenses,  Postage,  Miscellaneous. 

It  is  apparent  that  in  this  heading  alone  the  considerable  cut  must  be 
made,  if  the  efficiency  of  the  Society  i"?  not  to  be  seriously  impaired.  Accord- 
ingly, it  is  here  that  the  Executive  Committee  has  cut  it§   estimates   most 
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severely.  It  has  reduced  the  nunibcr  and  quality  of  its  catalogues;  it  has 
diminished  the  number  of  circulars  issued;  it  has  consolidated  the  transmittal 
into  a  less  number  of  inclosures;  it  has  increased  the  proportion  of  expense 
of  the  New  York  meetings  to  be  borne  by  local  subscrii)tion ;  it  has  cut  the 
use  of  return  juistal  cards  with  prepayments;  it  has  reduced  the  scope  of 
circularized    nali  rial. 

The  Council  would  call  attention  to  the  fact  that  salaries  and  house  charpes 
are  the  only  elements  of  expenditure  which  are  independent  of  the  size  of  the 
Society,  and  are  thus  truly  fixed  charjjes.  The  costs  of  publications,  of 
clerk  hire,  of  circulars,  of  postajje,  and  of  meetinfrs  prow  with  the  growth  of 
the  Society,  Mhile  the  only  independent  items  are  one-third  of  the  total  ex- 
pense. It  is  this  fact  which  explains  in  part  why  the  cost  of  the  Society 
should  increase  with  its  growth  in  members,  or  why  the  cost  per  member  does 
not  fall  so  ra|>idly  as  it  would  where  increased  output  was  not  accompanied 
with  increased  operating  expense.  (See  Table  in  Keport  of  Finance  Com- 
mittee.) 


APPENDIX   11. 

REPORT   OF   THE   LIBRARY   AND   HOUSE   COMMITTEE. 

To  the  Council  of  the  American  Society  of  Mechanical  Engineers  : 

Gentlemen:  The  Library  and  House  Committee  presents  the  following  re- 
port of  its  action  during  the  current  year: 

I.  The  library  has  been  open  every  day  between  the  hours  of  10  a.m.  and 
10  p.m. — excluding  Sundays  and  legal  holidays — except  evenings  in  the  month 
of  August.  The  additions  to  the  library  in  the  form  of  exchanges,  which  have 
been  received  as  the  equivalent  of  an  annual  volume  of  the  Society's  Transac- 
tions, have  amounted  to  $303. 

The  Committee  has  expended  for  the  purchase  of  books  and  for  the  binding 
of  periodicals  and  pamphlet  Transactions,  the  sum  of  $471.50.  There  has  also 
been  received,  from  dealers  purchasing  duplicate  volumes,  $40,  and  there  re- 
mains a  credit  to  the  Society  with  the  house  of  D.  Van  Xostrand  &  Co.,  on 
this  basis,  of  $287.80.  Since  December,  1901,  visitors  to  the  library  have  num- 
bered 1,500,  averaging  six  persons  a  day,  excluding  July  and  August,  when 
there  are  generally  few  persons  there. 

For  the  conduct  of  the  library  work  the  Committee  has  had  this  year  the 
services,  for  a  part  of  his  time,  of  Mr.  Arthur  L.  Rice,  assistant  to  the  Sec- 
retary, and  the  continuous  services  of  Miss  Thornton  as  librarian  and  cata- 
loguer. The  manuscript  of  the  card  catalogue  has  been  completed,  so  far  as 
the  book  titles  are  concerned,  but  by  reason  of  the  expense  involved  the  cata- 
logue has  not  been  printed  for  distribation.  The  number  of  volumes  in  the 
library  at  the  date  of  this  report  is  as  follows: 

Books    8,267 

Pamphlets    2,200 
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The  appraised  value  of  the  library  at  the  beginning  of  the  year  1902  was  placed 
at  $10,()()0,  this  being  the  mean  of  the  two  appraisals  which  are  appended  to 
this  report. 

IJ.  JJuring  the  fiscal  year  the  Finance  Committee  appropriated  for  the  needs 
of  the  house  the  sum  of  $5,191.40,  distributed  as  follows: 

For  operating   expenses $3,318  26 

For  interest  on  mortgage 1,402  50 

For  repairs  and  additions 470  64 

Total  $5,191  40 

The  receipts  on  account  of  room  and  hall  rentals  for  the  year  have  aggre- 
gated $2,493.83.  This  makes  net  cost  of  operating  house,  $824.43,  and  the 
total  cost,  exclusive  of  interest  on  equity,  $3,227.57.  The  Committee  directed 
the  renewal  of  paper  and  paint  in  certain  of  the  rooms  in  the  upper  part  of 
the  house,  and  repairs  to  the  side  walls  in  the  reception-room,  at  a  cost  of  $172, 
in  addition  to  other  ordinary  repairs  during  the  year,  amounting  to  $169.23,  of 
which  $07.16  was  caused  by  repairs  made  necessary  by  a  leak  in  the  roof,  and 
$25.73  by  repairs  to  a  water  connection  due  to  a  break  in  the  pipe  connections 
from  the  city  main  in  the  street,  leaving  $76.36,  which  has  been  expended  for 
other  repairs,  of  which  $49.70  was  for  painting  and  papering  in  the  fall  of  1901. 
The  expenditures  in  detail  have  been  as  follows: 

Interest  on  mortgage $1,402  50 

Gas  and  electric  light 547  59 

Fuel  247  25 

Janitor's   supplies 143  97 

Laundry  437  97 

Additions,  new  furniture,  etc 44  50 

Insurance  45  13 

Repairs  and  renewals,  house 340  00 

Repairs  and  renewals,  furniture 130  64 

Wages   1,740  00 

Incidentals    156  35 

Totnl,  exclusive  of  depreciations  on  furniture  and 

fixtures $5,235  90 

The  Committee  directed  the  purchase  of  two  tons  of  coal  in  April,  1902,  at 
$5.75  per  ton,  and  of  45  tons  in  May,  for  the  winter's  supply,  at  $5.25  per  ton, 
in  all  $236.25. 

The  House  Committee  employs,  for  the  conduct  of  the  house  and  library 
administration,  a  janitor  and  .his  wife  (at  $60  per  month),  and  has  the  services, 
for  part  of  the  time  each  day,  of  a  boy  (at  $45  per  month),  part  of  whose 
duties  are  connected  with  the  work  of  the  Society's  office. 

The  auditorium  has  been  used  during  the  year  for  the  meetings  of  the  In- 
stitute of  Electrical  Engineers,  of  the  Society  of  Naval  Architects  and  Marine 
Engineers,  of  the  American  Society  of  Heating  and  Ventilating  Engineers, 
and  for  certain  meetings  of  the  New  York  Railroad  Club,  and  for  occasional 


NKW    V(h;k    .mki:tin(j.  19 

meetings  of  scientific  societies  (such  as  tlie  Ethnogriipliic  Society),  the  receipt- 
from  tiiis  source  amounting  to  $415.  The  receii>t8  from  the  use  of  the  sleeping 
rooms,  on  the  upper  floors  of  the  house,  during  the  year  have  amounted  to 
$2,078.83. 

The  Committee  was  called  on  in  the  spring  to  report  to  the  Council  the 
amount  mIucIi  should  be  set  aside  each  year  for  library  purposes.  The  Com- 
mittee reported  that  in  their  opinion  the  sum  to  be  set  aside  each  year  for 
the  purpose  contem])lated  in  the  creation  of  the  account  designated  as  "  Li- 
brary Account "  should  be  about  $300.  In  view  of  the  fact  that  the  sum 
due  at  present  from  the  membership  in  the  form  of  dues  is  in  the  neiglibor- 
hood  of  $30,000  per  annum,  the  Committee  recommended  to  the  Council  that  it 
should  fix  the  percentage  of  such  dues  to  be  credited  to  the  library  fund  for 
the  present  year  at  1  per  cent.  Two  past  members  of  the  House  Committee 
were  requested  by  the  Finance  Committee  to  investigate  and  report  upon  the 
expenditures  made  in  the  past  for  repair  and  maintenance  of  the  Society's 
property.  The  report  of  such  past  members  of  the  House  Committee,  with 
their  recommendations,  is  appended  to  the  present  report. 

Respectfully  submitted, 

Library  and  House  Committee. 
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New  York,  February  20,  1902. 
977  Lexington  Avenue. 
Prof.    F.    R.   Hutton,   Secretary,   American  Society  of  Mechanical  Engineers^ 
\l  West  ^Ut  Street,  Neic  York  City  : 
Dear  Sir:     Acting  on  your  request   contained   in   your  letter   of  the   10th 
inst.,  I  have  the  honor  to  report   that  I  have   made  an  examination   of  the 
library  of  the  American  Society  of  Mechanical  Engineers,  finding,  as  a  result, 
about  7,600  volumes  and  2,000  pamphlets  on  its  shelves,  to  which  I  fix  a  value 
of  $14,000. 

In  general,  it  proved  to  be  a  well-selected  collection  on  mechanical  engineer- 
ing, with  the  more  important  recent  works  on  electrical  engineering.  The 
stress  laid  upon  complete  flies  of  the  technical  and  trade  periodicals  is  wise 
and  will  be  approved  by  workers  in  current  technical  research. 

Very  respectfully, 

H.  M.  Lydenberg. 


New  York,  March  3,  1902. 
Prof.  F.  R.  Hutton,  Secretary,  American  Society  of  Meclianical  Engineers,  New 
Tori-  City  : 
Dear  Sir:  Agreeably  with  your  request,  I  have  made  a  careful  examination 
of  the  bcoks  in  the  library  of  your  Society,  and  as  a  result  of  such  examina- 
tion, conclude  that  a  fair  valuation  of  same  would  be  eight  thousand  dollars 
($8,000). 
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I  would  remark  that  there  arc  in  the  library  many  incomplete  sets  of  serial 
publications,  the  missing  portions  of  which  can,  in  many  instances,  be  obtained 
at  nominal  cost,  and  if  obtained  would  add  materially  to  the  value  of  the 
library. 

I  would  be  glad  to  aid  the  library  in  the  matter  if  desired,  and  inclose  here- 
with bill  for  services  rendered,  and  am, 

Yours  very  truly, 

C.  E.  Speirs. 
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New  York,  April  12,  1902. 
To  the  Finance  Uommittee  of  the  American  Society  of  Mechanical  Engineers  : 

The  undersigned  Committee,  appointed  to  report  upon  the  past  expenditures 
of  the  Society  for  repair  and  maintenance  of  the  Society's  property,  and  also 
to  recommend  a  suitable  amount  to  be  set  apart  annually  for  such  expenditure 
in  the  future,  respectfully  reports  as  follows: 

1st.  From  the  statement  of  the  expenditures  of  the  Society  on  this  account 
for  the  past  ten  years,  furnished  by  the  Secretary,  it  will  be  seen  that  the  total 
amount  expended  during  that  period  was  $17,522.  This  includes,  as  per  the 
following  statement: 


1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 


Furniture 
and  Fixtures. 

Equipment. 

Repairs 

$261  99 

$246  72 

$189  33 

945  16 

451  50 

119  95 

642  43 

363  50 

15  29 

287  21 

336  78 

328  50 

848  88 

245  20 

338  73 

451  62 

423  41 

325  46 

656  07 

12  75 

672  21 

592  27 

62  25 

1,138  02 

614  25 

537  98 

317  66 

1,610  96 

Totals $5,617  54                     $2,142  11  $5,276  43 

Furniture  and  fixtures $5,617  54 

Equipment 2,142  11 

Repairs   5,276  43 


Total   $13,036  08 

Heating  and  ventilating 4,486  00 


Total   $17,522  08 

Certain  large  items,  namely  about  $4,500,  for  the  heating  and  ventilating 
apparatus,  about  $1,000  for  electric  wiring,  and  about  $500  for  the  construction 
of  store  closets,  are  not  at  all  likely  to  be  again  required. 
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2d.  Xfll^ing  into  account  the  above  figure,  it  appears  that  the  average  ex- 
penditure during  a  period  of  ten  years  has  been  $1,750  per  year.  Omitting 
the  above-nicnlioned  items,  we  consider  tliat  an  aj>])ropriation  of  $1,200  per 
year  will  be  suitable  for  the  maintenance  and  repairs  of  the  property. 

Respectfully  submitted, 

Jksse  M.   Smith, 
h.  ii.  suplee. 


APPENDIX   Y. 

REPORT   OF   THE    PUBLICATION    COMMITTEE. 

To  the  Council  of  the  American  Society  of  Mechanical  Engineers  : 

Gentlemen:  The  Publication  Committee  of  the  Society  has  been  giWng 
consideration  for  several  months  to  the  question  of  securing  greater  economy 
in  the  mechanical  work  of  printing  the  volume  of  Transactions.  The  ques- 
tion naturally  involves  two  issues. 

The  first  was  a  reduction  in  the  price  paid  to  the  present  printer,  by  an 
alteration  in  the  form  of  the  contract,  and 

Secondly,  the  procuring  of  bids  from  other  houses  capable  of  handling  the 
publishing  of  the  Society's  volumes. 

The  Committee  has  taken  steps  in  both  of  these  directions.  As  the  result 
of  the  first  procedure,  the  form  of  contract  with  the  present  house  has  been 
amended,  so  as  to  reduce  the  cost  of  a  typical  volume  of  the  Transactions  by 
a  sum,  which,  while  it  will,  of  course,  vary  with  the  size  of  the  volume,  is  likely 
to  be  for  an  average  volume  (such  as  volume  xxi.)  a  reduction  of  $2,300  in  the 
cost  of  the  yearly  volume. 

The  second  question  was  whether,  by  securing  a  contract  with  another  house 
doing  hand  composition,  it  would  be  possible  to  procure  more  advantageous 
terms,  or  whether,  by  substituting  the  type-setting  machine  for  hand-work, 
with  the  present  contractor  or  with  some  other,  it  would  be  possible  to  effect 
an  economy,  while  keeping  up  the  standard  of  the  volume  in  the  matter  of 
mechanical  excellence. 

It  should  be  recalled  that  the  requirements  of  the  Society  upon  its  print- 
ing house  are  exacting,  by  reason  of  the  fact  that  the  Society  practically 
issues  one-half  of  its  volume  at  high  speed  within  a  few  weeks  in  advance  of 
a  meeting,  and  then  holds  the  type  of  that  half  volume  standing,  while  the 
discussions  which  are  held  at  the  meeting  are  inserted  in  their  proper  places 
at  the  close  of  the  paper  to  which  they  attach.  This  means  that  the  type 
for  one-half  the  volume  must  be  completely  set  up  within  a  few  weeks,  and 
kept  locked  up  at  the  service  of  the  Society  for  a  period  which  averages  four 
months,  twice  a  year,  or  eight  months  of  the  entire  year.  The  Society's  work 
requires  also  the  use  of  mathematical  symbols,  subscript  letters,  and  the  dif- 
cult  work  of  setting  up  equations  and  tabular  matter,  which  is  not  possible 
by  the  type-setting  machine  method. 

It  was  found  that  several  of  the  largest  printing  houses  in  the  vicinity  did 
not  care  to  consider  the  undertaking  of  our  work,  by  reason  of  its  conditions 
with  respect  to  rapid  composition  and  locking  up  type,  and  for  others  the 
demand  for  type  was  beyond  their  capacity.      The  Secretary's  office  furnished 
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the  various  competitors  with  a  standard  specification  and  sample  volume  as  to 
standard  of  (juality,  using  volume  xxi.  for  this  purpose,  as  being  a  volume  of 
average  tyj)?.  'Jhe  eompcUng  linns  were  six  in  number,  and  the  result  of  their 
bids  reduced  to  a  comnion  standard  for  volume  xxi.  by  careful  computation 
give  the  liguros  shown  in  a  conlidonlial  appendix  of  this  report. 
It  was  the  opinion  of  the  Commitee — 

1.  That  the  ditlerence  in  price  for  hand- work  by  the  various  firms,  as  com- 
pared with  the  present  contract  with  the  house  of  J.  J.  Little  &  Co.,  did  not 
warrant  tiie  Conniiittce  in  recommending  a  change  to  any  of  these  houses; 
particularly  since  J.  J.  Little  &  Co.  agreed  to  set  such  papers  as  admitted  it  by 
machine,  and  give  the  Society  the  benefit  of  the  machine  rate  where  it  could  be 
applied. 

2.  The  question  then  was  as  to  the  acceptance  of  the  proposition  of  one  of 
the  approved  bidders  to  do  the  work  entirely  or  largely  by  the  type-setting 
machine  at  its  reduced  rate.  It  was  the  opinion  of  the  Committee  that  by 
reason  of  the  proportion  of  work  which  would  have  to  be  set  up  by  hand  in 
any  case,  the  expensive  character  of  corrections,  and  the  difBculty  connected 
with  them  (which  are  very  frequent  in  scientific  and  technical  articles  pre- 
pared under  the  strain  to  which  many  of  our  members  are  necessarily  put  when 
they  undertake  such  work),  and  the  uncertain  character  of  the  actual  saving 
for  these  reasons,  as  compared  with  the  computed  saving  in  advance  of  ex- 
perience, that  there  were  not  sufficient  reasons  to  induce  the  Committee  to 
recommend  a  change,  in  A'iew  of  the  inconvenience,  delays,  uncertainties,  and 
other  drawbacks,  which  would  be  the  unavoidable  consequence  of  making  a 
change  of  this  sort,  and  the  possibility  of  using  machine  processes  with  the 
present  cc^ntractcr,  Avherc  this  wcukl  \:e  of  ad\-antrcge  to  the  Society. 

The  Committee  therefore  recommends  that  for  the  present  there  should  be 
no  change  made  in  the  selection  of  the  Society's  printer,  but  that  the  Council 
approve  the  form  of  contract  with  the  house  of  J.  J.  Little  &  Co.,  on  the  basis 
of  which  the  economy  will  be  made  M'hich  is  referred  to  in  paragraph  2  of  this 
report. 

The  Committee  would  also  report  upon  the  conduct  of  the  current  work  of 
the  year  under  its  charge. 

The  appropriation  for  the  work  of  the  Committee  at  the  beginning  of  the 
year  was  distributed  as  folloMS.  and  under  the  following  lieadings.  The  amounts 
which  have  been  expended  for  the  volume  of  the  current  year  under  each  head, 
as  taken  from  the  Society's  accounts,  show  the  total  for  the  year  $7,920.  The 
round  figures  are: 

Advance    papers $1,250 

Revised  679 

Stenographer's    fees 255 

Engraving    324 

Composition  and  electrotyping 4,977 

Binding 108 

Boxing   plates 13 

Postage  and  expressage 194 

Storage,  including  insurance 120 

$7,920 
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The  Conimitlee  has  also  expended  on  aecount  of  work  cominj;  over  to  it  from 
its  previous  year  tlie  sum  of  $8,(100,  uuaking  the  total  casii  payincnls  for  the 
yvar  under  ils  dirciticn  .^l(i,r)2.'i.l(i. 

This  amount  rarried  forward  is  made  up  of: 


Pamphlet,  papers $!)2 4 

Engravin<,'    27U 

Composition  and  electrotyping 4,241 

Binding 1,058 

Boxing    plates 10 

Postage  1,0G8 

Storage  120 


$8,600 


In  comment  on  these  figures  the  Committee  would  direct  attention  to  the 
fact  that  the  reason  why  the  grand  total  exceeds  the  statements  which  have 
been  made  in  previous  years,  is  the  allotting  of  certain  expenses — such  as  the 
stenographer's  fees,  the  storage,  the  expenses  of  shipment — to  the  appropria- 
tion for  the  Committee's  work  instead  of  charging  these  either  separately  or 
as  part  of  the  office  expenses  of  the  Society,  as  prevailed  in  previous  years. 
Furthermore,  a  much  greater  elTort  has  been  made  this  year  to  bring  expen- 
diture for  publications  apportioning  itself  to  the  current  year,  into  the  items 
which  the  Committee  reports  in  that  year.  In  previous  years  less  effort  was 
made  to  secure  this  result,  so  that  items  chargeable  to  the  volume  of  a  given 
year  were  completed  and  paid  for  in  the  next  succeeding  year,  as  indicated 
above.  While  this  procedure  evened  itself  up  in  the  long  run,  the  definite  cost 
of  any  single  volume  was  not  so  easy  to  reach,  as  under  the  present  system. 

The  Committee  did  not  consider  that  it  had  been  instructed  by  the  Society 
or  the  Council  to  curtail  its  operations  with  respect  to  accepting  desirable 
papers,  but  only  to  pursue  a  policy  of  retrencliment  in  the  matter  of  expen- 
sive tabular  matter,  elaborate  illustrations,  and  sim'lar  mechanical  detail.  The 
volume  of  the  current  year  contains  900  pages,  but  the  Committee  has  had 
to  pay  for  the  work  of  setting  up  and  issuing  the  report  of  the  Committee 
on  Conducting  Engine  Trials,  which  is  not  made  a  part  of  the  current  volume, 
and  will  not  be  incorporated  into  a  volume  until  the  Society  has  taken  action 
upon  the  work  of  the  Committee  and  releases  it.  For  this  reason,  and  because 
of  the  infusion,  by  the  new  system  of  accounting,  into  the  expenses  of  the 
Trnnsactions  of  certain  items  which  in  previous  years  have  been  charged  up 
to  "  general  expense  "  in  the  office  routine,  the  Committee  was  compelled  to 
exceed  its  owm  estimate  of  the  sum  which  should  properly  belong  to  the  w^ork 
of  the  Committee. 

By  reason  of  the  different  methods  of  accounting  in  the  various  societies,  the 
Committee  is  not  confident  that  in  the  investigation  which  it  conducted  as  to 
the  relative  cost  of  the  publications  in  this  Society  and  in  two  of  its  kindred 
societies,  it  was  able  to  present  a  fair  comparison.  Subject  to  this  uncertainty 
the  Committee  would  present  for  record  the  result  of  computations  covering 
the  last  five  years,  in  the  following  table  taken  from  published  reports: 
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Relativk  Cost  of  Publications. 

Year                           Civil  Kii'.'int'crs.                Miiiin;:  Kii<^iiiccrs.  Mechanical  Engineers. 

189C    $8,7G3  38  $9,212  00  

1897    8,450  00  10,592  00  

1898    11,000  00                         11,447  00  $10,973  00 

1899    10,723  00                           9,475  00  9,043  00 

1900    14,843  00                         11,582  00  12,798  00 

1901    13,554  00  12,740  00 

Respectfully  submitted, 

Publication  Committee. 
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REPORT   OF   THE    EXECUTIVE    COMMITTEE. 

The  Executive  Committee  of  the  Council  has  been  intrusted  by  that  body 
with  special  oversight  with  respect  to  the  expenditures  in  the  Secretary's  office, 
which  do  not  attach  themselves  directly  to  the  work  of  any  of  the  stated  com- 
mittees. The  items  which  fall  under  the  headings  of  such  expenditure,  in  this 
group,  and  the  amounts  attaching  to  each  are  as  follows: 

Certificates  and  introduction  cards $172  25 

Badges,  expenses  of  distribution 21  33 

Circulars 1,607  20 

Meetings  1,049  62 

Catalogues 1,250  98 

Office  accounts,  exclusive  of  salaries 1,444  92 


The  title  "  certificates  and  introduction  cards "  refers  to  the  expenditure 
connected  with  the  printing,  engrossing,  and  distribution  of  the  diplomas  of 
membership,  and  the  introduction  cards  which  are  given  by  the  Society  to 
each  member  when  his  initiation  fees  are  paid.  It  will  be  apparent,  therefore, 
that  this  item  will  vary  each  year  with  the  number  of  members  joining  the 
Society,  since  the  expense  connected  with  each  diploma  and  card  is  a  definite 
sum  for  each.  Similarly  the  expenditure  for  badges  in  the  Secretary's  office 
is  the  expenditure  connected  with  distribution  only,  since  the  Society  orders 
these  badges  from  a  jeweller,  and  they  are  billed  to  the  members  at  the  jeweller's 
price. 

Under  the  head  of  "  Circulars  "  the  Committee  has  grouped  the  expenditure 
of  each  year  into  three  headings.  These  headings  are  called  "  admission  cir- 
culars "  ($429.70),  "circulars  in  connection  with  the  meetings"  ($705.55),  and 
"general  circulars"   ($471.95).     The  expenditure  covers  the  printing  and  the 
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postage  or  expenses  of  distribution.  The  effort  is  made  wherever  possible  to 
ciononiize  the  jmstage  by  grouping  tlicse  circulars  into  a  single  inclosure,  even 
if  by  so  doing  the  risk  is  made  that  the  varied  character  of  the  contents  of  the 
package  will  fail  to  attract  the  attention  of  the  members.  Tiie  "  admission 
circulars "  cover  application  blanks,  various  confidential  circulars  of  inquiry 
concerning  candidates;  the  posting  lists  and  the  professional  service  sheets  for 
the  information  of  voters,  and  includes  all  expenses  for  postage  in  connection 
there^\ith.  The  "meeting  circulars"  cover  programmes,  the  preliminary  notice 
of  meetings,  the  printed  register  of  members  in  attendance,  and  all  minor  print- 
ing exclusive  of  the  professional  papers  which  belong  to  the  two  semi-annual 
conventions.  Under  the  general  head  are  grouped  all  circulars  of  an  occasional 
or  special  sort.  This  year  there  have  been  very  few  such  circulars  issued  out- 
side of  the  six  Kfn/Jot/rrs  Bui!  fins  except  the  pamphlet  covering  a  financial 
report  and  statement  with  recommendations,  which  was  sent  to  the  membera 
in  advance  of  the  Boston  Meeting,  costing  over  $100. 

It  will  be  of  interest  for  the  Committee  to  say  that  something  over  250  per- 
sons have  been  brought  into  contact  with  the  professional  opportunities  through 
the  BdUcfi/ts  and  something  over  150  employers  in  search  oi  men  have  had  their 
needs  made  known.  The  volume  of  correspondence  incident  to  these  400  en- 
gagements is  at  least  three  times  that  of  the  number  of  persons  or  positions 
affected.  In  the  opinion  of  the  Committee  this  undertaking  is  decidedly  worth 
while,  and  has  been  the  means  of  bringing  into  touch  with  the  Society,  mem- 
bers who  will  add  to  its  strength  and  importance.  It  will  be  apparent  also 
that  the  expense  connected  with  these  headings  will  increase  each  year  with 
the  growth  of  the  Society. 

Under  the  heading  "  meetings "  comes  the  expense  in  connection  with  the 
two  semi-annual  meetings  which  are  not  included  under  the  expenses  of  print- 
ing and  circulars.  These  cover  those  expenses  in  connection  with  the  annual 
meeting,  recurrent  each  year  in  New  York  City,  which  are  not  borne  by  in- 
dividual subscription  of  the  local  membership.  They  cover  also  the  expenses 
of  the  button  badges,  numbered  tags,  and  the  travelling  expenses  of  the  So- 
ciety's officers  in  attendance  on  the  conventions. 

Under  the  expenses  of  "  catalogues  "  is  included  the  composition,  press  work, 
paper,  and  postage  for  the  two  issues  of  the  catalogue  of  the  Society.  The 
first  of  these,  which  is  the  alphabetical  list,  is  issued  at  the  beginning  of  the 
calendar  year,  for  desk  use,  and  the  second  is  issued  during  the  summer  with 
the  members  grouped  geographically,  in  an  edition  small  enough  to  be  con- 
veniently carried  in  the  pocket.  This  summer  edition  contains  the  corrections 
of  address  which  have  been  received  during  the  preceding  six  months,  and  the 
additions  to  the  roll  of  the  Society  by  election  since  the  previous  issue. 

The  two  catalogues,  therefore,  are  not  in  agreement.  So  great  is  the  number 
and  volume  of  the  changes  of  address  during  the  six  months'  period  between 
catalogues,  that  either  issue  is  practically  valuleless  by  reason  of  its  inaccuracy 
by  the  time  the  next  one  appears.  The  large  catalogue  costs,  with  postage,  a 
little  less  than  $700,  and  the  small  catalogue  a  little  over  $500.  Both  of  these 
catalogues  were  set  up  by  the  type-setting  machine.  They  are  freely  issued  to 
members  and  others,  on  demand,  since  it  has  been  the  opinion  of  the  Committee 
that  they  are  to  be  treated  as  a  species  of  advertising  literature,  and  have  a 
distinct  use  in  bringing  additional  members  into  the  Society.  For  this  reason 
the  edition  of  each  issue  is  made  about  3,000.  This,  again,  is  an  expense  which 
will  increase  directly  w4th  the  growth  of  the  Society  in  numbers. 
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Under  "  Office  Account  "  the  Committee  includes  salaries  in  the  oflfice  and 
the  •^cnoral  expenditure  for  Die  conduct  of  its  business,  Tiie  salaries  are  as 
(ollows: 

[Secretary    $3,G00 

Assistant  to   Secretary 2,400 

Accountant  and  assistant  to  Treasurer 2,000 

Steno<Trapher  720 

Mailing  clerk 720 

It  IS  the  opinion  of  the  Committee,  after  careful  investigation  of  the  volume 
of  business  which  passes  through  the  Society  office  during  the  year,  that  no 
reduction  of  oflice  force  could  be  practicable  and  have  the  business  of  the  So- 
ciety gotten  out  on  time.  The  distribution  of  duties  is  such  that  each  depart- 
ment requires  the  full  time  of  the  subordinate  officer  intrusted  with  it. 

it  may  be  of  interest  for  the  Committee  to  put  on  record  the  results  of  an  in- 
vestigation as  to  the  amount  exrended  for  salaries  in  its  kindred  societies  dur- 
ing the  last  five  years,  as  derivable  from  their  published  reports.  The  table  (in- 
cluding all  officers  of  the  Society  and  wages  of  employes)   is  as  follows: 


Year.  Civil  Engi- 

neers. 

1896  $11,645 

1897  11,331 

1898  12,826 

1899  15,856 

1900  16,282 

1901  16,022 


Mining  Engi- 

Mechanical 

neers. 

Engineers. 

$9,994 

$7,384 

9,694 

7,945 

11,144 

8,045 

11,197 

8,529 

11,984 

8,933 

13,340 

11,780 

The  expenditure  for  stationery  in  the  Secretary's  office,  and  the  necessary 
printing  for  the  correspondence,  together,  has  amounted  during  the  year  to 
$390.  The  expenditure  for  postage,  exclusive  of  such  items  as  are  specifically 
(barged,  has  been  $550,  and  is  mainly  for  the  office  correspondence  and  for  the 
biijiiness  connected  with  the  collection  of  dues.  It  will  be  apparent,  again,  that 
US  the  Society  grows  in  size  both  of  these  items  must  increase  in  direct  ratio. 

Under  the  head  of  "  Supplies  "  the  office  has  purchased  during  the  year  an 
addressing  machine,  with  a  view  to  reducing  the  expenditure  of  time  and  money 
in  connection  with  the  very  considerable  mail  issues  which  go  out  each  year. 
It  may  be  of  interest  for  the  Committee  to  say  that  in  any  one  year  there  is  a 
minimum  of  seven  full  sets  of  addresses  prepared,  covering  the  entire  member- 
ship, and  that  in  addition  the  ordinary  volume  of  a  year's  business  covers  a 
minimum  of  transmittals  through  the  Secretary's  office  of  43,000  units.  In 
ordinary  years  this  is  more  likely  to  exceed  50,000. 

Respectfully  submitted. 

Executive  Commtttee. 
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New  Youk,  Marclj  19,  1902. 
Prof.  F.  li.  Hutton,  Senrfxn/.  I'i   Wrst  lUst  Street,  Aew  York  City  : 

Dear  Sir:  Inclosed  we  send  you  our  report  as  an  Appraisement  Coniniittce 
upon  the  property  at  12  West  'J'hiry-first  Street,  which  we  request  you  to  pre- 
sent at  the  next  meeting  of  the  joint  Executive  and  Finance  Committees,  to- 
getiier  with  the  accompanying  estimates  which  have  been  made  at  our  request 
by  persons  competent  to  make  appraisements. 

Very  truly  yours, 

Jesse  M.  Smith, 

H.    H.     SUPLEK. 


REPORT. 

The  undersigned  were  appointed  by  the  Executive  and  Finance  Committees 
to  act  as  a  special  committee  to  report  on  the  value  of  the  real  estate  of  the 
Society  and  the  property  contained  in  the  house  No.  12  West  Thirty-first  Street. 
They  would  present  their  report  as  follows: 


T. 

The  property  at  No.  12  West  Thirty-first  Street  falls  naturally  into  four 
groups: 

1.  The  house  and  lot. 

2.  The  library. 

3.  The  stock  of  Transactions  of  the  Society. 

4.  The  office  and  household  furniture. 

It  was  the  intention  of  the  Committee  to  have  more  than  one  estimate  or 
appraisal  made  in  each  subdivision,  and,  if  possible,  to  obtain  three.  This 
has  not  been  possible  in  all  cases.  The  Committee  has  obtained  the  services  of 
the  best  available  experts,  and  would  base  its  recommendations  upon  the  re- 
ports of  these  experts,  which  are  appended  to  the  report  of  the  Committee. 


n. 

With  respect  to  the  real  estate,  the  Committee  would  say  that  Messrs  H.  H. 
Cammann  and  Charles  S.  Schuyler  have  made  independent  estimates,  and  have 
valued  the  Society's  holdings  at  $80,000.  A  third  estimate  at  $90,000  has  been 
furnished  by  Mr.  S.  W-".  Baldwin,  as  the  result  of  a  conference  with  four  real 
estate  men  of  experience  in  this  neighborhood.  A  fourth  estimate  of  $90,000, 
is  based  upon  a  sale  at  Xo.  14  East  Thirty-first  Street,  which  changed  hands, 
at  the  rate  of  $3,000  per  lineal  foot  of  front  face,  and  it  is  the  opinion  of  ex- 
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ports  that  property  west  of  the  avenue  always  commands  a  higher  rate  than 
on  llie  east  side.  The  Society's  lot  at  No.  12  West  Thirty-first  Street  has 
28j^  ieet  front.  It  is  the  opinion  of  your  Committee,  therefore,  that  its  value 
is  in  excess  of  $85,000,  and  would  report  that,  in  its  opinion,  its  value  should 
be  placed  at  $85,000.  The  custom  in  ihis  city  and  its  neighborhod  is  to  give 
no  value  to  the  house  when  land  is  bought  and  sold. 


in. 

The  library  of  the  Society,  located  on  the  second  floor  of  the  building,  has 
been  appraised  by  Mr.  H.  M.  Lydenberg,  who  is  an  assistant  to  Dr.  Billings,  who 
is  at  the  head  of  the  New  York  Public  Library.  A  second  appraisal  was  made 
by  Mr.  C.  E.  Speirs,  who  is  the  active  man  in  the  firm  of  D.  Van  Nostrand  & 
Co.  The  Committee  was  unable  to  secure  the  services  of  a  third  competent 
expert. 

The  value  assigned  by  Mr.  Lydenberg  is $14,000 

The  value  assigned  by  Mr.  Speirs  is 8,000 

The  Committee,  therefore,  recommend  that  the  present  value  of  the  library  be 
considered  to  be  $10,000.  This  appraisal  does  not  cover  the  permanent  fixtures 
such  as  shelves,  or  furniture,  but  applies  to  books  only. 


IV. 

With  respect  to  the  value  of  the  stock  of  volumes  of  the  Society's  Trans- 
actions, the  Committee  finds  that  the  average  cost  of  reproduction  in  an  edition 
of  250  copies,  will  make  the  cost  of  replacing  a  single  volume,  in  paper  binding, 
amount  to  $1.10.  It  is  the  opinion  of  the  Committee  that  as  the  years  go  by 
and  the  volumes  become  antiquated  as  records  of  engineering  achievement, 
their  inventory  value  should  be  diminished  by  ten  cents  per  annum  per  volume, 
so  that  at  the  end  of  eleven  years  its  inventory  value  should  disappear. 

On  this  basis,  of  the  5,271  volumes  in  stock,  only  2,794  volumes  would  be 
inventoried.  On  the  basis  of  the  foregoing  valuation  this  stock  would  have  a 
value  of  $1,786,  the  earlier  volumes  being  considered  to  have  no  inventory 
value.  The  Committee  has  similarly  considered  that  the  stock  of  pamphlets 
of  separate  papers,  which  is  considerable,  has  no  inventory  value. 


V. 

With  respect  to  the  lurniture  m  tne  nouse,  your  Committee  has  divided  it 
into  two  groups,  which  it  has  designated  as  office  furniture,  and  belonging  to 
the  conduct  of  the  Society's  general  work;  and  into  household  furniture,  which 
includes  the  specific  equipment  of  the  house  for  other  purposes.  The  value  of 
the  office  furniture  is  estimated  at  $736.50;  the  value  of  the  household  furni- 
ture is  called  $562.75;  making  a  total  valuation  of  both  groups  $1,299.25,  ac- 
cording to  this  appraisement. 
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VI. 


The  Committee  summarizes  its  findings  as  follows: 

1.  The  house  and  lot $85,000 

2.  The  library 10,000 

3.  The  stock  of  Transactions 1,780 

4.  Office  and  household  furniture 1,300 


$98,086 
All  of  which  is  respectfully  submitted, 

Je88E  M.  Smith, 

h.  h.  supplee. 
March  19,  1903. 


New  York,  January  20,  1902. 

Mr.  F.   R.  Hattoti,  Secretary  Aynerican  Society  Mechanical  Engineers,  12  West 
Z\st  Street,  J^ew  York  City  : 

My  Dear  Sir:  I  beg  to  acknowledge  receipt  of  your  letter  of- January  18th. 
In  regard  to  the  value  of  the  building  and  lot,  we  appraise  it  at  $80,000.    If 
this  appraisal  is  for  you  personally,  there  will  be  no  charge  for  it  from  us. 
With  kind  regards,  very  truly  yours, 

Chaules  E.  Schuyler  &  Co. 


P.  S. — I  have  inquired  among  several  friends  who  are  operating  in  this  sec- 
tion, and  they  believe  it  to  be  a  fair  and  conservative  valuation  of  the  property. 

Very  truly  yours, 

Charles  E.  Schuyler  &  Co. 
Per  M. 


New  York,  January  13,  1902. 
F.  R.  Hutton,  Esq.,  Secretary,  12  West  ^Ist  Street  : 

My  Dear  Sir:  Your  favor  of  the  11th  inst.  is  received.  The  property  belong- 
ing to  your  Society  on  Thirty-first  Street  is  probably  worth  about  $75,000  to 
$80,000,  considered  as  a  marketable  piece  of  property.  Of  course  conditons  of 
adjoining  ownership,  where  parties  specially  desire  your  premises,  might  enable 
you  to  get  a  considerably  higher  figure,  and  in  the  same  way  something  in- 
jurious adjoining  your  premises  might  make  it  worth  less;  but  considered 
merely  as  an  independent  piece  of  property,  we  think  the  value  that  we  have 
given  would  be  approximately  correct. 

Yours  truly, 

H.  H.  Cammaxx. 


80  rUOCKKDliNUS    OF    THE 

New  Yokk,  January  20,  1902. 

F.  11.  Ilutton,  Esq.,  Secretary,  12  West  31 ««  Street  : 

My  Dear  Sir:  Your  favor  of  the  18th  inst.  is  received.  The  value  which  we 
placed  upon  No.  12  West  Thirty-first  Street  covered  the  land  and  the  building. 
The  building  practically  has  not  very  nnich  value,  although  it  might  enable  a 
purchaser  to  get  rent  from  the  property  for  a  few  years  in  case  he  did  not  desire 
immediately  to  build  on  the  lot. 

Yours  truly, 

H.  H.  Cammann.  . 


New  York,  January  22,  1903. 

Mr.  Jesse  Smith,  St.  Paul  Building,  New  York,  N.  T.: 

Dear  Sir:  Eeferring  to  the  valuation  of  the  Thirty-first  Street  property,  I  am 
advised  by  a  real  estate  friend^  that,  in  his  judgment  and  that  of  three  of  his 
friends  who  are  familiar  with  property  in  that  vicinity,  that  it  is  worth  $90,000. 
He  says  three  25-foot  lots  have  recently  been  sold  in  the  street  for  $75,000 — or 
$25,000  per  lot;  that,  in  his  judgment,  the  value  will  gradually  increase. 

Yours  truly, 

Stephen  W.  Baldwin. 


APPENDIX    YIII. 

REPORT    OF   THE    FINANCE    COMMITTEE. 

The  Finance  Committee  respectfully  present  the  following  financial  statements 
designated  as  Sheets  A,  B,  and  C,  which  have  been  examined  and  approved  by  a 
chartered  public  accountant.  They  present  also  a  series  of  computations  show- 
ing the  cost  per  paying  member  from  1894  to  1902,  and  an  estimate  of  the  prob- 
able receipts  and  expenditures  for  the  ensuing  fiscal  year. 

Respectfully  submitted. 

Finance  Committee. 
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PKOCEEDINGS   OF    TJIE 


'I1i(>  Coiiiicil  lias  jilso  taken  action  since  the  first  draft  of  tlie 
rc^port  oil  IIk'  lol lowing"  (pic^stions: 

TIh^  Coinniittoe  provided  for  by  resolution  at  tbe  r>oston  Meet- 
iiii;-  to  considei*  and  i'(^])ort  upon  the  (juestion  of  Standard  J*ro- 
poi'tions  for  jMachine  Screws,  from  seven -sixteenths  of  an  inch 
downwai'ds,  has  been  chosen  by  the  Council  and  consists  of 
Messrs.  Wilfred  Lewis,  Chairman,  George  M.  Bond,  II.  K. 
Jones,  John  Iliddell,  George  R.  Stetson,  and  C.  C.  Tyler.  The 
Council  has  given  favorable  consideration  to  the  proposition  for 
a  Committee  on  Standard  Specifications  for  Steel  Forgings  and 
Steel  Boiler  Plate.  This  Committee  was  later  appointed  to  con- 
sist of  Messrs.  II.  W.  Spangler,  Chairman,  E.  S.  Cramp,  Wm. 
Kent,  Geo.  S.  Morison,  and  Arthur  M.  Waitt. 

The  Council  has  acted  on  the  request  from  a  Committee  on 
Organization,  who  had  been  engaged  in  elaborating  the  details 
for  the  award  of  a  gold  medal  for  conspicuous  achievement  in 
science  or  industry,  as  a  memorial  of  John  Fritz,  Honorary 
Member  of  this  Society  and  a  Past  President.  Tbe  organization 
provided  that  this  award  shall  be  made  each  j^ear  by  a  Commis- 
sion or  Board  of  Award,  who  shall  also  be  Trustees  of  the  medal 
fund.  This  Board  is  to  consist  of  sixteen  members,  four  chosen 
by  each  of  the  four  national  engineering  societies  now  in  exist- 
ence, and  with  terms  of  office  such  that  the  term  of  office  of  one 
member  of  each  group  shall  expire  at  the  end  of  each  year. 
Under  the  provisions  of  this  organization,  the  Council  of  this 
Society  has  appointed  the  following  members  of  this  Board: 

S.  T.  Wellman,  to  serve  for  four  years, 
Robert  W.  Hunt,  to  s^r^^e  for  three  years, 
John  E.  Sweet,  to  serve  for  two  years, 
Gaetano  Lanza,  to  serve  for  one  year. 


The  Council  has  also  directed  the  Secretary  to  proceed  to  carry 
out  the  details  for  the  holdino^  of  monthlv  reunions,  durins"  the 
coming  winter,  in  'New  York  Cit}^,  for  the  discussion  of  papers 
and  topics  of  engineering  interest. 

By  direction  of  the  Finance  Committee,  the  accounts  as  pub- 
lished in  the  statements  of  the  Finance  Committee  and  the  So- 
ciety's accountant,  have  been  scrutinized  by  a  chartered  public 
accountant,  and  the  firm  of  Sargent,  Page  &  Taylor,  who  have 
performed  this  duty,  and  have  certified  to  the  correctness  of  the 
statement  as  printed  in  the  report  of  the  Council.     After  the 
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readiiiii'  <>J^  tl><^  K('])ort  of  tlio  Council,  llic  iicijorl  of  tlui  'rcilci-s, 
a.|)|)<>i?il(Ml  lo  scvutiiu/.e  tlu*  Imllols  loi'  iiKMiiixTs,  cast  in  a<lv:inc(i 
(^f  tlic  iiicctiiii^.   \\;is  |)rcs<Mltc(l  MS  follows: 


Adams,  Mdward  M. 
liackliii,  Axel  V. 
liayl(>y,  W.  1). 
lit'inard,  .lanics  Ti. 
Bohiiul,  IVed'k  A. 
Brott,  Homy  E. 
Brown,  J.  Grove 
Brown,  Jno.  J. 
I^roAAii,  Jno.  L. 
Bryant,  Frank  J. 
Carew,  C.  J. 
Conistock,  L.  C. 
Cotton,  Geo.  G. 
Dalton,  Wm. 
Davenport,  E.  W. 
Dawes,  H.  N. 


Bailey,  Chas.  L. 
DaAds,  Robert  G. 


Barbour,  Geo.  H. 
Chalmers,  W.  J. 
Emerson,  R.  W. 


As  .Mh.mi!i:u.s. 

Dcr.amalcr,  ( ).  \l. 
I)()U|j;hty,  A.  .1. 
Emmet,  Wm.  L.  R. 
Enf!;lish,  Wm.  T. 
Ferguson,  H.  A. 
Fitch,  C.E. 
Flint,  Walter 
Gates.  P.  W. 
Gazzam,  Jos.  P. 
Gifford,  R.  L. 
Hills,  Burton  U. 
Hunt,  Chas.  B. 
Hurd,  Chas.  H. 
Jackson,  W.  W. 
Keyes,  Fredc.  H. 
Lemon,  Jno.  C. 
Lepper,  Jno.  G. 


Mcdrcgoi-,  Jii<».  A. 
M(  \airy,  A.  H. 
Moore,  .Mien  H. 
Morlord,  Tlios.  H. 
Pennington,  .la.s.  H. 
Piatt,  WilherO. 
R()l)l),  Aubrey,  (1. 
Roe,  Joseph  W. 
Sherman,  M.  H. 
Sponsel,  C.  W. 
Stevens,  Jno.  A. 
Stott,  H.  G. 
Thurston,  Geo.  H. 
West,  Arthur 
Witte,  Herman  F. 
Wood,  Wm.  H. 


Promotiox  to  Full  Membership. 


Morgan,  R.  L. 
Rice,  Arthur  L. 
Sangster,  Wm. 

As  Associates. 

Gaehr,  Da\  id 
Hill,  Alfred  J. 
Humphreys,  Walter 
Hurlburt,  A. 


Shallenberger,  T>.  R. 
Torrance,  Henry,  Jr. 


Kellemen,  H.  F. 
Sachers,  R.  J. 
Williamson,  L.  A. 


Promotion  to  Associate  Membership. 
Boyer,  Edwin  S.  Powell,  E.  H. 


Ahrnke,  H.  P. 
Bain,  Benj.  F. 
Baldwin,  J.  E. 
Beall,  F.  F. 
Brissel,  Frank  M. 
Brisley,  E.  B. 
Eberhardt,  H.  J. 
Eicks,  Carl  F. 
Fennell,  Benj.  C. 
Gordon,  Rea  M. 
Hale,  Fred'kJ. 


As  Juniors. 

Higgins,  Jno.  W. 
Huning,  Arno  E. 
Ireland,  M.  G. 
Isham,  Henry  S. 
Kerr,  Eugene  W. 
Latta,  ISI.  Nisbet 
Lewman,  Everett  A. 
Lindquist,  E.  W. 
Lodetti,  F.  E. 
MacKenzie,  D. 
Major,  Chas.  C. 


Pendleton,  Frank  E. 
Perry,  Frank  B. 
Richardson,  H.  S. 
Ruckes,  Jos.  J.,  Jr. 
Swanberg,  F.  L. 
Taylor,  F.W.,  Jr. 
Yan  Home,  J.  R. 
Wales,  R.  A. 
Williamson,  A. 
Young,  Chas.  D. 
Young,  Jno.  M. 
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REPOR'J'  OF  TELLERS. 


'1^1 


li('  undc^rsigned  were  appointed  a  Committee  of  the  Council 
to  net  jis  Tellers,  under  Article  1 1  of  the  Kules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  candidates  proposed  for 
nuMJihei'liij)  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLVIth 
meeting,  New  York,  11)02. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  ])roceeded  to  the  discharge  of  their  duty. 
They  would  certify  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons,  w^hose  names 
a})])ear  on  the  appended  list,  in  their  several  grades. 

There  are  49  members  elected,  10  associates  and  33  juniors, 
making  a  total  increase  of  92  names. 

There  were  482  blue  ballots  cast,  of  which  3  were  thrown  out 
because  of  informalities.  The  tellers  have  considered  a  ballot  as 
informal  which  Avas  not  endorsed. 

Charles  H.  Corbett,  ) 

D.  S.  Jacobus,  >  Tellers  of  Election. 

A.  M.  Waitt.  ) 

This  report  was  received  and  ordered  on  file. 

The  Chair  then  called  for  the  Committee  on  Rules  and  Meth- 
ods, appointed  at  the  Boston  Meeting.  This  report  was  pre- 
sented by  Mr.  Charles  Wallace  Hunt,  its  Chairman. 

Mr.  Hunt. — ^Your  Committee  has  had  the  subject  referred  to, 
under  consideration  since  the  general  meeting  in  Boston,  and 
have  made  a  preliminary  draft  of  Constitution  and  By-Laws, 
which  they  still  have  under  consideration.  They  present,  there- 
fore, the  following  as  a  preliminary  report. 

REPORT    OF    THE    COMMITTEE    ON    RULES    AND    METHODS,  A.S.M.E. 

The  Committee  on  "  Rules  and  Methods  "  begs  leave  to  report 
that  immediately  after  its  appointment  at  the  Boston  Meeting  of 
the  Society,  a  meeting  of  the  Committee  was  held,  and  circular 
letters  were  sent  out  to  the  members,  asking  for  such  suggestions 
as  would  assist  the  Committee  in  the  Avork  of  revising  the  Rules 
and  Methods  of  the  Society.  The  summer  vacation  season  pre- 
vented other  meetings  being  held  until  the  seventh  of  October. 
At  this  meeting  there  were  twenty-six  communications  and  sug- 
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^('stions  iTlatiii<4'  to  the  woik  of  the  ( "oininittcc,  in  r('|>lv  to  the 
cii'dilar  l(^tt<M'  sent  out  in  June.  As  sonK3  of  tli(3  corrcispondcMits 
w  islu'd  to  .•i])|)('M!'  iK'Tore  tlic  ( 'oinniitttM^  in  porson,  ;i  sju'cijil  inoct- 
inii- <>r  the  ( 'onnnittec  was  held,  and  several  nuMnbers  appcarccl 
and  presented  oral  explanations  of  the  changes  in  the;  Jiiilcs, 
w  liic-h  tliey  had  suiifti^ested. 

The  meetings  of  the  Committee  whieli  have  been  held  since 
have  been  employed  in  rearranging  the  order  of  the  picsent 
Rules  of  the  Society,  and  formulating  clauses  or  sections  to  em- 
body such  additicms,  changes  or  rules  as  immediately  commended 
themselves  to  the  ( 'ommittee. 

A  very  thorough  examination  of  our  present  Rules  has  been 
made.  These,  with  such  self-evident  verbal  or  other  chancfes, 
have  been  typewritten  in  a  convenient  form  for  further  consid- 
eration, but  there  are  important  points  Avhicli  have  been  left  for 
more  careful  consideration  bv  the  Committee,  as  it  was  thouiiht 
best  to  devote  whatever  time  was  then  available  to  the  consider- 
ation of  the  general  phraseology  and  arrangement  of  the  Con- 
stitution; and  when  this  had  been  ap])roxinuitely  completed,  to 
then  take  up  a  discussion  of  those  inij^ortant  matters  which  we 
now  wish  to  bring  before  this  meeting. 

The  Committee  desires  to  ascertain  the  wishes  of  the  member- 
ship of  the  Society  in  relation  to  several  subjects  hereafter  enu- 
merated. Its  object  is  to  embody  perfectly  in  the  draft  of  the 
Constitution  the  wishes  of  the  majority  of  the  members  of  the 
Society,  so  far  as  they  can  be  ascertained  by  correspondence,  by 
conference  and  the  discussions  at  the  present  meeting  which  we 
hope  will  be  especially  helpful  in  reaching  a  conclusion  on  the 
various  points  on  which  the  Committee  seeks  light. 

Query  Xo.  1. 

Shall  the  dues  paid  by  Juniors  increase  from  year  to  year  until  they  reach  the 
same  amount  as  those  of  Associates  or  ^lembers  ? 

Query  Xo.  2. 

Shall  the  Society  have  Life  Members?  If  so,  shall  the  fee  be  increased?  If  the 
fee  be  increased,  shall  it  be  the  same  for  all  ages,  or  shall  there  be  a  provision  that 
younger  persons  pay  a  larger  amount  than  the  older  ones  ? 

Query  Xo.  3. 

How  many  adverse  vot^s  shall  defeat  the  election  of  a  candidate  for  member- 
ship in  the  Society  ?  If  a  second  ballot  be  taken,  how  many  adverse  votes  shall 
then  defeat  an  election  ? 
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Query  No.  4. 
Shall  llic 'rrcMsun'rlx' a  nKMiibcr  of  1  lie  Council  ol' the  Society  ? 

Qtiiouy  No.  .5. 

Shall  the  Past  Presidents  continue  to  be  nienihers  of  the  Council?  If  tlu'y 
remain  in  the  Council,  shall  all  or  only  a  limited  number  remain? 

Query  No.  6. 

HoAv  many  members  should  constitute  a  quorum  at  the  Annual  Meetings  of  the 
Society  ? 

Query  No.  7. 

Shall  the  Constitution  of  the  Societ}'  prohibit  the  endorsement  of  commercial 
or  other  schemes  or  standards? 

Query  No.  8. 

Shall  the  Constitution  of  the  Society  give  power  to  the  Council  to  permit  the 
organization  of  sections  or  groups  of  members  of  the  Society  for  professional 
meetings — these  groups  to  be  either  geographical  or  professional  as  the  circum- 
stances require  ? 

A  complete  review  of  all  matters  under  discussion,  relating  to 
the  Rules  and  Methods  of  the  Society,  requires  such  extended 
consideration  that  it  has  been  impossible  for  the  Committee  to 
make  a  fina]  report  within  the  time  specified  in  the  resolution 
authorizing  its  appointment.  It  can  now  report  progress,  and 
ask  to  be  continued  until  the  next  meeting  of  the  Society,  when 
they  will  have  their  work  completed,  and  present  a  complete 
draft  of  a  Constitution,  By-Laws  and  Rules. 

C.  W.  Hunt, 
Jesse  M.  Smith, 
December  3,  1902.  D.  S.  Jacobus, 

Committee  on  ^'  Rules  and  3Iethods,^^  A.IS.M.E. 

In  comment  on  the  work  which  the  Committee  has  in  hand, 
I  would  refer  to  the  proposed  plan  whereby  the  present  Rules 
under  which  the  Society  has  been  conducted  since  1894,  have 
been  divided  into  three  groups.  The  first  will  be  called  the 
Constitution,  and  will  contain  those  parts  which  are  fundamental 
and  when  once  adopted  shall  be  difficult  to  change.  The  process 
of  change  shall  be  after  due  deliberation  and  discussion  by  means 
of  a  letter  ballot.  The  execution  of  these  fundamental  principles 
embodied  in  the  Constitution  will  be  put  in  a  separate  division, 
which  will  be  designated  By-Laws.     These  can  be  changed  more 
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easily  tlian  a  Constitution,  and  it  is  sno-<rosto(l  that  tlio  Tonnoil, 
after  due  notice  and  diseussion  on  the  su])j(^et,  shall  have  authorit  v 
to  revise  them.  Jii  addition  to  the  Constitution  and  Hy-I.awsa 
third  division  shall  consist  of  Kules,  which  can  be  chaii<^-cd  by 
the  Council  at  any  nieetin<^. 

If  there  is  any  ])art  of  the  ])re.sent  draft  which  inend)ers  would 
like  to  hear,  I  shall  be  glad  to  read  it. 

The  Coniniittee  hopes  that  the  meeting  will  continue  it  that  it 
may  correct  its  di'aft  in  the  light  of  discussion  which  is  now  to 
take  phice,  so  that  it  may  report  a  iinal  draft  at  the  spring  meet- 
ing of  the  Society  for  the  consideration  of  members. 

On  motion  it  was  ordered  that  the  report  be  received  and  the 
Committee  continued. 

Mr.  George  L.  Fowler. — T  would  like  to  ask  whether  the  Com- 
mittee has  itself  prepared  answers  to  the  questions  which  it  has 
embodied  in  its  preliminary  report. 

2£r.  Jl((?]t. — Xo,  sir.  It  has  not  answered  them.  They  have 
been  discussed  and  on  some  of  the  subjects  a  draft  has  been 
formulated,  but  we  are  open  to  change  the  draft  in  the  light  of 
anv  discussion  which  nuiv  occur  here.  If  anv  member  has  anv 
suggestion  to  make  the  Committee  will  be  very  glad  to  hear  it, 
as  we  a])pear  here  as  learners,  and  not  as  teachers. 

M?'.  George  L.  Foider. — I  would  like  to  ask  what  position  the 
Committee  have  taken  in  regard  to  the  question  of  the  adoption 
bv  the  Societv  of  standards. 

Mr.  Hunt. — The  practice  of  tlie  Society,  which  results  from 
a  long  and  earnest  discussion  (in  188(),  I  think),  was  that  the 
Society  will  not,  as  an  organized  body,  adopt  any  standards,  or 
rules  of  any  kind.  That  is  now,  and  has  been  since  that  discus- 
sion, the  unwritten  law  of  the  Societv.  When  a  Committee 
makes  a  report  on  a  subject  which  in  commercial  organizations 
^vould  be  approved  or  adopted  as  a  standard,  that  report  is  re- 
ceived by  the  meeting  at  which  it  is  presented  and  is  ordered, 
printed  as  part  of  the  Transactions,  to  have  such  weight  and 
authority  as  the  Committee  carries,  by  reason  of  the  arguments 
and  opinions  which  they  have  presented.  The  draft  of  your 
Committee  embodies  this  unwritten  law  in  the  Constitution. 

Col.  E.  D.  Meier. — I  trust  that  the  Committee  will  arrange 
to  have  the  full  draft  of  its  report  printed  and  distributed  to  the 
members  at  least  three  months  before  the  convention  in  the 
spring. 


46  PJiOCKKDIXCS    OF    TlLi: 

31  r.  Gns  C.  Jlenning. — It  may  be  desirable  to  give  the  Com- 
mittee a  little  lon<^-er  time  for  the  pre])aration  of  their  final  re- 
port, so  that  I  would  move  as  an  amen(hnent  that  the  Committee 
1)(^  i'0(|ncsted  to  report  not  later  than  two  months  before  the  date 
upon  which  this  re])ort  is  to  l)e  presented  to  the  membership  and 
distributed  to  all  members. 

On*  motion  this  resolution  was  carried. 

The  Keport  of  the  Committee  was  then  declared  open  for  any 
further  discussion  Avhich  members  might  desire  to  offer  upon  the 
topics  which  it  covers. 

Mr.  Jesse  M.  Smith  ])resented  the  following: 

Mr.  Jesse  M.  Smith. — I  wish  to  present  as  an  individual  some 
considerations  in  regard  to  the  dues  of  Juniors.  I  have  made 
an  investigation  for  the  Committee  on  Rules  and  Methods,  of 
the  Junior  membership  of  the  Society,  which  I  think  will  be  of 
interest  to  this  meeting.  In  the  Catalogue  of  January,  1902, 
there  are  the  names  of  531  Juniors.  One-third  of  these,  or  177, 
have  been  in  the  Society  for  7  years,  or  longer,  varying  from 
7  years  to  20.5,  or  an  average  of  10.13  years.  This  Society  has 
the  distinction  of  having  some  gray -headed  Juniors.  Two-thirds 
of  the  Juniors,  or  35-1,  have  now  been  in  the  Society  less  than 
7  years,  averaging  from  1  to  7  years,  and  the  average  is  3.08 
years.  It  has  been  suggested  that  the  annual  dues  of  the  Juniors 
should  be  gradually  increased  until  they  become  equal  to  those  of 
Members  or  Associates,  which  are  now  $15.00.  It  has  been  pro- 
posed to  have  the  Juniors  pa}^  $10.00  a  year  for  the  first  2  years, 
and  $1,00  additional  each  year  for  5  years.  So  that  after  7 
years  they  would  be  on  the  same  paying  basis  as  other  members. 
Upon  this  basis  the  177  Juniors  who  have  been  in  the  Society 
7  years  or  longer  should  now  jiay  an  additional  fee  of  $5.00 
per  year,  or  $885  annually.  Upon  the  same  basis  the  354  Juniors 
who  have  been  in  the  Society,  on  an  average  of  3.08  years, 
should  pay  an  average  of  $1.08  additional,  or  $382;  or  a  total 
for  these  two  classes  of  $1,267  per  year  of  increased  income  of 
the  Society  at  this  time.  This  sum  would  increase  gradually  to 
$2,655  per  year,  when  all  of  the  531  Juniors  have  been  in  the 
Society  7  years.  The  number  of  Juniors  is  constantly  increas- 
ing, and,  including  those  elected  at  this  meeting,  reaches  560 
members.  I  have  great  faith  in  the  Junior  membership  of  this 
Society,  and  I  believe  Avhen  the  Juniors  realize  the  situation 
they  will  come  forward  as  young  American  citizens  do,  and  put 


m;\\    ^(>l;K    m  i;i:'ri\(j.  47 

themselves  on  the  same  basis  as  othei*  members  who  have  been 
supportin*^  tlie  Society  for  many  years.  It  seems  eiitir<'ly  un- 
reasonable that  any  man  could  remain  a  Junior  memltci'  for  20.5 
years,  and  it  seems  ratlier  uni'easonable  that  one  should  remain 
a  Junior  member  for  10  years. 

Now,  in  order  to  brin<^'  tliis  ([uestion  befoi'c  tlu;  Society,  and 
that  we  may  ha,ve  the  (piestion  discussed,  1  have  })ro])osed  tliis 
resolution  in  general  terms,  so  that  a  full  discussion  may  be  had, 
and  we  may  get  some  more  definite  idea  of  what  is  need(;d : 

licsolvcd,  That  it  is  the  souse  of  tliis  meeting  that  the  annual  dues  of  Junior 
members  should  l)e  gradually  increased  until  they  become  equal  to  thosp  of 
Members  or  Associate  members. 

A  Ifemher. — I  second  that  resolution. 

The  Chairman. — Gentlemen,  you  have  heard  the  remarks  and 
resolution  presented  by  Mr.  Smith,  and  duly  seconded.  This  is 
intended  to  get  an  expression  of  opinion  for  the  guidance  of  the 
Committee  on  Rules  and  Methods  in  their  future  Avork.  Are 
there  any  remarks  upon  this  resolution  ? 

Mr.  James  M.  Dodge. — AVould  it  not  be  well  to  incor]:)orate 
into  that  resolution,  that  Avhen  the  dues  of  a  Junior  reacli  those 
of  a  member,  that  shall  constitute  his  membership  in  the  Society, 
without  further  action  of  the  Council.  "What  I  mean  is,  that 
that  fact  alone  shall  constitute  a  Junior  a  member  or  an  associate 
member.  As  it  is  now,  they  have  to  be  presented  again  and 
voted  upon.  I  think  it  would  be  well  to  engraft  in  that  resolu- 
tion this  fact.  I  see  Mr.  Smith  sliaking  his  head.  Perhaps  he 
doesn't  agree  with  me.     How  is  that,  Mr.  Smith? 

Mr.  Smith. — No,  sir. 

Mr.  Dodge. — AVell,  I  think  it  would  be  well  when  the  dues  of 
any  Jimior  member  are  equal  to  those  of  a  Member  or  an  Asso- 
ciate, that  that  alone  should  constitute  his  membership  in  the 
Society,  Avithout  further  action  on  the  part  of  the  Society. 

Mr.  Gus  C.  Henning. — It  has  been  the  custom  of  the  Society 
to  regard  the  Junior  membership  as  a  period  of  probation  and 
that  Junior  members  passing  the  age  limit  of  thirty  years  should 
be  nominated  for  full  membershij),  provided  they  \vere  eligible 
to  such  promotion  from  the  character  of  their  professional  work. 
If  the  rate  of  the  annual  dues  is  made  progressvie  it  will  cause 
the  Secretary's  office  and  the  accountant  a  great  deal  of  trouble. 
As  it  is  now,  before  a  member  is  accepted  by  promotion,  he 
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makes  his  application  and  the  Society  votes  whether  he  is  eligible 
or  not.  I  do  not  see  why,  because  a  man  pays  a  higher  rate  of 
due  that  by  this  fact  alone  his  membership  or  his  standing  in  the 
Society  should  be  raised.  It  is  not  a  payment  of  dues  which 
covers  the  grade  of  membership  but  his  character  and  reputation. 
In  my  o])inion,  th(^  membership  should  always  pass  upon  the 
qualifications  of  a  man  when  he  seeks  full  membership. 

What  I  would  suggest  would  be  that  the  Council  should  notify 
all  Juniors  when  they  have  reached  the  age  of  thirty,  that  they 
are  then  expected  to  assume  full  membersliip  in  the  Society,  and 
if  the}^  do  not  do  so  that  they  no  longer  remain  Juniors,  or  in 
any  relation  to  the  Society. 

In  view  of  this  opinion  I  would  propose  the  following  amend- 
ment: 

Resolved,  tliat  it  is  the  sense  of  the  meeting  that,  hereafter,  the  date  at  which  a 
man  becomes  eligible  for  full  membership  should  be  so  fixed  that,  upon  the  arrival 
of  a  Junior  member  at  that  age,  he  should  be  notified  by  the  Council  concerning 
the  proper  steps  to  be  taken  in  order  to  assume  full  membership;  the  names  of 
such  persons  shall  then  be  presented  as  candidates  for  full  rriembership  and  shall 
be  votedt)n  in  the  same  way  as  the  names  of  any  new  candidates. 

A  Memher. — It  seems  to  me  that  as  the  matter  stands  now  it 
is  not  very  complicated.  If  a  Junior  member  wishes  to  continue 
his  membership  and  pay  the  increased  dues,  that  is  his  business. 
If  he  is  eligible  to  advancement  we  are  glad  to  advance  him,  and 
the  rate  of  his  dues  is  a  mere  matter  of  bookkeeping.  Our  ac- 
countant is  certainly  able  to  keep  track  of  the  dates  at  which 
members  join  the  Society,  and  the  question  of  charging  him  with 
an  increased  rate  of  dues  becomes  a  simple  matter  of  record  with- 
out correspondence  or  other  embarrassment. 

Mr.  Henry  R.  Towne. — I  understand  that  the  motion  aims 
merely  to  get  an  expression  of  an  o])inion  from  this  meeting. 
Now,  I  am  thoroughly  in  favor  of  Mr.  Smith's  motion,  but  I 
see  this  difficulty.  I  think  it  should  include  a  provison  where- 
by, when  the  maximum  rate  of  dues  is  reached,  a  Junior  mem- 
ber thereupon,  ijjso  facto.,  would  become  an  Associate  member, 
unless  at  that  time  he  makes  applicaton  to  be  admitted  to  full 
membership,  in  which  case  his  name  should  be  submitted  to  bal- 
lot. In  other  Avords,  that  he  becomes  an  Associate  member  at 
the  time  his  dues  reach  the  full  rate,  unless  he  then  makes  appli- 
cation to  become  a  full  member  and  is  accepted  as  such, 

A  Memher. — I  second  that  amendment. 
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The  ('Judi'tiUDi. — All  aiiuMidiiiont  to  tliis  resolution  luis  Ihm'Ii 
made  bv  Mr.  Townc,  and  seconded.  Are  you  ready  for  tlie 
question  u|)on  that? 

Mr.  Sniiilt. — I  would  like  to  remark  that  I  do  not  accept  the 
amendment,  and  I  wouUl  like  to  have  the  meeting  vote  upon  my 
ori2:inaI  motion.  Mv  reason  tor  this  is  that  a  Junior  memher 
may  not  be  elig'ible  even  to  Associate  membership.  The  ()uali- 
fication  for  Associate  membership  is  higher  than  for  Junior, 
and  that  for  Member  is  still  higher.  Now,  the  Junior  may  not, 
in  the  years  that  he  has  l)een  in  the  Society,  have  advanced  suf- 
ficiently so  that  his  (pialifications  will  even  l)e  those  of  Associate 
member.  It  seems  to  me  that  if  his  dues  are  increased,  it  will 
behoove  him  to  make  application  for  membershi])  in  a  higher 
grade,  either  Associate  or  full  Member,  and  that  his  applica- 
tion should  be  made  in  the  regular  way,  the  same  as  any  other 
candidate. 

J//'.  George  S.  21  orison. — It  seems  to  me  that  it  is  worth  ^vhile 
in  this  connection  to  consider  this  proposed  schenie.  I  consider 
that  the  present  Junior  members  of  any  society  have  certain 
vested  rights  which  the  Society  cannot  fairly  take  away  from 
them;  although  it  may  be  able  to  do  it  legally  ])y  an  amendment 
to  the  Constitution,  it  would  hardly  be  fair.  ( )n  the  other  hand, 
it  nmst  be  remembered  that  Juniors  are  usually  elected  into  any 
society  with  very  inuch  less  careful  scrutiny  than  is  given  to  full 
members  or  even  Associate  meml)ers.  So  that  to  pass,  simply  on 
the  basis  of  time,  into  a  higher  grade  is  passing  members  with- 
out very  much  examination.  If  we  Avere  going  to  adopt  any 
such  plan  it  seems  to  me  that  the  proper  way  would  be  to  elect 
them  full  Members  at  once  and  provide  for  a  gradual  increase  of 
the  dues.  But  the  practice  in  several  other  societies,  on  both 
sides  of  the  Atlantic,  is  to  recognize  the  Jurrior  member  as  ])rac- 
ticaUy  a  student  on  probation.  He  takes  his  turn  for  a  term  of 
years.  If  he  becomes  an  engineer  qualified  for  membership  at 
the  end  of  that  term,  his  name  may  be  considered  for  advance- 
ment like  that  of  anyone  else.  If  he  does  not,  that  is  the  end  of 
it.  It  seems  to  me.  therefore,  that  the  proper  way  is  to  provide 
that  any  Junior,  when  he  becomes  ol  years  old.  if  that  is  the 
age,  shall,  ipso  facto,  cease  to  l^e  a  Junior,  or  to  l)e  in  any  way 
connected  with  the  Society;  l)ut  that  this  regulation  shall  only 
apply  to  Jimiors  elected  after  the  adoption  of  the  revised  Consti- 
tution and  Bv-Laws. 
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A  Meviher. — In  the  Institution  ol"  Civil  Engineers  of  Great 
Britain  tliey  have  a  body  oi"  members  \\\\o  are  designated  as 
''  Students."  AVhen  sucli  a  student  reaches  the  age  of  20  years 
lie  ceases  to  be  connected  witli  the  Institution  at  all,  unless 
before  the  time  he  is  rejected  his  name  is  sent  in  to  tlie  council 
for  deletion  to  the  associate  grade,  and  then  he  is  balloted  for  as 
a  candidate  for  that  grade. 

It  seems  to  nie  that  the  proposition  made  by  the  Committees 
to  increase  the  dues  of  Juniors  by  successive  additions  is  burden- 
some. I  prefer  the  suggestion  of  Mr.  Morison,  that  when  thej 
reach  the  age  of  31  years  they  shall  drop  from  the  Society,  if 
they  are  not  eligible  for  Associate  membership.  I  think  most 
Junior  members  would  be  glad  to  be  forced  into  the  position 
whereby  they  would  have  to  apply  for  full  Membership  when 
they  reach  the  age  of  31  years. 

A  Memher. — There  is  one  point  which  should  not  be  forgotten. 
The  Members  and  Associates  have  votes  in  the  management,  and 
the  Juniors  do  not.  Therefore,  if  a  Junior  is  promoted  regularly 
into  the  upper  grade  by  passing  an  age  limit,  we  pass  him  up 
into  the  voting  grade  without  a  scrutiny.  It  is  quite  possible, 
therefore,  that  the  actual  membership  of  the  Society,  voted  in 
the  usual  way,  may  be  entirely  over-weighted  by  the  number  of 
members  who  have  not  really  passed  the  rigor  of  being  voted  for 
as  Members.     This  should  be  taken  into  account  in  our  action. 

Mr.  C.  Ix.  Gabriel . — I  ^vould  like  to  ask  what  disposition 
Mr.  Smith  would  propose  to  make  of  the  clause  in  Article  18, 
in  regard  to  the  extra  initiation  fee  of  $10.00  to  be  exacted  from 
the  Junior  member  in  passing  to  the  Senior  grade.  If  I  under- 
stand the  object  of  this  increase  of  dues,  it  is  to  add  to  the 
finances  of  our  Society,  and  if  the  initiation  fee  is  not  exacted 
I  do  not  see  that  there  would  be  very  much  gained.  IS'ow,  the 
addition  to  the  dues  of  $1.00  each  year  would  amount  to  $15.00 
in  five  years;  that  would  make  only  an  increase  of  $5.00,  if 
the  member  is  passed  from  the  Junior  to  the  Senior  grade  with- 
out the  additional  initiation  fee.  That  feature  has  not  been 
mentioned.  I  would  like  to  inquire  what  disposition  you  wish 
to  make  of  that  ? 

Mr.  Smith. — As  I  understand  it,  the  initiation  fee  only  comes 
up  when  the  Junior  is  ])assed  to  a  higher  grade.  If  this  Junior, 
who  has  been  in  the  Society  for  several  years  and  whose  dues 
have  increased  to  $15.00,   wishes  to  remain  a  Junior,  why,  he 
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does  not  havo  to  ]>ay  the  slo.oo  jnitialioii  fee,  Imt.  il  lir  w  isiies 
to  be  11  full  MeinluM*  and  if  lie  is  deemed  \\oi'lliy  of  that  honoi* 
by  the  Soeiety,  tluMi  he  has  to  pay  the  additional  initiation  fee 
of  f^lt^OO,  whieh  g-ives  him  all  the  ])rivile,i2:es  of  any  other  Mem- 
ber or  ot"  any  Associate  memhei*. 

J//'.  Gahr'u'I. — Then  the  result  is  that  he  still  renniinsa  Junior 
mend)er  after  paying  the  same  dues? 

Mr.  K^mith. — The  object  is  to  have  all  the  Junior  members 
pass  as  soon  as  possible  into  the  higher  grade,  if  they  are  desira- 
ble, as  Members  or  Associates.  If  they  desire  to  remain  as 
Juniors  and  i)ay  the  regular  dues  of  Associates  or  Members, 
why,  that  is  the  Junior's  own  affair,  it  seems  to  me;  unless  the 
Society  sees  fit  to  drop  the  Juniors  when  they  come  up  to  the 
point  where  they  should  become  either  Mend)ers  or  Associate 
members. 

It  seems  to  me  that  the  whole  drift  of  the  report  I  have  made 
is  to  the  point  that  the  Juniors  shall  gradually  assume  the  re- 
sponsibility of  full  Membershi])  as  they  attain  the  pro])er  age  in 
the  Society;  that  a  man  who  has  been  7  years  in  the  Society, 
shbuld  at  the  end  of  that  time  assume  the  res])onsibility  of  full 
Membership  in  the  Society. 

Mr.  F.  IL  Stillman. — If  I  understand  the  object  of  ])resenting 
these  motions,  they  aim  to  find  out  the  feeling  of  the  Society  on 
this  question.  It  seems  to  me,  however,  that  instead  of  motions, 
we  have  a  series  of  suggestions  no  one  of  which  is  com])letely 
covered  by  any  one  of  the  motions  before  us.  I  would  move  that 
these  motions  be  referred  to  the  committee  with  instructions 
that  they  include  in  their  report  such  of  them  as  they  deem 
wise. 

Mr.  WUliam  Kent. — I  second  this  last  motion. 

i)//'.  Thomas  li.  Almond. — Su})posing  that  the  man  who  has 
made  application  for  Junior  mend^ership  should  be  already  3(> 
years  of  age  when  he  applies.  AVhat  will  you  do  \vich  such  a 
man  when  he  has  been  a  Junior  for  T  years? 

TJ(e  Chairman. — The  answer  would  ])e  that  under  the  policv 
which  has  been  under  discussion  such  a  man  would  not  be  eligible 
to  Junior  membership  in  the  first  })lace. 

Col.  K.  1).  Meter. — Will  the  Comnuttee  read  the  section  of  the 
By-Laws  referring  to  the  (pialilications  and  I'ights  of  an  Asso- 
ciate member. 

J//'.  C.  W.  Hunt. — I  quote  from  Article  T)  of  the  present  Kules: 
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"  To  be  eligible  as  an  Associate,  the  candidate  must  be  not  less  than  twenty-six 
years  of  age  and  must  have  the  other  qualifications  of  a  member;  or  he  shall  have 
been  so  connected  with  engineering  as  to  be  competent  to  take  charge  of  work 
and  co-operate  with  engineers." 

The  Cliairinan. — The  motion  is  on  the  question  that  the  reso- 
lution ])resente(l  by  Mr.  Smith  and  the  amendments  which  have 
boon  made  to  it,  together  Avith  this  discussion  upon  tliem,  should 
be  referred  to  the  Committee  with  instructions  that  they  include 
iti  their  re})ort  their  recommendations. 

On  motion  this  resolution  was  carried. 

Mv.  Gus  C.  Henninxj. — The  Committee  has  called  the  attention 
of  the  Society  to  the  great  number  of  Juniors  who  should  already 
have  been  promoted  to  full  Membership.  I  now  move  that  the 
Council  be  instructed  to  send  letters  to  all  Juniors  who  shall 
have  arrived  at  the  age  of  31  years,  requesting  them  to  apply 
for  full  Membership  in  the  Society,  beginning  with  this  meeting. 

Mr.  William  C.  Brown. — I  Avould  like  to  ask  what  the  alter- 
native would  be. 

Mr.  HenniiKj. — This  is  a  request  onl}^,  but  it  would  seem  to 
me  that  when  the  question  is  properly  presented  to  the  Junior 
membership,  who  are  eligible,  a  great  many  will  take  advantage 
of  it  to  become  full  Members. 

Mr.  William  Kent. — I  would  suggest  as  an  amendment  that 
the  Council  append  to  such  a  notice  that  section  of  our  Rules 
which  directs  the  procedure  whereby  Junior  members  shall 
become  full  Members  of  the  Society. 

A  Member. — It  would  seem  to  me  more  sensible  to  defer  action 
of  this  sort  until  the  whole  question  of  our  By-Laws  has  been 
presented  by  our  Committee  and  discussed  by  the  whole  Mem- 
bership. A  Junior  member  would  have  a  perfect  right  to  say 
that  he  did  not  want  to  take  the  action  which  the  Council  has 
been  requested  to  urge  on  him,  and  he  might  even  consider  it  a 
matter  of  impertinence  on  the  part  of  the  Council  to  make  such 
a  request.  I  feel  that  it  is  due  to  the  Committee  on  Rules  that 
we  should  leave  this  matter  to  them,  at  all  events  until  they 
have  ex])ressed,  as  a  Committee,  their  opinion  concerning  an 
arrangement  of  this  sort.  The  mere  reference  of  such  a  resolu- 
tion as  has  been  presented  for  action  by  the  Council  does  not 
help  the  Committee  out.  We  will  be  adding  to  their  burdens 
rather  than  trying  to  lessen  them. 

It  would  seem  to  me  to  be  courtesy  and  kindness  to  our  Com- 
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mittoe  to  tak('  a  vote  on  tlic  (|U('sti()ii  of  llic  treatment  of  llic 
Junior  niemherslnp  in  order  tliat  llie  ('ofiniiittee  may  hv  <rni<l('(l 
by  sueh  an  expression  i>\'  sentiment.  If  the  majoj-ity  arc  not  in 
favor  of  (loini»-  aiivtliini*-,  sueh  action  wouhl  he  a  wav  of  savin*'- 
so.  It  seems  to  me  we  ou<2;ht  to  let  the  Committee  know  whether 
we  are  in  sympathy  with  their  ideas  ornot,  and  leave  the  deUiils 
to  them  to  work  out. 

J//*.  (7?/.v  C.  Ihnin'nKj. — My  resolution  was  intendc'd  to  l>e  a 
matter  entirely  distinct  from  the  general  (piestions  of  policy 
which  we  have  already,  by  motion,  referred  to  the  Committee. 
My  idea  was  to  present  a  resolution  which  should  secure  $15.00 
a  year  dues  from  those  Juniors  who  have  been  Juniors  so  lonjr 
that  they  ought  to  have  been  in  the  Society  as  Members,  and 
that  they  should  be  compelled  to  make  that  payment  for  this 
year.  The  work  of  our  Committee  will  provide  a  policy  for  tlie 
future  Avlien  their  report  is  received,  but  my  resolution  was 
intended  to  be  entirely  independent  of  that  discussion  which  we 
have  practically  closed  by  referring  the  subject  of  future  policy 
to  our  Committee. 

Mr.  Smith.— 1  arise  to  a  point  of  order.  Mr.  Ilenning  has 
said  that  this  is  an  entirely  separate  resolution.  Therefore,  my 
point  of  order  is,  that  it  has  no  bearing  upon  the  resolution  that 
I  offered.  There  are  certain  amendments  which  have  been 
offered  by  Mr.  Towne,  and  I  think  by  one  or  two  others,  to  my 
resolution.  I  request  the  Chair  to  put  the  question  upon  those 
amendments,  and,  if  they  are  carried,  then  to  add  them  to  my 
original  resolution  and  put  the  question  upon  that.  1  think  my 
resolution  is  entitled  to  consideration  bv  the  Societv,  and  I 
request  that  the  Chair  put  the  question  upon  it.    . 

The  Chairman. — I  w^ould  say  that  the  meeting  has  voted  to 
refer  your  resolution  to  the  Committee,  having  discussed  it.  1 
do  not  see  that  without  a  vote  to  reconsider  that  action  it  would 
be  proper  to  put  it  before  the  Society  again. 

Mr.  Kenneth  Torrance. — It  seems  to  me  that  we  have  not  done 
justice  to  this  Committee  in  referring  the  matter  back  to  tlie 
Committee  as  we  have.  AVe  have  had  presented  two  different 
schemes.  One  by  Mr.  Smith,  and  another,  which  may  be  con- 
sidered, by  Mr.  Morison,  and  we  have  referred  those  unacted 
upon  back  to  the  Committee.  I  think  there  is  no  doubt  that 
most  persons  here  have  an  opinion  as  to  which  of  those  two 
methods  is  the  better  one,  and  I  think  it  would  be  most  fair  to 
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tli(^  Coniinittoe  that  wn  slioiild  (3xpress  ourselves  about  them. 
Tlierei'ons  I  would  likc^  to  inove  that  the  actiou  in  referring  this 
matter  l)ack  to  tlu^  Ooimnittee  h(^  reconsidenMl. 

77h'  (7t<ff/'//Hffi.  -Vhc  Cliair  woiihl  irujuire  ii"  the  gentleman 
voted  in  favor  of  the  referene(^.  to  th(;  (committee ? 

J//'.  7o/'/'(f/H'('. — I  did. 

I'/u'  CVtai/'j/Ni/i. — Then  you  are  entitled  to  move  for  a  re- 
consideration. 

On  motion  the  question  concerning  the  reconsideration  of  the 
reference  was  ])ut  and  carried.  Tlie  Chair  thereu})on  announced 
that  the  original  motion  was  before  the  meeting  with  the  amend- 
ment by  Mr.  Smith,  as  follows: 

Resolved,  that  it  is  the  sense  of  this  meeting  that  the  annual  dues  of  Junior 
members  shall  be  increased  annually  until  they  equal  $15.00. 

The  amendment  by  Mr.  Towne  is:  That  after  the  increase  of 
the  Junior  members'  dues  has  become  equal  in  amount  to  the 
present  dues  of  full  membership,  that  they  shall  then  either 
become  Associate  members  or  shall  apply  for  election  to  full 
membership. 

3fr.  George  S.  Morison. — I  would  like  to  have  the  meeting  con- 
sider my  amendment  that  Juniors  elected  after  the  amendments 
to  this  Constitution  shall  cease  to  have  any  connection  with  the 
Society  upon  reaching  the  age  of  30  years. 

Mr.  Kent. — If  I  understand  Mr.  Morison's  amendment  that 
a  Junior,  when  he  becomes  30  years  of  age,  shall  cease  to  be  a 
member  of  the  Society — unless  at  that  time  he  applies  either  for 
Associate  or  full  membership — and  also  pa3^s  the  extra  $10.00 
initiation  fee  required  on  such  promotion,  I  would  state  my  con- 
currence in  that  idea,  because  I  have  opposed  Mr.  Smith's  orig= 
inal  motion  and  Mr.  Towne's  amendment.  I  do  not  believe  in 
the  gradual  increase  of  dues,  dollar  by  dollar,  nor  do  I  believe 
in  having  the  Juniors  become  Associates  by  automatic  process. 
There  have  been  cases  where  a  man  has  applied  for  membership 
and  Avhere  he  has  been  rejected  by  the  Council,  and  where  he 
would  have  been  severely  black-balled  by  the  voting  member- 
ship if  the  Council  had  passed  him,  and  yet,  five  years  earlier 
that  man  would  have  had  no  difficulty  in  being  passed  to  Junior 
membership;  matters  had  developed  during  the  interval  which 
made  him  a  person  whom  the  Society  did  not  care  to  have  en- 
rolled as  a  Member. 


Ni:\\    ^()I{K   .mi;i;ti\g.  55 

With  tluM'(His('nt  of  tlic  nio\('rs  mikI  srcondcrs.  Mcssis.  Mori- 
snii  Mild  TowiK'  w  itluh'cw  llicir  .•niKMidmcnts,  and  tlic  (|iH*sti<ni 
caiiic  up  on  llic  oriuinal  proposition  of  Mi\  .Irssc  M .  Smiili,  tluit 
tlio  annual  dues  of  duuior  iniMidx'i's  shall  be  increased  <i'ra,(luallv 
until  th(\v  luH'onio  ccpial  to  the  ])res('Tit  duos  of  Mcmhci's*  'PIm^ 
(pK^stioii  boinii'  put,  the  motion  wiis  lost. 

Mr.  ^lorison  then  ])j-esente(l  liis  original  anicndnicnt  as  ;i  new 
resolution,  that  Juniors  shoidd  cease  to  he  members  lien^after 
unless,  on  reaching-  the  age  of  30  years,  they  should  ai)ply  for 
Associate  or  full  membership. 

The  Chair  i>ut  this  motion  and  it  was  carried. 

J//',  -/(!^s^sr  M.  Smith. — I  must  rise  to  ask  for  information. 
AVhat  becomes  under  this  recommendation  and  opinion  of  the 
Society,  of  the  r^(S{)  Junior  members  now  connected  with  it  under 
the  present  Rules?  May  they  remain  Juniors,  |)ayin<^  i^lo.OO  a 
year,  indefinitely'?  We  cannot  turn  them  out  under  that  policy 
outlined  bv  ^fr.  Morison,  because  thev  have  vested  ri^^lits  in  the 
Society. 

Mr.  Ilennlng. — It  was  in  view  of  tliat  fact  that  I  offered  my 
original  resolution.  These  Juniors  now  in  the  Society  under 
that  resolution  must  abide  by  tlie  insult  of  their  a])plication  to 
be  promoted  to  a  higher  grade.  If  these  Juniors  are  acted  on 
favorablv  thev  will  become  Members  on  reachino:  the  ajre  limit. 
If  they  are  not  elected  they  are  black-balled  candidates,  and 
would  cease  bo  be  members  of  the  Society. 

Mr.  Henning's  motion  was  duly  seconded  and  was  put  by 
the  Chair  : 

Resolved,  That  Junior  members  on  reaching  the  age  of  31  years  shall  apph' 
for  Associate  or  full  membership  in  the  usual  manner,  and  shall  abide  by  the 
vote  of  the  Society-  on  their  application. 

A  Memher. — It  seems  to  me  that  this  Society  has  no  right  to 
tell  a  man  Avhat  he  shall  do.  Every  Member  desires  that  every 
eligible  candidate  shall  desire  to  come  to  us  with  an  application 
for  membership,  but  we  have  no  right  to  tell  him  that  he  must 
come  or  serve  a  penalty. 

Mr.  James  M.  Dodge. — Our  Rules  state  that  the  age  limit  for 
the  Associate  grade  is  26  years.  It  seems  to  me  that  a  Junior 
should  apply  for  Associate  membership  when  he  is  26,  and  not 
wait  until  he  is  30  years  old,  which  has  been  set  as  the  age  for 
full  membership. 
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Mr.  (froiyr  L.  Foirh  r. — i  would  lik(5  to  ask  what  the  Junior 
niCMul)(3rs  ;ir(i  <^()in<^'  to  do  wlio  aro  now  over  ?A  years  of  Ji<^c,  if 
this  nieetiu''-  deehires  tliat  a  man  now  a  Junior  who  lias  passed 
a  cc^rtain  a<:;'e  limit  shall  ])ay  $15.00  Junior  dues.  J  think  a  man 
in  this  Society  IM  yeai's  of  a«>(»,  and  unable  to  pay  $15.00,  has 
something-  wrong  about  him.  If  lie  has  to  ])ay  $15.00  the 
chances  are  that  he  will  ai)ply  for  higher  grades  of  membership 
Avitli  their  rights  and  ])rivileges.  If  you  make  a  Junior  member 
who  is  31  years  old  and  over  ])ay  $15.00  dues,  in  my  opinion 
the  thing  will  straighten  itself  out  without  action  by  the  meeting. 

A  Mernher. — It  seems  to  me  that  we  are  not  quite  fair  to  the 
Juniors  in  this  discussion;  there  are  a  great  many  of  them  Avho 
are  good  working  members  who  will  hasten  to  come  up  and 
become  full  Membei-s  of  the  Society  if  the  dues  which  they  pay 
are  raised,  and  they  appreciate  the  Society's  need  of  their  in- 
creased pa^^ment.  I  think  this  discussion  will  go  very  far 
towards  reducing  the  ditficulty.  Many  men  who  have  over- 
looked the  matter  of  the  return  which  the  Society  is  making  to 
them  for  their  dues,  will  hasten  to  become  Associates  and  full 
Members. 

The  Chair  then  put  the  question  on  Mr.  Henning's  resolution 
that  Junior  members,  on  reaching  the  age  of  31  years,  shall 
apply  for  full  membership  in  the  usual  manner,  and  shall  abide 
by  the  vote  of  the  Society  on  their  application. 

The  motion  was  lost. 

The  next  business  before  the  meeting  was  an  action  upon  the 
amendments  to  Article  4:5  of  the  Rules  concerning  the  procedure 
to  be  followed  in  making  amendments  to  the  Rules  as  they  now 
stand.  The  question  came  up  upon  the  report  of  the  Committee 
on  Rules  and  Methods,  which  had  considered  and  reported  favor- 
ably upon  an  amendment,  in  the  following  form: 

To  replace  Article  45  is  as  follows : 

"  These  rules  may  be  amended  by  a  ballot  at  any  annual  meeting,  by  the  assent 
of  two-thirds  (§)  of  the  members  voting,  in  person,  by  proxy,  or  by  letter  ballot, 
provided  that  written  notice  of  the  proposed  amendments  shall  haA'e  been  given 
at  the  preceding  regular  meeting,  and  that  a  blank  ballot  accompanied  by  the 
mover's  reasons  for  the  change  if  he  so  desires,  and  a  comment  on  the  same  by  the 
Council  if  it  so  elects,  shall  have  been  mailed  to  each  member  entitled  to  vote  no 
later  than  the  time  of  mailing  the  ballot  for  officers  of  the  Society.  The  ballots 
shall  be  voted  and  the  result  canvassed  in  the  manner  prescribed  in  Articles  33  and 
34.  The  tellers  shall  immediately  certify  the  result  to  the  annual  meeting,  when 
if  the  certificate  shows  that  two-thirds  of  the  votes  cast  are  in  favor  of  the  amend- 
ment, it  shall  immediately  take  effect." 
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Mr.  ILiin/  li.  Tonme.  —  \  wish  t(^  ollVi*  ;i  I'osolution  tli;»t  iho 
\<)l('  iipoii  m11  ])i'«)|)t)S(Ml  :i?M('Ti<liiuMits  to  tlio  Itul('<  slijill  !)('  by  Iml- 
1(»L  M\  motive  lor  iiiakini:  this  motion  is  that  tlio  proposed 
anu'iKhnoMt.  when  sent  to  all  the  voting-  membership,  was 
accompanied  1>\'  a  form  of  ])ro.\y  so  that  all  members  mi«^ht  ex- 
pi'ess  their  opinion  even  if  unable  to  attend  the  convention  at 
whicli  the  vote  is  to  be  taken.  The  Committee  have  received  ljr> 
such  ])roxies,  and  my  motion  would  be  that  in  order  to  enable 
these  votes  to  be  taken  and  counted,  the  vote  upon  the  amend- 
ment shall  be  taken  by  ballot. 

Mr.  Kent  raised  the  ])oint  of  order  that  the  amendment  ])re- 
sented  by  the  Committee  could  not  be  considered  at  this  meet- 
ing, because  it  had  not  been  ])resented  in  the  form  recommended 
by  the  Committee,  as  required  by  the  provisions  of  the  Constitu- 
tion, at  a  previous  meeting.  The  only  amendments  which,  in  his 
o})inion,  could  })roperly  be  taken  u])  to  cover  a  procedure  for  an 
amendment  to  the  Rales,  werp  amendments  presented  by  Mr. 
C.  AV.  ]>aker  at  the  Xew^  York  ]\Ieeting  of  a  year  ago,  and 
amended  in  Boston  by  a  slight  change  in  ])hraseology  so  as  to 
read  as  foUow^s: 

At  any  regular  mooting  of  the  Society  any  member  may  propose  in  wTiting  an 
amendment  to  these  rules,  a  copy  of  such  amendment  having  been  filed  with  the 
Council  at  least  ten  days  before  the  opening  of  said  meeting.  Such  amendment 
shall  be  taken  up  by  the  Society  at  a  following  session  of  the  same  meeting,  and 
shall  be  subject  to  discussion  and  amendment  and  to  final  acceptance  or  rejection 
by  a  majority  vote  of  the  members  present  and  voting.  If  it  is  finally  accepted, 
it  shall  be  submitted  to  a  letter  ballot  of  the  entire  voting  memljership  of  the 
Society;  such  ballots  to  be  sent  out  at  the  same  time  as  the  n^xt  succeeding 
ballot  for  the  election  of  members.  A  majority  of  the  ballots  cast  shall  adopt  or 
reject  the  amendment. 

Mi\  C.  ir.  Hunt. — Our  By-Laws  state  that  action  shall  be 
taken  on  an  amendment  to  the  Eules  by  a  two-thirds  vote  of  the 
members  present.  The  law^  under  which  the  Society  acts  states 
that  every  membership  association  can  vote  by  proxy.  The 
courts  have  decided  that  phrase,  ''of  "^he  members  present," 
means  either  present  in  person  or  by  proxy.  There  are  about 
100  proxies  here.  They  have  an  absolute  right  to  vote,  and  we 
have  no  right  to  take  any  move  which  will  practically  disfran- 
chise tliera.  It  seems  to  me  that  this  vote  can  be  taken  by  rais- 
ing of  hands,  and  then  the  proxies  can  be  added  to  the  viva  voce 
vote.  If  we  must  take  a  ballot  on  all  amendments  and  the  original 
proposition,  it  will  mean  a  loss  of  much  time  and  a  great  delay. 
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Mr.  Tonme. — I  will  witlulniw  my  motion  and  second  the  ad- 
inirablo  pi'oposition  of  Mi*.  Hunt  that  the  vote  of  those  ])resent 
shall  be  tak(Mi  by  show  ol'  Jiands  or  w'^vt  voce^  and  that  then  the 
('Oimnittee  wlio  liave  received  tliese  j)i'()xies  sliall  have  theoppor- 
tiniitv  to  cast  tlieir  vote  of  S)i\  proxies,  (h*  whatever  the  number 
inav  l)e,  before  the  (Jhair  announces  the  result. 

Mr.  C.  W.  Baker. — I  should  not  think  of  pressing  my  amend- 
ment in  competition  with  the  amendments  offered  by  the  Com- 
mittee on  Revision  of  the  Rules,  except  that  it  seems  to  me  the 
('ommittee  has  overlooked  some  points  which  are  important  in 
drat'tino"  its  amendments.  I  Avould  like  to  have  the  two  amend- 
ments  placed  before  the  meeting  on  equal  footing,  so  that  the 
members  can  take  their  choice  between  mine  and  that  presented 
by  the  Committee. 

Mr.  Towne. — This  subject  is  one  which  has  been  before  us  all 
during  the  last  year,  and  as  I  liave  been  serving  until  lately  on 
the  Committee  on  Rules,  it  is  one  that  I  have  had  occasion  to 
consider  very  carefully.  My  views  concerning  it  have  changed 
in  the  last  two  days  as  the  result  of  discovering  a  defect  in  both 
of  the  pending  amendments,  which  I  think  has  been  overlooked, 
and  which,  when  it  is  explained  to  the  members,  will  cause  them, 
I  think,  to  favor  some  other  metliod  of  reaching  the  result  which 
those  two  amendments  aim  to  accomplish.  The  existing  Rule  45, 
which  is  the  only  provision  in  our  present  Constitution  for  its 
amendment,  does  not  say  that  the  proposed  amendment,  but 
notice  of  the  amendment  shall  have  been  given  at  the  previous 
meeting.  Is^ow,  I  believe  that  this  language,  fairly  construed, 
opens  the  door  to  this  meeting  for  action  upon  any  proposed 
amendment,  so  long  as  it  is  fairly  germane  to  the  scope  and  pur- 
pose of  the  original  notice.  Mr.  Baker's  motion  is  before  us,  as 
i  understand,  in  the  form  in  which  he  originally  presented  it 
with  his  Boston  revision.  ]^o  cpiestion  can  arise,  therefore,  as 
to  a  vote  being  competent  to  this  meeting  on  that  motion.  Mr. 
Miller's  motion,  also  introduced  at  th'e  Boston  meeting,  is  also 
before  us  in  its  original  form,  and  can  be  voted  upon  in  that 
form;  and  this  also  is  beyond  question.  Mr,  Miller's  motion, 
amended  by  a  transposition  of  its  words  but  not  changed  in  its 
substance,  has  been  reported  by  the  Committee  on  Rules,  with  its 
endorsement,  and  I  believe  that  this  is  equally  before  this  meeting. 

But  I  want  to  call  the  attention  of  the  members  to  a  defect 
which  it  seems  to  me  exists  in  all  three  of  these  motions.     We 
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have  ])riulinn'  hrl'oi'f  us  a  proposition  to  supiM'scdi;  oiii'  pi'cst'iil 
liul(»s.  Tlicv  ai'o  not  well  arran^i^cMl,  and  lli(3  ('Oiiniiitt<M'  pi'o- 
1»os(m1  to  luMnii"  in,  a  vt'ai'  I'lom  now,  a  new  Constitnl  inn,  snpplc- 
ni(M]tiMl  1)\'  1*.\ -Laws  and  |U'ol)ai»ly  snj)|)i('in('nt<'(l  l)\'  ;i  s.-i  of  llnlcs 
on  niinoi'  matUM's.  In  \  icw  of  tlic  fact,  tlial  llic  rnndaniental  law 
ts  to  !)('  c'hani;<Ml  in  this  way,  I  hcii'  to  su^'i^'cst  that  W(i  shoiihl  do 
as  little  tinkoriiii;'  with  tin*  ])i*('S(Mit  Unh^s  as  possible,  as  the  new 
Constitution  and  new  Rules  will  piohahly  l)e  in  opei'ation  in  one 
more  year.  It  is  nieivly  i)ni)()rtant  that  action  should  Ix?  taken 
now  whirli  will  ])i'ovide  a  eand'ul  and  (h'lilxTative  method  of 
passin<j;*  upon  the  proposed  n(Mv  Constitution — the  most  imp(jr- 
tant  leij:islative  matter  that  the  Societv  has  ever  liad  before  it. 

The  proposed  amendments  l)y  ^fr.  ^liller  and  by  the  Commit- 
tee provide: 

These  Rules  may  be  amended  by  ballot  at  any  annual  meetinp;  by  the  assent  of 
two-thirds  of  the  nKMnhcM's  votinji;.  in  piTson.  or  by  proxy,  or  by  letter  ballot,  pro- 
vid(>d  that  \ATitten  notice  of  the  propsoed  aniendent  shall  haw  l)een  given  at  the 
preceding  regular  meeting,  and  that  a  blank  ballot  accompanied  by  the  mover's 
reasons  for  the  change,  if  he  so  desires,  and  a  comment  on  the  same  by  the  Council, 
if  it  so  elects,  shall  ha^•e  been  mailed  to  each  member  entitled  to  vote  no  later  than 
the  time  of  mailing  the  ballot  for  officers  of  the  Society. 

Gentlemen,  you  see  that  under  this  Rule  any  and  every  mem- 
ber of  the  Society  can  vote  u])on  any  ]iroposed  amendment  to  the 
liules,  and  that  it  is  mandatory  that  every  amendment  so  pre- 
sented shall  he  printed  and  issued,  accompanied  by  a  ballot,  to 
the  entire  membership.  At  the  Spring  meeting  the  Committee 
expects  to  re])ort  a  new  Constitution  and  By-Laws.  That  w^ill 
be  the  time  to  discuss  that  Constitution,  but  every  difference  of 
opinion  that  arises  in  the  course  of  that  debate  may,  under  this 
proposed  Eule,  be  made  the  subject  of  letter  ballot,  because  this 
proposed  Rule  confers  upon  any  member  the  right  to  demand  a 
letter  ballot  upon  an  amendment,  stated  in  his  ow^n  terms,  and 
the  entire  membership  must  pass  upon  it  before  it  can  be  dis- 
posed of. 

Why,  gentlemen,  we  will  have  a  flood  of  such  amendments 
which  will  swamp  the  entire  project  and  tie  us  up  for  a  year  or 
two  I 

Xow,  to  overcome  this  difRculty,  and  to  retain  all  the  other 
objects  sought  in  the  motions  of  Mr.  Baker  and  Mr.  Miller,  and 
in  the  modification  by  the  Committee  on  Rules,  I  submit  this 
resolution : 
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Akticlk  4r).  An  iinKMidincnt  to  these  liules  may  be  proposed,  or  a  notice 
thereof  he  j!;iven  (and  we  want  at,  this  nie(  tinjj;  to  take  such  action  or  to  give  such 
notice  as,  under  tliis  resolution,  will  make  it  competent  lor  us  to  act  a  year  from 
now,  and  to  act  definitely,  on  tiie  adoj)!  ion  of  our  new  Constitution,  and  yet  to 
provide  ample  time  and  opportunity  for  discussion,  and  also  to  provid(;  that,  when 
it  is  put  hefon*  the  membership  for  final  vote  in  the  form  in  which  it  has  been 
passed  by  the  Spring  me(>ting,  it  shall  come  as  a  concrete  (piestion  on  which  the 
vot<\'<hall  be  simply  ' '  yes"  or  "no")  atany  annual  meeting,  by  any  two  members  or 
associates  in  good  standing,  and  when  so  presented  in  writing  shall  be  read  to  the 
meeting  and  may  be  discussed  th(>reat.  A  copy  of  any  amendm(;nt  so  introduced 
shall  then  be  distributed  to  the  memelx^rship,  not  less  than  two  months  before  the 
next  ordinary  m(H>ting.  At  the  next  n^gular  ordinary  meeting  of  this  Society  such 
amendment  shall  be  brought  up  for  discussion,  and  may  be  modified  or  amended 
by  a  majority  vote  of  the  members  present,  in  person  or  by  proxy,  at  such  meet- 
ing. After  such  meeting  a  copy  of  the  amendment  so  presented,  in  the  form 
finally  approved  or  adopted  by  such  meeting,  shall  be  mailed  to  the  membership, 
as  before,  accompanied  by  a  ballot  by  which  each  member  entitled  to  vote  may 
vote  for  or  against  such  amendment. 

Now,  gentlemen,  in  brief,  that  Eule  means  this:  That  to  adopt 
an  amendment  to  our  Constitution  or  Rules  a  year  hence,  a 
notice  of  the  intention  to  do  so  must  be  given  at  this  meeting, 
and  that  some  time,  not  less  than  two  months,  prior  to  our  Spring 
meeting,  that  amendment,  in  concrete  form,  must  be  put  in  type 
and  distributed  to  the  whole  of  the  membership,  accompanied 
by  a  proxy  whereby  members  unable  to  attend  the  meeting  may 
delegate  the  power  to  vote  for  them  to  some  other  member ;  that 
at  the  Spring  meeting  the  amendment  so  introduced  shall  come 
up  for  discussion;  that  the  Spring  meeting  will  have  absolute 
control  over  it;  and  that  that  meeting,  by  the  membership  there 
represented  in  person  or  by  proxy,  shall  cast  the  proposed  amend- 
ment into  its  final  form;  whereupon,  and  at  the  proper  time 
before  the  annual  meeting,  the  amendment  as  thus  perfected  and 
adopted  by  the  Spring  meeting,  accompanied  by  a  ballot,  shall  go 
to  the  entire  membership  for  a  simple  "  Yes  "  or  "No  "  vote. 

The  method  is  simple  and  clear;  it  provides  that  one  year  shall 
be  taken  for  any  proposed  alteration  of  our  fundamental  law, 
and  I  submit  that  less  than  one  year  is  not  an  adequate  time 
within  which  to  make  changes  in  our  law. 

Mr.  Kent. — I  am  very  glad  indeed  that  Mr.  Towne  has  stated 
so  clearly  the  argument  against  the  amendment  which  his  Com- 
mittee propose.  I  think  that  he  himself,  holding  these  proxies, 
would  now  vote  them  all  against  that  amendment  of  the  Com- 
mittee.    In  regard  to  this  new  amendment  that  he  proposes,  I 
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SI  0  some  (lofccts  in  it,  and  I  think  that  for  the  toniporarv  pur- 
j)Ose  of  enabling  us  to  vote  on  the  new  C'o?istitutii)n  wlien  it 
conies  up,  there  is  no  serious  objection  to  Mr.  I>aker's  anicnd- 
ment.  I  think  it  is  the  best  form  that  has  been  proposed.  All 
that  Mr.  Towne  can  (h)  now  is  to  propose  his  ameruhnent  at 
this  meetinir,  and  let  it  be  voted  on  a  vear  hence.  J  hit  Mr. 
Baker's  amendment  is  now  before  us  for  final  ])assage,  and,  if  i 
])assed,  it  will  enable  us  to  change  the  Constitution  as  we  ])lease 
by  its  amendment. 

The  Chairman. — The  Chair  would  call  the  attention  of  the 
members  to  the  fact,  which  is  a  matter  of  record  in  our  Trans- 
actions^ that  Mr.  Baker  jiroposed  an  amendment  to  Article  45  of 
the  By-Laws  at  the  annual  meeting,  and  again  at  the  Boston 
meetino-  he  brou":ht  the  same  amendment  before  the  Societv 
with  some  verbal  changes.  Mr.  F.  J.  Miller,  at  the  same  Boston 
meetinof.  also  offered  an  amendment  to  that  same  section  of  the 
Rules.  The  Chair  would  rule  concerning  this  action,  brought 
before  the  Society  under  the  provisions  of  the  present  Section  45, 
that  since  it  is  not  stated  in  the  By-Laws  that  it  is  necessary  to 
give  the  full  text  or  wording  of  a  proposition  to  amend,  but 
merely  a  notice  that  an  amendment  is  to  be  offered  for  consider- 
ation at  the  annual  meeting,  there  are  three  propositions  before 
the  meeting.  A  motion  to  adopt  any  one  of  these  will  place  the 
matter  properly  before  the  Society  for  discussion.  These  pro]io- 
sitions  are  Mr.  Baker's  amendment,  Mr.  Miller's  amendment, 
and  the  amendment  proposed  by  the  Committee  on  Ilules,  to 
Avhich  Mr.  Towne  has  made  an  amendment. 

Mr.  Kent. — Then  I  move  the  consideration  and  adoption  of 
Mr.  Charles  AVhiting  Baker's  amendment. 

This  motion  being  duly  seconded,  the  matter  was  before  the 
meeting. 

Mr.  Baler. — Mr.  Towne  has  stated  that  he  finds  the  amend- 
ment which  the  Committee  ])roposed  to  be  seriously  defective. 
Xow,  it  was  exactly  that  defect  in  the  Committee's  amendment 
which  led  me  to  ask  that  my  amendment  should  be  brought 
before  this  meeting,  because  the  defect  which  he  points  out  does 
not  exist  in  the  amendment  T  offer.  Mr.  Smith  suggests  that 
the  ten  days'  notice  to  the  Council  recjuired  by  my  amendment 
will  delay  action  on  the  general  amendment  of  the  Bules  now 
pending.  That  is  not  so.  The  action  can  be  taken  at  any  reg- 
ular meeting,  and  not  at  the  annual  meeting  only.     The  distin- 
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cruisliinir  feature  of  tlie  amendment  which  T  have  offered  Jis  com- 
pared  with  either  Mr.  Towne's  amendment  or  the  Coimiiittee's 
amendment,  is  tliat  before  anything"  can  be  s.ent  out  by  hotter 
ballot,  or  befoi-e  the  Society  can  be  put  to  expense  for  printing 
anything,  it  must  pass  the  gauntlet  of  the  Society  in  convention 
assembled.  That  is  tlie  point  we  must  l)e  careful  about.  Othei'- 
wise  it  is  within  the  ])ower  of  any  member  to  bring  in  an  amend- 
nu»nt  of  unlimited  length,  and  put  the  Society  to  the  expense  of 
])rinting  it  and  sending  it  out  to  the  membership.  That  is  ex- 
actly what  1  want  to  avoid. 

To  show  how  my  amendment  will  operate  I  will  illustrate  by 
taking  the  pending  general  amendments  to  the  Society's  Kules. 
It  has  been  proposed  that  these  amendments  shall  be  sent  out  to 
the  members  at  least  two  months  before  the  Spring  meeting. 
Now,  there  is  nothing  in  my  amendment  to  prevent  that.  My 
amendment  simply  provides  that  the  proposed  amendments  shall 
be  presented  to  the  Council  at  least  ten  days  before  a  regular 
meeting.  If  the  amendments  are  put  in  print,  of  course  that 
notice  will  be  given.  Then  these  amendments  will  all  come  up 
before  the  Society  at  the  Saratoga  meeting,  and  it  can  be  dis- 
cussed there  and  amended,  and  the  members  can  put  them  in 
any  form  they  think  best,  and  can  then  either  reject  them  or 
accept  them,  and  order  their  submission  to  the  whole  member- 
ship by  letter  ballot.  The  chief  point  of  my  amendment  is  that 
until  a  pending  amendment  is  approved  by  the  Society  in  con- 
vention assembled,  it  cannot  be  sent  out  to  letter  ballot.  This, 
it  seems  to  me,  is  the  reason  why  mine  will  prove  a  better  work- 
ing plan  for  the  Society  than  either  of  the  other  amendments 
which  have  been  offered. 

Mr.  Towne. — If  the  meeting  wnll  bear  with  me  I  would  like  to 
explain  the' process  which  I  have  sought  to  frame  into  a  rule.  It 
covers  these  very  important  facts: 

(1)  A  full  year  in  which  to  act  upon  an  amendment  to  tlie 
fundamental  law.  (2)  That  an  amendment,  when  pro])osed, 
must  be  ]uit  in  type  and  distributed  to  the  whole  membership  at 
least  two  months  before  the  meeting-  and  thus  mve  to  those  un- 
al)le  to  come  to  the  meeting  an  opportunity  of  instructing  their 
proxies  understandingly.  (li)  Any  amendment  so  introduced  at 
the  Spring  meeting  shall  be  o])en  to  discussion  at  that  meeting, 
and.  shall  be  put  into  final  form  at  that  meeting.  In  other 
words,  it  shall  receive  the  stamp  of  approval  of  so  much  of  the 
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Sociotv  as  is  ro])rosonto(l  ])orsonally  or  by  ])r()xy  at  thai  inucting, 
ami  thou  bo  l)()il(Ml  down  to  a  coiuTcto  form,  and  tliat  w  lien  so 
nHliuvd  to  dolinito  foi'in,  the  amendment  sliall  <r<>  out  Wtv  luillot 
vote  by  the  entire  membership  on  the  sim})le  (jnestion  ol  "  yes'' 
or  "  no." 

Now,  the  more  you  thiidc  over  what  we  are  trying  to  do,  the 
more  you  will  find  that  these  steps  are  eacli  of  them  essential  to 
tlie  best  result  in  a  matter  of  such  fundamental  importance,  and 
that  the  amendment  which  I  have  offered  for  your  consideration 
culls  out  the  good  points  in  all  the  others  which  have  preceded 
it.  The  orderly  Avay,  as  it  seems  to  me,  of  acting  in  this  matter, 
should  be  to  ]nit  these  several  amendments  in  the  order  of  their 
presentation;  and,  if  I  am  correct  that  the  good  points  of  all  of 
them  are  embodied  in  the  last,  vote  each  one  of  them  down  as  it 
comes  up,  with  the  intention  of  then  adoi)ting  the  final  one.  If 
that  is  adopted,  it  is  so  worded  as  to  make  it  feasible  at  this 
meetinfr  to  o-ive  such  notice  that,  at  the  December  meetinfr,  we 
can  act  upon  the  proposed  new  Constitution. 

J//'.  Ju'?it. — The  object  of  these  amendments  is  to  enable  us  to 
amend  the  Constitution.  AVe  should  amend  the  Constitution,  if 
we  do  it  at  all,  in  a  perfectly  legal  Avay.  Some  one  may  raise 
the  point  that  if  we  pass  Mr.  Towne's  amendment  instead  of 
that  which  Mr.  Baker  has  presented  it  would  not  be  legal, 
because  it  had  not  been  presented  in  due  form  at  a  previous 
meeting.  Aside  from  that,  Mr.  Towne's  amendment  is  presented 
at  this  meeting  for  the  first  time,  and  comes  to  us  as  somethinf^ 
new.  I  would  suggest  that  he  make  his  amendment  a  notice  of 
intention  to  amend  the  Rules  a  year  hence.  That  would  narrow 
the  present  consideration  down  to  ]\[r.  Baker's  amendment,  to 
which  it  seems  no  reasonable  objection  has  been  made. 

The  Chairman. — The  Chair  would  rule  that  any  substitute  or 
amendment  to  the  original  amendment  which  has  been  proposed, 
would  be  in  order  if  germane  to  the  amendment  of  Avliich  notice 
was  dulv  fjiven.  As  the  matter  now  stands  before  the  meetino- 
the  question  is  upon  Mr.  Baker's  amendment,  of  Avhich  he  gave 
notice  at  New  York  and  Boston. 

A  decision  being  called  for  as  the  result  of  the  viva  roct  vote, 
58  members  rose  iii  favor  and  38  in  oi)position  to  it.  The  Com- 
mittee held  94  proxies  in  favor  of  the  Baker  amendment,  which 
it  decided  to  favor,  making  the  total  vote  in  favor  of  the  adoption 
of  Mr.   Baker's  amendment  152;    38  negative  votes  added  to 
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2  ])roxies  cast  against  the  amendment,  made  40  negative  votes 
in  all.  The  (Jbairman  tliereu})on  announced  that  Mr.  J>aker's 
amendment  had  been  carried  by  a  vote  of  152  to  40. 

Recess  was  then  taken  nntil  half -past  two,  and  luncheon  was 
served  in  a  room  adjoining  tlic  meeting  place. 

Extra  Session.     AVednesday  Afternoon,  December  2d. 

The  meeting  was  called  to  order  at  2.30  v.  m.  by  the  reading 
of  the  Report  of  Tellers  of  Election,  as  follows: 

REPORT    OF    tellers. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast 
by  the  members  for  officers  of  the  American  Society  of  Mechan- 
ical Engineers  for  the  years  1902-1903,  begs  to  submit  the  fol- 
lowing report : 

Total  ballots  cast 549 

Ballots  throv/n  out  unsigned 4 

Ballots  thrown  out  signed  with  rubber  stamps 0 

Other  informal  ballots 4 

Total  informal  ballots 4 

Total  ballots  counted  by  tellers 545 

Of  the  regular  ballot  counted  by  the  tellers  they  would  report 
the  following  result : 

For  President, 

James  M.  Dodge 541 

Scattering 4 

For  Vice-Presidents, 

F.  H.  Daniels,  Worcester,  Mass 548 

Jas.  Christie,  Philadelphia,  Pa 547 

John  R.  Freeman,  Providence,  R.  1 524 

For  Managers, 

R.  C.  McKinney,  New  York,  N.  Y 541 

S.  S.  Webber,  Trenton,  N.  J 541 

Newell  Sanders,  Chattanooga,  Tenn 514 

For  Treasurer, 

F.  H.  Stillman,  New  York,  N.  Y 151 

Wm.  H.  Wiley,  New  York,  N.  Y. 264 

No  Choice . 130 
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Our  count  shows,  therefore,  the  election  of  ^^r.  Dtnl^ro  for 
President;  Messrs.  Diiniels,  Christie,  Freeman  for  Vice-I^resi- 
dents;  Messi*s.  McKinnev,  Webber,  Sandei*s  for  Mana«^ers;  Mr. 
Wiley  for  Treasurer. 

Respectfully  submitted, 

P.  M.  Chamukrlain', 
William  T.  1><)Nxi:k. 

The  Chair  asked  whether  Mr.  James  M.  Dod^^e,  President- 
elect, Avas  in  the  room,  and  on  Mr.  Dodge  rising  in  his  place,  he 
asked  him  if  he  would  accept  the  office  of  President  to  which  he 
had  been  elected.  On  Mr  Dodge  expressing  his  acceptance, 
Messrs.  C.  W.  Hunt  and  Worcester  K.  Warner,  a  special  Com- 
mittee appointed  for  this  purpose,  escorted  the  President-elect 
to  the  platform,  and  Vice-President  Waitt  from  the  Chair  intro- 
duced Mr.  Dodge  to  the  meeting  and  expressed  the  hope  that 
the  cordial  co-operation  and  consideration  which  had  been  ac- 
corded his  long  line  of  predecessors  might  be  continued  to  him. 
Mr.  Dodge  in  reply  assured  the  Society  of  his  pur])ose  to  per- 
form the  duties  of  his  office  to  the  best  of  his  ability  and  with 
an  eye  single  to  the  Avelfare  of  the  Society. 

Mr.  Gus  C.  Ilenning  presented  before  the  meeting  a  pamphlet 
embodying  a  series  of  resolutions  incorporating  proposed  amend- 
ments to  the  By-Laws,  and  moved  that  they  be  referred  to  the 
Committee  on  Rules  and  Methods,  as  follows : 

Mr.  Gus  C.  Ilenning. — A  year  ago  I  presented  these  amend- 
ments which  I  have  in  my  hand,  with  a  veiw  to  having  them 
considered  and  discussed.  In  view  of  the  fact  that  we  have  had 
a  considerable  discussion  on  these  questions  and  that  we  now 
have  a  Committee  which  is  instructed  to  look  into  these  matters 
carefully,  and  in  time  to  act  definitely  on  them  a  year  hence,  I 
would  like,  instead  of  taking  any  more  time  of  the  Soceity,  to 
present  the  following  resolution : 

Resolved,  That  all  proposed  amendments  to  the  Rules  which  have  been  formally- 
presented  during  the  past  year  for  consideration  by  the  Society,  and  which  have 
not  heretofore  been  acted  on,  be  now  referred  to  the  Committee  on  Rules  and 
Methods  for  consideration  in  connection  -with  the  other  subjects  for  the  consider- 
ation of  which  the  Conuiiittee  was  appointed,  and  that  the  membership  of  the 
Comnuttee  be  increased  to  five  members. 

This  motion  being  duly  seconded,  was  carried. 
The  Chair  announced  at  a  subsequent  meeting  the  appoint- 
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111011 1  of  Messrs.  Ti.  TT.  Soule  and  George  M.  Basford  as  such 
additional  members. 

The  next  order  of  business  was  the  consideration  of  the  Report 
of  the  Committee  on  Standard  Methods  for  the  Conduct  of  Steam 
Engine  Trials.  The  report  was  presented  by  title  by  Professor 
D.  S.  Jacobus,  Secretary  of  the  Committee,  and  was  followed 
by  printed  discussions.  Mr.  Kent,  after  contributing  his  sug- 
gestions to  the  Committee,  presented  a  motion  that  the  report 
be  received,  printed  in  the  Transactions^  and  that  the  Committee 
be  discharged  with  the  thanks  of  the  Society. 

On  motion  this  resolution  ^vas  adopted. 

Professional  papers  were  then  taken  up.  The  first  in  order 
was  the  paper  of  Mr.  Frederick  A.  Ilalsey  on  the  Metric  Sys- 
tem. This  paper  had  been  distributed  quite  widely  outside  of  the 
Society  among  those  interested,  as  well  as  to  the  membership,  and 
among  those  to  Avhom  this  invitation  had  been  extended  to  par- 
ticipate in  the  discussion  Avere  Dr.  S.  W.  Stratton,  Director  of 
the  Bureau  of  Standards  at  "Washington,  D.  C,  and  the  Hon. 
J.  II.  Southard,  Chairman  of  the  Committee  on  Coinage,  Weights 
and  Measures  of  the  House  of  Representatives.  The  other  par- 
ticipants in  debate,  in  writing  or  verbally,  were  Messrs.  C.  R. 
Gabriel,  ^G.  S.  Morison,  H.  H.  Suplee,  W.  S.  Rogers,  C.  Y. 
Kerr,  O.  C.  Woolson,  Percy  Sanguinetti,  E.  P.  Bates,  Spencer 
Miller,  James  M.  Dodge,  Wm.  Kent,  H.  R.  Towne,  H.  D.  Sharpe, 
Fred  A.  Geier,  G.  C.  Henning,  F.  J.  Miller,  Samuel  Webber, 
W.  W.  Crosby,  James  Christie,  and  C.  J.  H.  Woodbury.  At 
the  close  of  the  discussion  on  this  paper,  as  the  hour  was  already 
late,  the  meeting  adjourned  until  the  following  morning. 

Fourth  Session.     Thursday,  December  4th. 

The  meeting  was  called  to  order  at  10.15  by  Yice-President 
Waitt  in  the  Chair.  The  lirst  order  of  business  was  the  presen- 
tation of  a  Report  from  the  Committee  of  the  Society  appointed 
in  1896  to  prepare  and  have  in  readiness  material  in  opposition 
to  the  compulsory  adoption  of  the  Metric  System.  The  report 
was  as  follows : 

To  THE  American  Society  of  Mechanical  Engineers. 

Your  Committee  on  the  Metric  Sj^stem  beg  to  report  the  following  statement 
and  resolutions,  and  recommend  their  adoption  by  the  Society. 
The  common  sense  of  mankind  has  taught  them  that  in  all  systems  of  meas- 
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nrcnuMit  roinciiic^nn'  of  forininp  mental  conceptions,  convenience  of  expression, 
wluther  \-eil)al  or  written,  eon\enienee  of  coinj)utation  and  convt'tiience  of 
nieniorv,  all  re(|uire  that  interxals,  (listanc<>s  and  dimensions  shall  he  cxjiressed  in 
tiTms  of  the  iarj^est  suitahle  unit,  sup|)lemented  hy  smaller  units  when  neeessarw 

The  circle  is  di\  idetl  into  dejirees,  minutes  and  seconds,  'riinc  is  expresse<|  in 
years,  months,  days,  hours,  minutes  and  seconds. 

]W  Knglish-s|x>akinfi;  jx'oples,  geofjjraphical  mcasuniiM  iil  is  expressed  in  miles, 
and  hinary  divisions  of  the  mile. 

Land  measurement  is  expressed  in  rods,  yards,  U'vi  and  inches. 

In  cloth  measurement  and  in  cixil  engineerinji  works  our  unit  is  the  yard,  with 
its  binary  di\isions  . 

In  monetary  divisions,  the  English  emplo}-  three  units-  pounds,  shillings  and 
I^nce. 

We  have  two  units — the  dollar  and  the  cent. 

In  all  these  systems  of  measurement,  the  principle  observed  is  to  employ  the 
largest  unit  until  it  becomes  necessary  to  resort  to  the  smaller  ones. 

In  conformity  with  this  principle,  we,  in  common  with  all  English-speaking 
people,  employ  for  mechanical  nuv'isurements  two  units,  the  foot  and  the  inch,  and 
divisions  of  the  latter  by  continual  bisection.  We  employ  also  decimal  divisions 
of  the  inch  when  n(H'(^ssary,  but  not  otherwise,  finding  the  binary  divisions  more 
convenient  for  general  us(\ 

It  will  be  observed  that  in  all  these  sj-stems  these  units,  and  also  their  binary 
divisions,  have  distinctive  names,  and  so  are  presented  to  the  mind  as  concrete 
realities. 

In  defiance  of  the  principle  above  stated,  the  metric  system  requires  the 
designer  and  constructor  of  machinery  to  employ  a  single  unit,  and  that  the 
smallest  possible,  the  millimetre,  nearly  .04  of  an  inch,  and  to  express  all  dimen- 
sions in  terms  of  this  unit  and  to  employ  the  decimal  system  only. 

A  comparison  of  the  English  and  French  systems  of  linear  measurement  shows 
as  follows: 

The  French  system  consists  of  a  single  arbitrarj''  unit,  the  metre  and  decimal 
division  and  multiple  of  this  unit.  To  this  single  unit  and  this  single  system  of 
di\ision  the  Metric  System  is  limited. 

The  English  sj'stem  consists  of  five  units  in  common  use,  which  are  adapted  to 
to  different  dimensions  and  distances,  from  the  smallest  to  the  largest;  and  two 
systems  of  division,  the  decimal  system  and  the  binary  system. 

The  decimal  system  meets  all  requirements  that  any  decimal  sj'stem  could  do, 
and  w^e  are  free  to  employ  it  wherever  we  choose.  We  might  apply  it  to  the 
division  of  an}*  of  our  five  units,  if  we  saw  occasion  to  do  so.  Mechanical  engi- 
neers find  it  useful  principally  in  the  smaller  divisions  of  the  inch.  Civil  engineers 
employ  it  in  divisions  of  the  foot. 

The  binary  system  is  found  so  much  the  more  convenient,  that  it  is  employed 
exclusively  to  express  divisions  of  miles,  rods  and  yards.  The  foot  we  divide  into 
inches.  We  then  return  to  binary  divisions  of  the  inch  and  emplo}'  this  system 
for  all  ordinary  uses,  resorting,  as  already  observed,  to  decimal  divisions  only 
when  we  are  obliged  to.     The  two  systems  work  together  in  perfect  harmony. 

We  find  that  in  linear  measurement  the  proper  field  of  the  decimal  system  is  for 
the  expression  of  small  dimensions,  or  those  larger  ones  that  could  not  be  ex- 
pressed otherwise ;  for  general  use  it  is  out  of  place. 

The  reason  for  this  universal  preference  of  the  binary  system  lies  in  this  valuable 
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fcaturo.  Tts  sninllcr  dixisioiis  arc  ali<|U()l  parts  of  all  larfjcr  dixisioiis  of  the  unit, 
and  coiucrscly,  \\\r  latter  arc  all  multiples  of  the  former.  It  is  thus  soon  to  be; 
the  uat  ural  system  of  di^■isioll —  cont  inual  bisect  ion. 

In  addition  to  this,  foundcul  uf)on  the  interesting  relation  l)etwocn  the  two 
engineering;  imits,  the  foot  and  the  inch,  we  luive  a  remarkable  system  of  scales, 
the  valuable  f:;(>ncral  feature  of  which  is  an  interrelation  similar  to  that  between 
binary  di\isions  of  the  unit  above  noted. 

It  will  be  observed  that  the  English  system  imposes  no  restriction.  We  have 
entire  fn^edom  of  choice  and  use  the  decimal  or  the  binary  divisions  as  we  see  fit. 

These  great  advantages,  palpable  to  everyone,  in  the  judgment  of  your  com- 
mittee render  it  certain  that  before  the  close  of  this  century  the  English  system 
of  lin(\ar  measurement  will  come  into  universal  use;  when  the  Metric  System,  so 
far  as  measurements  are  concerned  will  have  disappeared,  as  its  supposed  scien- 
tific foundation  has  done  already. 

In  view  of  the  above  facts,  your  committee  offers  the  following  resolutions : 

First — Rcfiolved,  that  the  Mechanical  Engineers  of  this  country  are  the  only 
parties  competent  to  decide  intelligently  upon  a  system  of  measurement  most 
suitable  for  their  own  use. 

Second — Resolved,  as  for  the  bill  now  before  Congress,  providing  that  the  Metric 
System  shall  be  the  legal  system  of  weights  and  measures  in  the  United  States, 
and  making  its  use  obligatory  in  the  go^•crnment  departments,  that,  so  far  as  it 
affects  mechanical  measurements,  conceived  in  ignorance,  it  is  simply  absurd. 

The  meeting  seemed  unprepared  to  take  action  upon  the  reso- 
lutions presented  in  the  report,  so  that  on  motion  the  resolutions 
-proposed  by  the  Committee  were  laid  upon  the  table  by  a  rising 
vote,  3G  in  favor  of  the  motion  to  lay  it  upon  the  table  and  22 
against  it.  The  Chair  declared  the  motion  to  lay  the  report 
upon  the  table  carried. 

It  was  then  moved  tliat  the  Council  be  requested  to  consider 
the  appointment  of  a  committee  such  as  suggested  by  Mr.  James 
Christie  in  his  paper  read  at  the  previous  session,  ujion  the  gen- 
eral question  of  the  preparation  of  the  arguments  for  and  against 
the  adoption  of  the  Metric  System.  It  was  Mr.  Christie's -sug- 
gestion that  such  a  commission  should  consist  of  a  dozen  mem- 
bers, of  whom  three  should  be  chosen  from  the  American  Society 
of  Mechanical  Engineers,  three  from  the  x\merican  Society^  of 
Civil  Engineers,  three  from  the  Association  for  the  Advancement 
of  Science,  and  three  from  the  ^ew  York  Chamber  of  Commerce. 

It  was  suggested  that  additional  members  of  the  commission 
should  be  chosen  from  the  American  Institute  of  Electrical  En- 
gineers, the  Franklin  Institute,  and  the  American  Institute  of 
Mining  Engineers.  It  was  on  motion  left  entirely  to  the  Council 
as  to  the  choice  of  the  constitution  of  this  Committee.  It  was  sug- 
gested that  in  view  of  the  fact  that  this  Society  was  more  con- 
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ceriied  with  the  matter  of  ineasiireinents  and  changes  in  tlie  units 
of  nieasui'enient  than  all  other  societies  ]uit  to^c^ther,  that  it 
would  be  a  mistake  to  brini^  in  representatives  of  other  l)odies. 
The  moti(m,  as  amended  by  Mr.  Miller,  was  that  tiio  Council  he 
requested  and  instructed  to  consider  the  question  of  appointment 
of  a  committee,  as  suggested  by  Mr.  Christie  in  hispa|)er,  and  if, 
in  its  ojiinion,  this  would  be  desirable,  to  confer  with  other  kin- 
dred societies  in  the  matter  to  bring  about  the  api)ointment  of 
a  joint  committee.  A  rising  vote  being  called  for,  those  in  favor 
of  the  resohition  were  counted  3-i,  and  those  oi)posed  21.). 

The  Chair  announced  the  motion  carried. 

In  this  connection  the  following  resolution  was  presented  and 
duly  seconded: 

Whereas,  the  technical  press,  in  1002,  published  statements  iinpiyin*;  that  th(^ 
American  Society  of  Mechanical  Engineers  had  taken  action  withdrawing:  its  op- 
position to  the  adoption  of  the  Metric  System  as  the  standard  of  weights  and 
measures  for  the  United  States  and 

Whereas,  there  is  no  foundation  in  fact  for  such  state ments,- 
Therefore,  Resolved,  that  the  society  hereby  records  the  fact  that  at  no  time 
has  it  taken  any  action  reversing  its  original  attitude  of  opposition  to  the  adoption 
of  the  Metric  System  or  susceptible  of  such  interpretation. 

In  the  debate  the  following  explanations  w^ere  asked  and 
offered : 

JL'.  James  P.  Tolman. — May  I  ask  a  little  further  explana- 
tion ?  "We  have  been  told  that  this  Society  never  gave  its  assent 
to  any  standard,  and  w^as  not  to  be  considered  or  quoted  as  favor- 
ing a  standard  in  any  ^vay.  I  would  like  to  know  what  the 
action  of  the  Society  mav  have  been,  Avhich  it  is  said  herein 
has  never  been  rescinded  ? 

The  Secretary. — It  will,  perhaps,  be  remembered  by  the  older 
members  of  the  Society  that  at  its  first  meeting  in  the  spring  of 
ISSO,  Mr.  Coleman  Sellers  of  Philadelphia  presented  a  paper 
urging  the  arguments  against  the  Metric  System.  Following 
that  paper  a  letter  ballot  of  the  Society  was  ordered  in  the  sum- 
mer of  1880  on  the  general  question — the  Secretary  does  not 
remember  the  wording — that  in  the  sense  of  this  Society  it  is 
inexpedient  to  urge  the  compulsory  adoption  of  the  Metric  Sys- 
tem, and  that  was  carried  by  the  vote  of  the  Society.  That  was 
directed  to  the  particular  object  to  which  reference  has  been 
made,  and  the  Society  did  put  itself  on  record  22  years  ago  that 
it  w^as  against  the  compulsory  adoption  of  the  Metric  System. 
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At  tlic  conclusion  of  tliis  cx])huiiition  and  further  statements 
l)y  Messrs.  llenning  and  Ilalsey  concerning  the  policy  of  the 
Society,  the  resohition  was  ])assed. 

The  meeting  then  passed  to  the  reading  and  discussion  of  pro- 
fessional ])a])ers,  as  follows: 

It  was  on  motion  resoh^ed  that  until  the  convention  should 
catcli  up  with  the  time  table  outlined  in  its  docket,  the  papers 
should  be  read  by  title,  so  as  to  give  full  time  and  opportunity 
for  their  discussion. 

Prof.  Sidney  A.  Reeve,  on  '^Entropy  Analysis  of  the  Otto 
Cycle  " ;  "  Apparatus  for  Obtaining  a  Continuous  Record  of  the 
Position  of  an  Engine  Governor,"  by  Mr.  Jos.  C.  Riley;  ''Fly 
AVheel  Capacity  for  Engine-Driven  Alternators,"  by  W.  I. 
Slichter;  ''Heat  Resistance  the  Reciprocal  of  Heat  Conductiv- 
ity," by  Mr.  AVm.  Kent;  "A  Forty -four-foot  Pit  Lathe,"  by 
Mr.  J.  M.  Barnay;  "Finer  Screw  Threads,"  by  Mr.  Charles  T. 
Porter;  "A  Surveying  Instrument  in  the  Machine  Shop,"  by 
Mr.  C.  C.  Tyler;  "Gift  Propositions  for  Paying  Workmen," 
by  Mr.  Frank  Richards;  "Deflections  of  Beams  by  Graphics," 
b}^  Mr.  W.  Trinks,  and  "Topical  Discussion  on  Smoke  Con- 
sumption." 

The  participants  in  debate  on  these  various  subjects  were 
Messrs.  Suplee,  C.  Y.  Kerr,  H.  E.  Longwell,  Fred  J.  Miller, 
Henshaw,  Pomeroy,  Henning,  Christie,  Oberlin  Smith,  Geo.  L. 
Fowler,  E.  S.  Boyer,  Sangainetti,  W.  S.  Rogers,  H.  L.  Gantt, 
McGill,  Alden,  E.  D.  Meier,  Sangster,  Ennis,  JN'orris,  A. 
Bement,  and  E.  P.  Bates. 

Concluding  Session.      Feiday  Morning,  December  5th. 

The  final  session  was  called  to  order  by  Past-President  Charles 
Wallace  Hunt,  at  10.15,  with  a  view  to  securing  all  time  possible 
for  the  reading  and  discussion  of  papers,  although  the  formal 
session  had  been  set  for  half-past  ten.  The  session  was  convened 
in  the  auditorium  of  the  Society  House.  Vice-President  Waitt 
took  the  Chair  promptlv  at  the  hour  set  for  opening. 

The  first  paper  was  by  Mr.  J.  T.  Wilkin,  on  "  Rotary  Pumps," 
which  was  discussed  by  Messrs.  Tompkins,  Lane,  Suplee,  Kings- 
bury, Henning,  McBride,  and  Winship.  The  paper  bv  Mr. 
H.  M.  Lane  on  a  "  Filing  System  for  Office  Use  "  was  discussed 
by  Messrs.  Fowler,  Crosby,  W.  E.  Partridge,  Suplee,  Pomeroy 
and  Spangler.     The  paper  by  Mr.  A.  F.  N^agle,  entitled  "Anal- 
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ysis  of  the  Comincrciiil  Value  of  a  Water  Power  per  Horse  Power 
per  Anmnn  "  was  discussed  1)V  Messrs.  Kent,  Koekwood,  Span<;-- 
ler,  Allen,  and  Lewis.  Tlu^  paper  by  J\lr.  l>artholom(nv  Viola 
on  **  Centrifuo^al  IMacliines  "  was  illustrated  ])y  models  in  actual 
operation  and  (juestions  were  asived  by  Messrs.  Krucsi  and  Kent, 
and  the  concluding  paper  in  the  regular  series  was  tliat  of  Prof. 
Albert  Kingsbury,  on  ^'An  Oil  Testing  Machine  and  Some  of 
its  Results,"  which  was  discussed  by  Dr.  K.  11.  Thurston,  Pro- 
fessor Kintrsburv  and  Mr.  Kent. 

The  Topical  Discussions,  Avhicli  had  not  been  reached  at  the 
session  on  Wednesday  morning,  were  then  taken  up  and  covei-ed 
a  treatment  of  Elastic  Resistance  whicli  is  offered  by  bodies  to 
the  displacement  of  particles,  resulting  in  a  change  of  volume, 
^vhich  was  discussed  by  Messrs.  Henning,  Hale,  Suplee,  Richards 
and  Kingsbury. 

The  subject  of  Oil  Burners  was  discussed  by  Messrs.  Arnold, 
Williston,  Kent,  Wilkin,  Hand,  Suplee,  Piatt  and  Kingsbury; 
Messrs.  Lewis,  Christie,  Bates,  La  Forge,  Kent  and  Rogers  pre- 
sented discussion  on  the  subject  of  Separation  of  Oil  from  Steam. 
On  the  subject  of  Oil  Tempering  of  Steel,  ^lessrs.  E.  R.  Mark- 
ham,  Oberlin  Smith,  Rogers,  Gabriel,  and  AVilliston  took  part. 

By  an  oversight,  matter  whicli  had  been  contributed  on  the 
Casting  of  Iron  Around  Wrought  Iron  or  Steel  Shafts  was  passed 
by  and  deferred  to  a  later  meeting. 

The  Chairman  then  asked  at  the  close  of  the  professional  busi- 
ness whether  there  were  any  matters  of  executive  or  new  business 
which  members  would  like  to  present  before  the  motion  to  ad- 
journ was  in  order.  Mr.  E.  M.  Hewlett,  of  Schenectady,  expressed 
the  pleasure  of  the  members  resident  in  the  neighborhood  of 
Saratoga  that  the  Council  had  given  favorable  consideration  to 
the  proposition  to  meet  at  Saratoga,  and  on  behalf  of  the  interest 
he  supplemented  the  invitations  which  had  already  been  received. 

The  Secretary  requested  that  authority  might  be  given  to  him 
to  return  to  the  Metropolitan  Street  Railw^ay  Company  and  to 
the  companies  operating  the  big  power  stations  which  tlie  mem- 
bers had  visited  on  Thursday,  the  proper  votes  of  thanks  in  the 
name  of  the  Society.  He  also  gave  notice  of  the  intention  to 
resiime  the  practice  of  holding  monthh^  reunions,  probably  on 
the  first  Tuesday  evening  of  the  winter  months,  pursuant  to 
earlier  announcement. 

On  motion,  the  Secretary  was  directed  to  return  the  thanks  of 
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the  Society  to  those  corporations  and  individuals  whose  guests 
the  Society  had  been  during  the  continuance  of  this  annual 
meeting. 

The  Chairman. — Is  there  any  further  new  business  to  come 
before  the  meeting  ? 

Mr.  Kent. — In  a  conversation  with  a  few  members  on  the 
subject  of  the  discussion  that  was  had  on  the  Metric  System  the 
other  day,  it  was  agreed  that  it  had  been  left  in  a  very  unsatis- 
factory shape.     I  therefore  have  this  motion  to  make: 

Moved,  that  the  Council  is  hereby  requested  to  obtain,  by 
means  of  a  letter  ballot,  the  sentiment  of  the  members  of  the 
Society  in  regard  to  the  bill  now  before  Congress  making  the 
Metric  System  of  \\^eights  and  Measures  the  legal  standard  in 
the  United  States. 

Second,  that  such  ballot  shall  contain  a  reprint  of  the  proposed 
law  and  two  questions  to  be  voted  on,  ''  yes  "  or  ^'  no  " : 

(1)  Do  you  approve  of  the  first  paragraph  of  the  proposed 
Law? 

(2)  Do  you  approve  of  the  second  paragraph  ? 

It  shall  also  request  that  the  member  voting  shall  express 
briefly  his  princpal  reasons  for  or  against  the  Metric  System  in 
a  statement  not  exceeding  fifty  w^ords  in  length. 

In  addition  to  the  member's  signature  to  the  ballot  he  shall 
state  his  title,  position  or  occupation,  and  state  whether  the  sub- 
stitution of  the  Metric  for  the  English  System  would  have  any 
effect  on  his  business. 

The  Chairman. — The  Chair  Avould  have  to  state  in  connec- 
tion with  this  motion  that  it  would  seem  to  be  out  of  order 
at  this  present  time.  At  the  larger  session  of  the  Society  yester- 
day morning  the  matter  was  brought  up,  but  after  having  spent 
a  good  part  of  the  day  on  the  discussion  of  the  pros  and  cons, 
the  Committee  on  the  Metric  System  suggested  certain  resolu- 
tions expressing  a  definite  statement  of  the  sentiment  of  the 
Society.  It  was  voted  by  the  membership  at  that  time,  by  lay- 
ing the  resolution  on  the  table,  that  they  did  not  want  to  express 
themselves  definitely  in  regard  to  it  at  this  meeting,  and  it  w^ould 
seem  it  w^ould  not  be  proper  to  bring  the  question  up  at  this 
meeting  when  a  majority  of  the  members  decided  that  they  did 
not  want  to  take  it  up. 

Mr.  Kent. — I  think  that  was  entirely  a  different  question.  It 
has  been  decided  for  the  last  15  or  20  years  that  this  Society  will 


NEW    YOIIK    MLETIXG.  73 

not  as  a  Society  state  that  it  has  an  opinion,  but  it  is  an  entirely 
(litTerent  matter  to  request  the  members  of  the  Society  individ- 
ual! v  to  express  their  opinions  under  their  names.  It  has  no 
relation  to  the  vote  to  lay  on  the  table  the  (piestion  brought  up 
yesterday. 

J//'.  C,  ir.  Hunt. — I  trust  that  this  will  not  be  acted  upon  at 
this  late  hour  and  at  the  last  session  of  the  annual  meeting. 
This  is  a  matter  to  affect  a  proposed  law  now  before  Congress. 
If  we  enter  into  the  field  of  influencing  legislation  in  this  case 
a  call  can  reasonably  be  nuide  for  similar  action  on  any  other 
bill  that  may  hereafter  come  before  Congress.  Influencing 
legislation  is.  in  my  view,  entirely  foreign  to  the  objects  of  this 
Society,  which  should  be  a  scientific  body,  a  body  to  hear  and 
record  papers  and  discussions  and  make  investigations  and  re- 
]>orts  on  engineering  subjects.  "What  may  or  may  not  be  done 
bv  Confjress  is  a  foreio^n  matter.  It  mav  concern  a  commercial 
society,  bat  does  not  concern  a  scientific  association  ;  and  I  think 
that  we  should,  as  a  body,  keej)  ourselves  entirely  free  from  com- 
mercialism. Any  of  our  members  who  wish  to  join  together  to 
further  or  hinder  the  passage  of  the  Law  are  free  to  do  so,  but 
as  a  society  we  should  keep  entirely  free  from  all  trade-union 
and  commercial  tendencies  which  may  be  quite  proper  in  other 
associations. 

J//'.  Kent. — I  would  say  as  to  the  policy  of  the  Society,  at  the 
very  first  session  the  Society  ever  had  this  was  considered  a 
proper  question  to  take  up.  Every  scientific  society  in  the 
nation,  I  believe,  has  discussed  the  question.  Engineering  soci- 
eties all  over  the  country  and  all  over  the  world  have  discussed 
it,  and  if  this  Society  says  it  will  not  discuss  such  a  question  we 
will  stand  unique  in  the  history  of  the  world. 

2fi\  Hunt. — I  object  to  his  calling  it  a  scientific  question.  It 
is  not.  There  never  was  any  science  in  it,  and  I  have  got  gray- 
headed  reading  and  hearing  this  assertion. 

The  Chairman. — I  have  not  heard  the  gentleman's  motion 
seconded. 

A  Mentber. — I  second  it. 

Tlte  Chairman. — It  would  seem  rather  a  reflection  on  the 
Cominittee  who  have  made  the  report  at  this  meeting  if  a 
resolution  of  this  kind  is  passed.  They  have  been  asked  to  take 
the  matter  up,  and  their  report  has  been  received  and  ordered  to 
be  printed,  and  the  resolutions  that  were  offered  by  them  have 
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been  laid  on  the  table,  and  if  it  should  be  placed  in  the  hands  of 
the  Council  to  go  ahead,  it  would  seem  like  a  retlection  that  the 
Committee  had  not  been  comj)etent  to  carry  out  their  work. 
Althougli  the  motion  has  been  made  and  seconded,  and,  if  it  is 
desired,  I  will  i)ut  the  motion,  yet  I  would  call  attention  to  the 
fact  that  I  hardly  think  the  Society,  or  the  member  who  made 
the  motion,  would  want  to  reflect  on  the  Committee. 

Mr.  Fred  J.  Miller. — The  Committee's  resolutions  regarding 
the  proposed  bill,  if  they  had  been  passed,  would  have  constituted 
a  radical  departure  from  the  position  taken  by  this  Society  from 
the  start.  The  Society  has  always  decided  that  it  would  not  go 
into  such  a  question  or  take  a  position  on  either  side.  I  would 
have  opposed  a  resolution  endorsing  the  bill  before  Congress, 
because  I  do  not  think  the  Society  should  place  itself  on  record 
one  way  or  the  other  by  such  a  resolution.  I  think  when  we 
have  had  time  to  think  it  over  we  will  all  be  glad  that  we  tabled 
those  resolutions  committing  this  Society  to  an  entirely  different 
course  from  that  which  it  has  heretofore  pursued  regarding  such 
matters. 

Mr.  Ilalsey. — Engineering  and  scientific  societies  all  over  the 
country  are  voting  upon  this  matter,  and  it  seems  a  very  strange 
state  of  things  if,  because  of  an  old  tradition,  the  American 
Society  of  Mechanical  Engineers,  which  has  more  at  stake  than 
any  other  three  societies  combined,  is  unable  to  learn  the  opinion 
of  its  members. 

Mr.  Hunt. — I  think  this  is  an  entirely  unsuitable  time  to  call 
up  a  question  of  this  importance.  It  seems  to  me  to  be  both 
unjust  and  unsatisfactory,  and  it  proceeds  on  the  assumption  that 
the  Society  is  justified  in  doing  this  sort  of  thing.  In  my  opin- 
ion it  is  a  matter  foreign  to  the  Society  and  its  purposes. 

Mr.  Ilenning. — I  seconded  the  motion  yesterday  to  lay  the 
report  of  the  Society's  Committee  on  the  Metric  System  on  the 
table,  on  the  ground  that  the  passage  of  such  resolution  would 
be  absolutely  contrary  to  those  principles  on  which  the  Society 
has  been  conducted  for  over  sixteen  years.  The  whole  matter 
of  the  attitude  of  the  Society  towards  the  Metric  System  has 
been  put,  by  resolution  passed  at  that  same  meeting,  into  the 
hands  of  the  Council,  in  order  that  it  may  take  competent  and 
proper  action  in  conformity  with  the  principles  of  this  Society, 
and,  if  possible,  may  gather  an  expression  of  opinion  from  all 
engineers  and  not  from  one  group  of  them.     I  think  for  these 
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reasons  wc  slionld  not  try  at  this  time  to  force  somotliinf^  tliron^li 
the  «^enoral  nieotin*^  in  a  manner  which  savors  of  practical  jmiM 
tics,  wlien  our  Council  has  l)ccn  directed  to  tak(Mh'finit(?  nctioii 
along' other  lines.  We  (h)  not  know  what  the  true?  facts  in  tli«» 
case  are,  and  1  am  sur])rised  at  the  last  moment  of  a  meetiii<^^ 
that  an  attempt  to  ta-k-e  the  matter  up  in  another  form,  with 
different  members  present,  after  a  resolution  havin<^  somewhat 
the  same  purjiort  has  been  ordered  to  lie  on  the  table. 

Mr.  Freil  J.  ^filler. — I  do  not  see  that  this  is  the  same  thin^r. 
The  resolution  adopted  yesterday  providing  for  the  a])pointment 
of  members  of  this  Society  to  confer  with  mem])ers  of  the  other 
societies  and  then  to  express  an  opinion  regarding  the  merits  of 
the  law  or  regarding  the  merits  of  the  Metric  System,  is  an  en- 
tirely different  thing  from  a  proposal  to  obtain  the  opinions  of 
members  of  this  Society  as  individuals  regarding  the  L'uv  now 
before  Cono^ress,  or  the  Metric  System,  for  that  matter.  The 
two  things  are  entirely  different.  I  do  not  wish  to  be  under- 
stood as  endorsing  the  enforced  introduction  of  the  Metric  Sys- 
tem simply  because  I  do  not  want  the  Soceity  to  op])ose  this 
proposed  law.  I  think  the  two  things  should  be  kept  entirely 
distinct,  but  believe  there  is  a  sentiment  among  a  good  many 
members  of  the  Society  to  the  effect  that  the  mechanical  engi- 
neers  of  the  country  are  almost  infinitely  more  interested  in 
standards  of  length  and  of  ineasurement  than  is  any  other  body 
of  eno^ineers.  I  believe  that  is  true.  For  that  reason  it  would 
be  perhaps  desirable  that  this  Society  should  take  action  of  its 
own,  independent  of  the  other  engineering  societies,  and  for  that 
reason  I  can  see  no  objection  to  an  effort  being  made  to  call  out 
an  expression  of  opinion  by  the  members  of  this  Society  on  this 
question  in  the  same  way  that  has  been  done  by  the  Franklin 
Institute  I  believe,  and  by  the  Western  Society  of  Engineers  I 
am  certain,  and  for  that  reason  I  should  not  oppose  this  resolu- 
tion if  the  Chair  declares  it  in  order,  which  I  believe  has  not  yet 
been  done.  But  if  such  a  resolution  is  adopted,  I  should  propose 
an  amendment  that,  inasmuch  as  the  paper  of  Mr.  Ilalsey  and 
the  discussion  upon  it  will  have  to  be  put  in  type  b}^  the  Society 
at  any  rate,  probably  little  additional  expense  would  be  incurred 
if  the  paper  and  all  the  discussion  complete  were  sent  to  each 
member  ^vith  the  request  that  he  carefully  read  it  and  then  cast 
his  vote.  I  think  that  Mr.  Christie's  paper,  carefully  read  by 
the  members  of  this  Society,  ought  to  have  considerable  effect. 
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I  am  sorry  it  was  not  more  generally  heard ;  it  was  a  good,  sound 
])aper.  It  ought  to  be  read  before  deciding  that  question.  So 
that  if  the  resolution  of  Mr.  Kent  is  in  order  and  is  to  be  voted 
on,  I  propose  an  amendment  to  that  effect. 

The  Chairman. — I  would  state  for  the  meml)ers  that  the 
motion  as  it  has  been  made  would  seem  to  be  in  order. 

Mr.  Kent. — I  have  no  objection  to  accepting  thatamendment. 
AVhat  I  j)ro})ose  is,  no  expression  whatever  by  the  Society  as  a 
society,  but  simply  to  use  the  clerical  nuichinery  of  the  Society 
in  order  to  collect  together  the  opinions  of  the  men  with  their 
own  signatures. 

The  Chairman. — What  would  be  done  with  the  discussion? 

3fr.  Kent. — The  whole  matter  would  come  before  the  Publica- 
tion Committee,  to  publish  the  resolutions  in  such  form  as  they 
think  best. 

The  Chairman. — Might  I  ask  Mr.  Kent  just  what  relation 
this  work  would  have  as  regards  the  work  laid  out  for  the 
special  committee  appointed  yesterday  to  take  up  the  subject, 
not  only  for  this  Society,  but  in  a  broader  way  ? 

Mr.  Kent. — It  would  have  no  relation  whatever.  That  other 
committee  could  do  the  work  assigned  to  it.  This  is  merely  a 
collection  of  individual  opinions  of  men  to  write  over  their  signa- 
tures what  they  think  on  the  subject. 

Mr.  F.  A.  liaise y. — The  vote  of  yesterday  was  in  accordance 
with  the  same  tradition  that  led  to  the  action  taken  at  the  Boston 
meeting  last  spring,  and  yesterday's  action  will,  I  believe,  be 
misunderstood  at  Washington  precisely  as  the  Boston  action  was 
misunderstood.  I  have  no  doubt  that  yesterday's  vote  will  be 
understood  at  Washington  to  mean  that  the  Metric  advocates 
have  been  able  to  prevent  a  vote  being  taken,  and  I  believe  that 
what  we  have  done  up  to  the  present  time  will  assist  the  passage 
of  the  measure. 

Mr.  Fred  J.  Miller. — This  Society  cannot  avoid  being  mis- 
understood. The  action  taken  at  Boston  was  misunderstood, 
I  think,  but  we  always  have  our  records.  If  anybody  wants  to 
find  out  the  action  of  the  Societv  reo:ardino:  anvthino*  of  this 
kind  he  can  consult  the  records ;  but  if  he  will  not  do  that,  we 
cannot  prevent  his  misunderstanding.  Anybody  is  likely  to  be 
misunderstood  by  persons  who  do  not  take  pains  to  investigate. 

At  the  close  of  the  debate  the  Chair  put  the  question  on  Mr. 
Kent's  resolution,  and  in  that  form  the  motion  was  carried. 
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The  motion  to  adjoiu'ii  ))oiii<^  in  order,  \' ice- President  AVailt 
expressed  regret  that  business  engagements  had  jU'eventcd  the 
})resence,  at  the  closing  session  of  the  convention,  ol"  l*resi(h'nt- 
Q\ect  James  M.  Dodge,  that  he  might  tiiiii  over  to  liim  the  gavel, 
wliicli  is  the  emblem  of  authority.  He  expressed  also  his  thanks 
to  the  Society  for  their  courtesy  and  co-operation  in  tlie  work  of 
the  Chairman,  and  on  motion  the  convention  adjourned. 

The  eveninfi:  of  AVednesdav,  which  has  usuallv  been  left  oi)en 
for  the  convenience  of  members  attending  to  personal  business, 
was  devoted  to  the  discussion  of  the  Metric  System.  The  after- 
noon of  Thursday  Avas  devoted  to  a  visit  to  the  power  stations 
of  the  Interurban  Street  Railway  Company  at  Ninety-third 
Street,  the  Manhattan  Elevated  Eailway  at  Seventy-fourth 
Street,  and  the  waterside  station  of  the  Xew  York  Edison  Com- 
pany at  Thirty-eighth  Street.  The  Interurban  Street  Eailway 
Company  arranged  that  the  Metropolitan  Street  Eailway  Com- 
pany should  furnish  free  transportation  by  ticket  for  these 
visits.  The  opportunity  to  study  and  examine,  under  competent 
guides,  these  late  examples  of  large  unit  practice  in  power  gen- 
eration was  much  appreciated. 

On  the  evening  of  Thursday  the  usual  reception  of  the  annual 
meeting  was  held  at  Sherry's,  Forty-fourth  Street  and  Fifth 
Avenue.  The  members  were  received  by  Vice-President  Waitt 
and  b}^  President-elect  James  M.  Dodge  and  Mrs.  Dodge;  GOG 
members  and  guests  were  present. 

On  the  afternoon  of  Friday,  by  the  courtesy  of  Mr.  C.  B. 
Eearick,  of  the  D'Olier  Engineering  Company,  an  excursion  Avas 
organized  to  the  works  of  the  De  Laval  Steam  Turbine  Company 
at  Trenton. 
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No.   J>55.* 

APPARATUS  FOR  OBTAINING  A  CONTINUOUS  REC- 
ORD OF  THE  POSITION  OF  AN  ENGINE  GOV- 
ERNOR AND  THE  SPEED  OF  THE  ENGINE  WHICH 
IT  IS   GOVERNING. 


BY   JOSKPII   C.   RILEY,   BOSTON,   MASS. 

(Non-Member.) 

From  tlie  earliest  days,  when  automatic  devices  were  first  used 
to  regulate  the  speed  of  steam  engines,  attempts  have  been  made 
to  discuss  mathematically  the  motions  of  the  regulators  or  go\- 
ernors.  Watt's  original  pendulum  governor,  turning  steadily  on 
its  vertical  spindle  with  but  little  work  to  do,  offered  slight  diffi- 
culty; but  the  almost  innumerable  forms  developed  since  then 
have  so  complicated  the  task  that  equations  dealing  with  all  the 
forces  which  influence  a  governor's  motion  must  usually  contain 
factors  not  only  uncertain,  but  quite  unknown.  Terms  must  be 
introduced  to  allow  for  that  indefinite  quantity,  friction,  as  well 
as  external  resistance  and  inertia  of  parts  actuated  by  the  gov- 
ernor; and  the  result  is  a  set  of  equations  useful  for  little  more 
than  a  mathematical  study  until  the  unknown  coefficients  can  be 
determined  by  experiment. 

Of  the  many  excellent  steam-engine  governors  in  use,  very  few 
were  developed  by  mathematical  investigation.  ISFearly  all  are 
the  result  of  repeated  trials  and  continual  improvements  of  types 
already  existing.  But  although  they  are  remarkably  successful 
in  regulating  both  closely  and  quickly,  it  is  none  the  less  true  that 
their  operation  and  proper  adjustment  are  not  generally  under- 
stood. This  statement  applies  particularly  to  shaft  governors 
which  revolve  in  a  vertical  plane,  and  which  usually  actuate  one 
or  more  valves;  for  such  governors  are  not  only  influenced  by 
more  forces  than  ordinary  conical  pendulum  governors,  but  gener- 
ally they  run  at  high  speed  in  a  position  which  makes  it  difficult  to 
study  them.  A  complete  account  of  the  behavior  of  such  a  gov- 
ernor while  actually  regulating  its  engine  has  never  yet  been 

*  Presented  at  tlie  New  York  meeting  (December,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 
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given.  That  it  would  be  interesting,  to  aay  the  least,  has  often 
been  admitted;  and  yet  the  number  of  experiments  which  have 
been  made  to  tind  out  what  any  governor  aclualUj  does  when  gov- 
erning is  far  less  than  the  number  of  equations  which  have  been 
written  to  show  what  it  icould  do  if  subjected  to  only  those  in- 
fluences which  can,  without  much  difficulty,  be  discussed  in  figures. 

To  obtain  information  of  the  relations  between  speed  and  posi- 
tion and  the  influence  of  friction  in  governors,  a  number  of  ex- 
periments were  made  by  W.  G  llibbins,  under  the  direction  of 
Prof.  K.  H.  Smith,  at  Mason  College,  Birmingham,  England. 
Nine  different  governors  were  used;  six  of  them  of  the  ordinary 
throttling  type,  revolving  on  vertical  spindles,  and  controlling 
throttle  valves  ranging  from  1^  to  3^  inches  in  diameter.  For 
testing,  each  was  mounted  on  a  special  stand  wdth  its  valve,  and 
could  be  driven  at  any  desired  speed  by  means  of  a  belt.  A 
pencil,  clamped  to  the  governor  sleeve,  marked  on  a  rotating 
drum  and  recorded  continuously  the  height  of  the  sleeve.  From 
mean  ordinates  of  the  diagrams  obtained  for  each  different  speed 
of  an  increasing  and  a  decreasing  series,  a  speed-position  plot  was 
made,  and  the  difference  in  position  for  any  given  speed,  when 
rising  and  again  when  falling,  was  clearly  sho^vn.  Tests  were 
made  on  two  shaft  governors  arranged  to  rotate  between  lathe 
centres,  while  observations  were  taken  of  the  position  of  the  con- 
trol point  and  the  speed  of  rotation.  One  of  them,  a  Turner- 
Hartnell  governor,  carried  an  eccentric,  the  position  of  which 
when  running  was  determined  by  moving  a  pointer,  carried  on  the 
lathe  slide-rest,  until  it  was  just  touched  by  the  eccentric  as  it 
revolved.  After  first  obtaining  the  position  for  each  speed  witli- 
out  the  eccentric-strap,  the  strap  was  then  put  on,  and  an  attempt 
made  to  approximate  the  valve  resistance  under  working  condi- 
tions by  means  of  a  spring  attached  to  the  eccentric-strap  and  a 
wire  guide  to  keep  the  strap  from  turning.  This  method  of  load- 
ing the  governor  is  so  far  from  a  correct  representation  of  the 
actual  conditions  when  running,  that  it  is  difficult  to  see  how  the 
results  can  be  of  practical  value.  In  the  other  shaft  governer 
tested  by  Mr.  Hibbins,  the  centrifugal  force  of  two  weights  on 
right-angled  bell-crank  levers  moved  a  sleeve  lengthwise  along 
the  shaft  and  operated  a  throttle  valve.  The  sleeve  position  was 
read  by  direct  observation  asrainst  a  scale. 

Experiments  similar  to  this  last  have  been  made  by  students 
at  the  Massachusetts  Institute  of  Technology,  on  a  Buckeye,  No. 
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2,  shaft  governor  mounted  especially  for  experimental  work,  and 
driven  by  a  belt  and  cone-pulleys.  To  the  eccentric  controlled 
by  this  i»overu()i-,  a  circular  disc  was  fastened,  so  that  it  turned 
about  the  shaft  as  the  governor  weights  changed  their  position. 
'J'he  relative  motion  of  this  disc  was  transmitted  through  two  steel 
tapes  to  a  block  sliding  in  a  slot  in  line  with  the  shaft.  This  de- 
vice could  be  used  both  as  an  index  of  the  governor's  position  and 
as  a  means  of  weighing  the  "  force-power  "  exerted  by  the  gov- 
ernor when  the  speed  was  increased  and  the  weights  restrained 
from  moving  outward. 

It  will  be  noted  that  in  these  experiments  the  governors  were 
tested  on  special  pivots,  not  in  place  on  their  engines.  If  a  gov- 
ernor is  to  be  tested  for  "  geometric  sensitiveness  "  influenced 
only  by  internal  friction,  then  it  is  advisable  to  disconnect  from 
the  engine  and  drive  it  from  some  external  source.  In  such  a 
case,  provided  that  positions  are  to  be  observed  only  when  run- 
ning at  constant  speed,  a  simple  form  of  measuring  or  recording 
apparatus  can  be  arranged  for  almost  any  governor.  If,  how- 
ever, the  effect  of  valve  resistance,  external  friction,  and  sudden 
change  in  load  are  to  be  investigated,  if  the  time  necessary  for 
regulation  under  working  conditions  is  to  be  measured  for  com- 
parison with  values  obtained  by  mathematical  calculations,  then 
it  is  necessary  to  test  the  governor  in  its  place  on  the  engine. 
The  results  of  such  a  test  show  what  the  governor  is  doing  when 
actually  at  its  work  as  a  regulator,  and  are,  it  is  claimed,  of 
greater  value  to  a  designer  than  any  tests  where  artificial  means 
are  used  to  imitate  working  conditons.  When  tests  are  conducted 
in  this  manner,  simple  apparatus  for  recording  or  even  for  meas- 
uring governor  position  can  seldom  be  applied.  Shaft  governors 
are  usually  placed  inside  the  rim  of  the  fly-wheel,  often  close 
beside  a  bearing,  a  protected  position  rendering  unnecessary  any 
other  guard  around  the  revolving  weights,  but  a  position  which, 
when  the  engine  is  in  motion,  makes  the  governor  about  as  in- 
accessible for  experimental  purposes  as  can  readily  be  imagined. 
Any  mechanical  device  to  connect  one  of  the  governor's  moving 
parts  with  an  index  traveling  over  a  fixed  scale  in  a  position 
more  favorable  for  observation  would  be  difficult  to  arrange ; 
and  even  though  it  were  very  lightly  made,  it  would  impede  free 
action  of  the  governor  gear  by  the  effect  of  centrifugal  force  and 
inertia  of  its  parts.  Accordingly,  in  the  following  experiments, 
it  Avill  be  noticed  that  although  the  motion  of  the  governor  was 
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to  bo  investigated,  tiie  governor  itself  was  evidently  considered 
(jnite  inaceesible,  and  measnrenients  were  taken  of  the  motion 
of  the  valve-rod,  a  part  controlled  l>y  the  governor,  yet  in  a  much 
more  accessible  position. 

in  ISUo,  -Mr.  Walter  Ferris  nnule  some  tests  on  the  governor 
of  a  Aew  York  Safety  aiitonuitic  engine  at  Lehii!li  University. 
This  governor  was  of  the  shaft  type,  and  moved  an  eccentric  in- 
ward and  forward  as  the  speed  increased.  A  pencil,  held  in  a 
clamp  on  the  valve-rod,  was  arranged  to  mark  on  a  sheet  of  paper 
moved  by  clockwork  in  a  direction  at  right  angles  to  the  rod.  A 
zigzag  line  was  thus  drawn  from  which  the  length  of  valve  travel 
during  any  particular  revolution  of  the  engine  could  be  measured. 
Much  more  elaborate  apparatus  for  recording  variation  in  valve 
travel  has  been  used  by  students  at  the  University  of  Illinois. 
The  paper  on  which  the  record  was  taken  was  in  the  form  of  a 
long  ribbon  dra^vn  between  rolls  across  the  line  of  motion  of  a 
recording  pencil  clamped  to  a  pantograph,  which  enlarged  the 
motion  of  the  valve-rod.  Ivecords  were  taken  from  an  Ideal  en- 
gine, 10  X  10  inches,  at  about  310  revolutions  per  minute.  By 
opening  or  closing  the  circuit  of  a  generator  driven  by  this  en- 
gine, the  load  could  be  instantly  varied  from  6  to  50  horse-power. 
This  was  certainly  a  severe  test  of  the  governor's  good  quality; 
but  the  diagrams  showed  that  somewhere  in  the  vicinity  of  4 
revolutions  were  all  that  were  necessary  before  the  governor  had 
done  its  work  and  settled  down  in  its  new  position,  decreasing  the 
valve  travel  from  2^  to  IJ  inches.  Records  were  also  taken  to 
show  the  hunting  action  of  the  governor  when  adjusted  to  ap- 
proximate isochronism.  An  improvement  in  the  apparatus  was 
afterwards  made  by  adding  a  second  pencil  fastened  to  the  a*  ma- 
ture of  an  electro-magnet,  and  arranged  to  make  marks  at  in- 
tervals of  one  second.  Good  records  were  obtained  with  this 
apparatus,  but  the  information  they  gave  was  very  incomplete 
They  showed  merely  that  at  the  moment  when  the  eccentric 
passed  one  of  its  dead-points,  its  distance  from  the  centre  of  the 
shaft  was  a  certain  amount.  What  this  distance  w^as  at  any  other 
time  could  not  be  told.  A  varying  distance  between  points  across 
the  zigzag  line  indicated  nothing,  except  that  during  a  certain 
time  (not  necessarily  one-half  a  revolution,  on  account  of  varia- 
tion in  angular  advance  of  the  eccentric),  the  eccentric  had  changed 
its  position.  The  exact  time  of  the  change  was  unknown.  To 
be  sure,  the  time  required  for  one-half  a  revolution  at  310  revo- 
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liitions  per  minute  is  not  very  long;  but  it  will  be  shown  later 
that  even  in  so  brief  an  interval  the  governor  of  a  much  larger 
engine  than  tliis  can  perform  motions  both  interesting  and  im- 
portant. 

Professor  Jacobus  once  obtained  records  of  the  distance  be- 
tween eccentric  and  shaft  of  a  50-horse-power  Ball  and  Wood  en- 
gine. He  attached  a  pencil  directly  to  the  eccentric,  and  made  it 
draw  a  spiral  diagram,  the  locus  of  the  centre  of  the  eccentric 
as  it  revolved  about  the  shaft  at  varying  radius.  Though  no 
record  of  time  was  produced,  approximate  time  intervals  in  terms 
of  one  revolution  could  easily  be  obtained  from  angles  measured 
at  the  centre  of  the  diagram.  This  device  served  to  compare  the 
action  of  the  governor  when  running  with  and  without  a  dashpot 
to  dampen  its  oscillations.  However,  the  records  which  could  be 
taken  were  necessarily  of  brief  duration,  limited,  in  fact,  to  four 
or  ^ye  revolutions ;  in  a  longer  time,  the  line  drawn  would  cross 
and  recross  itself  and  become  indistinguishable.  A  device  of  this 
sort  would  not  be  generally  applicable  for  experimental  work. 
It  could  hardly  be  used  at  all,  unless  the  eccentric  were  in  an 
exceptionally  accessible  position,  near  the  end  of  the  shaft,  and 
probably  outside  the  fly-wheel. 

ISTone  of  these  devices  can  furnish  data  sufficiently  precise  or 
complete  to  adapt  the  theoretical  equations  to  practical  use  in  de- 
signing. A  device  satisfactory  for  experimental  use  should  show 
the  position  of  the  governor  and  the  time  required  for  any  given 
change  in  position,  or,  what  is  more  interesting  in  the  study  of 
inertia  governors,  the  rate  of  change  in  velocity  during  that  change 
in  position.  It  should  show  not  only  the  distance  from  centre  of 
eccentric  to  centre  of  shaft,  but  also  the  relative  angular  position 
of  the  eccentric  with  respect  to  the  crank  and  of  the  crank  with 
respect  to  the  line  of  dead-points.  It  should  be  applicable,  in  one 
form  or  another,  to  any  engine,  yet  of  such  a  nature  that  it  will 
not  impede  free  motion  of  the  gear  or  alter  it  in  any  way.  Since 
changes  in  governor  position  take  place  so  quickly,  the  apparatus 
should  produce  a  permanent  record  of  both  position  and  time ; 
and  the  time  intervals  should  be  marked  in  such  a  way  that  they 
may  be  made  as  short  as  desired. 

The  apparatus  now  to  be  described  fulfils,  in  a  measure,  nearly 
all  these  requirements.  It  produces  on  a  strip  of  paper,  in  parallel 
lines,  so  that  they  may  be  compared,  an  almost  continuous  record 
of  the  position  of  any  part  of  the  governor;  a  record  of  time  in- 
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torvals  of  niiy  duration  even  to  a  small  fraction  of  a  sooond;  a 
record  of  tlio  anji^ular  position  of  tho  crank,  as  many  times  in  one 
revolution  as  may  be  desired;  and  an  automatic  record  of  change 
in  load  on  the  engine,  or  any  other  event.  The  records  are  made 
by  electrolytic  decomposition  of  a  chemical  salt  absorbed  by  the 
])aper  which  is  drawn  under  a  series  of  recording  styles  while  it 
is  still  damp.  The  solution  used  in  this  work  was  yellow  prussiate 
of  potash  and  ammonium  nitrate  in  water.  The  passage  of  even 
a  very  weak  current  of  the  briefest  imaginable  duration,  from  the 
recording  style  (a  piece  of  steel  wire)  through  the  paper,  produces 
a  clearly  defined  mark  of  Prussian  blue.  Chemical  action  takes 
place  only  while  the  current  is  passing,  so  that  if  the  electrical 
circuit  through  any  one  of  the  styles  is  continually  made  and 
broken,  the  record  produced  is  a  series  of  sort  dashes  separated 
by  spaces  whose  length  depends  upon  the  speed  of  the  paper. 
Time  intervals  are  recorded  by  momentary  closure  of  the  cir- 
cuit through  one  style  by  a  seconds  pendulum  swinging  through 
a  globule  of  mercury;  briefer  intervals,  by  rapidly -interrupting 
the  current  through  another  style  by  means  of  an  electrically 
driven  tuning-fork.  Provided  the  time  intervals  are  short  enough, 
uniform  motion  of  the  paper  is  not  essential. 

The  apparatus  can  best  be  described  and  the  method  of  record- 
ing governor  position  made  clear  by  explaining  it  as  used  in  connec- 
tion with  an  engine  from  which  records  are  to  be  shoAvn. 

The  engine  is  a  Mcintosh  and  Seymour  tandem  compound,  11 
and  19  by  15  inches,  in  the  Engineering  Laboratory  of  the  Mas- 
sachusetts Institute  of  Technology.  The  governor,  shown  in  Pigs. 
1  and  2  has  two  weights,  pivoted  at  B,  which  by  swinging  outward, 
away  from  the  shaft,  cause  the  "  pendulum,"  shown  by  heavy  lines 
in  Fig.  2,  to  swing  upward  about  its  pivot,  C.  A  curved  slot  in  the 
pendulum  surrounds  the  shaft.  Fastened  to  the  pendulum  is  an 
eccentric  which  actuates  a  piston  valve  for  the  high-pressure  cyl- 
inder. Outward  motion  of  the  governor  weights  causes  inward 
motion  of  the  pendulum,  so  called  because  it  carries  the  eccentric 
inward  toward  the  shaft.  Pivot  C  is  so  placed  mth  reference 
to  the  crank  that  inward  motion  of  the  pendulum,  in  response  to 
increased  speed,  increases  the  angular  advance  of  the  eccentric 
besides  decreasing  its  throw.  The  angular  motion  of  the  pendulum 
between  extreme  positions  is  Y.3  degrees.  A  horseshoe-shaped 
spring  acts  through  two  adjustable  rods  to  force  the  governor 
weights  inward. 
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Fig.  1. 
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The  "  position-point,"  Fig.  3,  was  fastened  to  the  pendulum  at 
.1,  Fig.  2,  so  thai  it  swnni»-  about  6',  in  an  are  of  2:>.4  1  inches 
radius.  Its  extreme  end  is  just  visible  in  Fig.  1,  Its  angular  dis- 
tance from  its  initial  position  is  to  be  shown  by  the  record. 

Fig.  4  shows  Fosition-l)h)ck  No.  1,  the  first  one  used.  It  con- 
sisted of  2G  thin  strips  of  brass  and  two  thicker  ones  insulated  by 


Fig.  3. 


strips  of  hard  rubber,  bolted  firmly  together  and  finished  smoothly 
on  top.     This  block,  on  its  wooden  support,  was  securely  fastened 


Fig.  4. 


to  the  fly-wheel  in  such  a  place  that  the  position-point  traversed 
its  face  with  very  slight  friction.  The  strips  were  numbered 
from  4  to  31,  4  being  nearest  the  outer  position  of  the  position- 
point,  and  31,  one  of  the  two  wide  strips,  being  at  the  extreme  inner 
position.  The  greatest  possible  motion  of  the  position-point  was 
about  ^  inch  more  than  the  width  over  all  the  strips.  A  wire  was 
soldered  to  each  strij:*,  and  the  cable  formed  from  these  was  led 
along  an  arm  of  the  fly-wheel  to  a  device  at  the  end  of  the  shaft, 
which,  for  want  of  a  better  name,  will  be  called  the  "commutator." 
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This  had  30  brass  rings  insulated  by  rubber  washers  of  slightly 
larger  diameter  and  numbered  from  1  to  30,  beginning  next  the 
wheel.  To  the  inside  of  ring  4  was  fastened  the  wire  from  strip  4, 
and  so  on  to  30.  The  wire  from  strip  31,  not  having  a  ring  of  ita- 
own,  was  connected  to  ring  4.  From  ring  3,  a  wire  led  back  along 
the  cable  to  a  point  where  it  was  spliced  to  a  light,  flexible  cord 
leading  to  the  position-point.  A  current  to  the  commutator  at 
ring  3  would  pass  in  along  this  wire,  through  the  position-point,  to 


Fio.  5. 


whatever  strip  the  point  might  be  touching,  and  back  to  the  cor- 
responding ring  on  the  commutator,  from  which  it  was  taken  off  by 
the  brush  seen  in  Figs.  5  and  6  and  sent  to  its  proper  style  over  the 
recording  roll.  Ring  2  was  not  used.  The  current  to  ring  1  went 
to  the  contact  points  on  the  counter  disc  at  one  end  of  the  com- 
mutator and  was  taken  off  by  a  special  brush,  seen  in  Fig.  6,  and 
sent  to  the  counter  style. 

There  were  ten  of  these  contact  points,  equally  spaced.  One  of 
them,  somewhat  longer  than  the  rest,  made  contact  with  the  brush 
just  as  the  engine  passed  its  head-end  dead-point. 

The  paper,  having  been  soaked  in  its  solution  and  then  partially 
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dried,  was  wound  on  a  wooden  roll  at  the  left  of  the  roll  frame, 
Fig.  6;  from  here  it  passed  uj)  between  a  steel  roll  and  the  record- 
ing styles,  and  thence  through  a  pair  of  feed  rolls  driven  ])v  a 
motor.  Current  for  the  motor  came  through  the  lower  l)lug  and 
cord;  current  for  all  the  records  through  the  upper  ])]ng  and  cord, 
the  negative  wire  returning  from  the  roll  frame  and  the  positive 
leading  through  suitable  lamp  resistance  to  the  various  circuits. 
Each  style  was  a  piece  of  wire  rounded  at  the  point,  forced  tli rough 


Fig.  6. 


a  hole  in  a  block  of  wood,  carefully  aligned  and  connected  to  its 
proper  circuit.  Style  1,  farthest  from  the  motor,  was  in  the  circuit 
of  a  seconds  pendulum,  already  mentioned;  ISTo.  2  was  the  counter 
style  and  made  one  lono-  and  nine  short  dashes  each  revolution. 
Records  of  short  intervals  of  time  will  be  mentioned  later.  Style 
3,  the  signal  style,  was  used  to  record  the  instant  of  changing  the 
engine  load.  Its  circuit  could  be  closed  by  a  telegraph  key  or  auto- 
matically by  a  wiping  contact  on  the  handle  of  a  clutch  overhead 
on  the  main  shaft.    The  latter  was  used  for  all  records. 

The  engine  was  loaded  by  a  friction  brake  and  a  rotary  pump 
driven  through  the  clutch  just  mentioned.  By  snapping  out  the 
clutch,  the  engine  was  relieved  of  the  pump  load. 

A  specimen  record  showing  the  behavior  of  the  governor  and 
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speed  of  the  engine  during  a  sudden  cliange  in  load  is  shown  in 
Fig.  7.  For  certain  reasons  this  particular  record  seemed  well 
suited  for  illustration,  although  the  governor  was  not  adjusted 
to  regulate  very  closely.  The  following  table  will  serve  to  inter- 
pret the  record: 


Number  of  position  ptrip  and  position  record. 

10 

13 

16 

19 

22 

Displacement  in  degrees  of  gov- 
ernor pendulum  Irom  extreme 

Outside  edge 
of  strip. 

1.72 

2.43 

3.14 

3.8G 

4.57 

ouisidt!  pos'itiou,  i.e.,  position 
wlien  at  rest. 

Inside  edge 
of  stri]). 

1.87 

2.58 

3.31 

4.04 

4.75 

The  engine  speeds  have  been  computed  by  taking  from  the 
record  the  number  of  revolutions  and  tenths,  with  hundredths  by 
estimation,  during  one  second  before  and  one  second  after  any 
given  second,  and  multiplying  by  30.  The  result  in  revolutions 
per  minute  is  recorded  underneath  the  given  second  and  marked 
R.P.M.  An  even  number  of  seconds  must  be  chosen  for  the 
count,  so  that  the  time  interval  may  be  from  one  instant  when 
the  pendulum  makes  contact  until  it  makes  contact  again,  smng- 
ing  in  the  same  direction.  This  prevents  any  error  due  to  a  large 
globule  of  mercury.  The  record  shows  that  with  the  engine  run- 
ning at  a  speed  of  228  revolutions  per  minute,  the  clutch  was 
snapped  out  about  5.62  seconds  after  the  recording  apparatus  was 
started.  Cards  taken  simultaneously  on  four  indicators,  immedi- 
ately before  and  again  soon  after  this  change,  show  a  decrease  from 
145  to  82  indicated  horse-power.  At  that  moment  the  engine,  on 
its  return  stroke,  had  not  quite  reached  its  head-end  dead-point. 
The  position-point  carried  by  the  governor  pendulum  was  moving 
on  and  off  strip  number  10,  about  1.8  degrees  from  its  extreme 
outer  position.  As  this  is  not  an  inertia  governor,  considerable 
change  in  speed  is  necessary  to  start  the  governor  weights  outward, 
yet  after  a  little  more  than  onerevolution,  they  started,  the  position 
point  crossing  strip  11,  mo^dng  nearly  across  12,  then  back  a  little, 
then  crossing  12  to  13,  registering  as  it  went,  moving  back,  then 
crossing  13,  14,  and  15,  oscillating  in  and  out  on  the  way,  but  still 
progressing  inw^ard,  never  in  contact  with  two  strips  at  once,  but 
touching  one  almost  as  soon  as  it  left  another,  until  it  first  touched 
strip  21,  its  mean  position  after  the  change  in  load,  about  8.57 
seconds  from  the  time  of  starting  the  record.  In  about  2.95 
seconds,  due  to  a  sudden  drop  of  63  horse-power,  the  speed  had 
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increased  from  228.0  to  242.1  revolutions  per  minute,  and  the  gov- 
ernor ])('ii(liiliiin  had  shifted  its  position  about  2.6  degrees.  One 
record  is  lacking  to  complete  the  information — namely,  a  record  of 
short  intervals  of  time.  The  counter  record,  however,  by  allow- 
ing- for  change  in  speed,  makes  a  fair  substitute. 

This  record  was  continued  to  the  eighteenth  second;  after 
the  thirteenth,  the  speed  decreased  to  241.7  revolutions  per  min- 
ute, and  then  did  not  change  appreciably;  yet  though  the  speed 
was  constant,  the  position-point  did  not  settle  on  any  single  posi- 
tion strip.  The  record  shows  an  oscillation  occurring  once  in 
each  revolution  of  the  engine,  thus  revealing  the  fact  that  the 
governor  was  never  in  a  state  of  relative  rest.  This  certainly  is 
not  surprising.  The  governor  was  doing  work  in  pushing  and 
pulling  a  valve  back  and  forth  very  rapidly,  and  its  equilibrium 
was  somewhat  disturbed.  Besides,  since  it  revolved  in  a  vertical 
plane,  during  one-half  of  a  revolution  it  was  assisted  and  during 
the  other  half  opposed  in  its  motion  by  the  action  of  gravity. 
The  separate  influences  of  valve  resistance  and  gravity  on  the 
revolving  weights  remain  to  be  shown.  This  motion  is  of  great 
importance.  If  a  governor  is  always  in  motion  with  respect  to  its 
own  pivots,  then  there  is  no  statical  friction  to  be  overcome,  before 
it  can  change  its  position,  and  sticking  in  one  position  during  a 
change  in  speed  cannot  occur. 

To  investigate  this  cyclical  change  more  minutely.  Position-block 
'No.  2  was  made.  It  had  52  strips  of  brass  so  close  together  that 
they  covered  the  same  range  of  motion  as  only  13  strips  of  block 
1.  The  strips  were  numbered  from  5  to  56.  Recording  style  4 
was  reserved  for  a  time  record,  so  but  26  styles  were  available  for 
position  records.  Accordingly  the  strips  were  connected  in  two 
series,  so  that  5  and  31  registered  through  style  5,  6  and  32 
through  style  6,  and  so  on.  A  little  experience  in  interpreting 
the  record  prevented  any  confusion  arising  from  this  duplicate 
system. 

An  electrically  driven  tuning-fork,  carrying  an  adjustable 
weight,  was  arranged  to  interrupt  the  circuit  through  style  num- 
ber 4,  and  thus  record  very  short  intervals  of  time.  By  aid  of  this 
record  to  check  the  record  of  seconds  by  the  pendulum,  it  was 
proved  that  the  centres  of  dashes  at  one  second  intervals  could  be 
accurately  located.  Thus  it  became  no  longer  necessary  to  use  an 
even  instead  of  an  odd  number  of  seconds  in  computing  speeds. 

Becords  shown  in  Figs.  8  and  9  were  taken  to  study  the  effect 
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of  increasing  the  inertia  of  the  reciprocating  parts  driven  by  the 
eccentric.  Fig.  8  represents  nearly  the  conditions  existing  after 
the  change  in  load  of  Fig.  7.  Although  no  indicator  cards  were 
taken,  it  is  known  that  the  load  was  about  80  horse-power. 
The  engine  was  making  about  one  less  revolution  per  minute,  and 
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7^  Second. 


Portion  of  a  record  taken  while  a  constant  load  was  on  the  engine.    The  record 
was  taken  with  position-block  No.  2. 

consequently  the  pendulum  was  a  little  nearer  its  initial  position. 
Block  Xo.  2 J  with  its  very  narrow  position-strips,  of  course  shows 
the  pendulum  oscillation  to  better  advantage  than  block  1. 

Before  taking  Fig.  9,  a  split  cylindrical  weight  of  25  pounds  (the 
valve  and  valve-rod  together  weigh  43  pounds)  was  clamped  firmly 
around  the  valve-rod.     An  attempt  was  then  made  to  duplicate 
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Fig.  9. 


7^  Second. 


Portion  of  a  record  taken  under  same  conditions  as  Fig.  8,  except  tliat  a  weight 
of  25  pounds  was  fastened  to  the  valve-rod. 

the  conditions  of  Fig.  8.  From  the  style  records,  it  appears  that 
in  one  case  the  mean  position  of  the  position-point,  as  it  oscillated, 
was  between  strips  43  and  44;  in  the  other  case  between  44  and 
45 ;  but  the  angular  difference  is  less  than  one-tenth  of  one  degree, 
so  that  it  is  proper  to  compare  the  two  oscillations.  Repre- 
sentative oscillations  from  these  two  records  are  plotted  in  Figs. 
11  and  12,  with  crank  angles  and  time  as  abscissae,  and  angular 
displacement  of  the  governor  pendulum  from  its  position  when 
at  rest  as  ordinates.     The  precision  of  this  method  of  record- 
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ing  is  shown  by  the  regularity  with  which  the  plotted  points  fall 
into  line.  Provided  the  displacement  scale  is  correct,  the  time 
necessary  for  a  given  change  in  ])()siti()n  can  be  read  within  one 
one-hundredth  of  a  second.  For  the  closer  measurement  of  time, 
which  may  be  desirable  in  studying  accelerations  of  inertia  gov- 
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Plot  to  accompany  Fig.  8,  sL owing  motion  of  governor  pendulum  under  normal 
conditions.     Speed,  :^40.7  revolutions  per  minute. 

ernors,  it  will  be  necessary  only  to  draw  the  paper  faster  under 
the  recording  styles  and  perhaps  make  the  tuning-fork  vibrate 
faster.  Portions  of  these  plots  between  crank  angles  270  de- 
grees and  the  head-end  dead-points,  appear  to  be  indefinitely 
located.     From  other  oscillations  of  the  same  records,  however, 
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Plot  to  accompany  Fig.  9,  showing  motion  of  governor  pendulum  when  valve 
inertia  is  increased.     Speed,  240.9  revolutions  per  minute. 

these  portions  were  found  to  rise  very  slightly  till  near  the  dead- 
point. 

To  make  clear  w^hat  is  to  follow,  let  it  be  again  stated  that 
inward  motion  of  the  pendulum  is  motion  away  from  that  posi- 
tion which  it  occupies  when  the  engine  is  at  rest.  During  such 
a  motion  the  pendulum  displacement  angle  increases. 
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An  oxi)l;iiialic)ii  ol'  the  oscillations  demands  an  nndcrstandinir 
of  the  relative  positions  of  pendulum,  shaft,  eccentric,  and  crank. 
Fig.  lo  shows  the  crank  about  30  degrees  beyond  its  head-end 
dead-point.  Gravity  acting  on  the  heavy  left-hand  end  of  the 
])en(luliiin,  on  llie  eccenli-ic  it  carries,  and  also  on  iIk;  eccentric- 
strap,  has  for  some  time  been  tending  to  pull  it  outward,  or  down- 
ward about  pivot  C,  Fig.  2.  About  this  time,  the  valve  is  begin- 
ning to  move  toward  the  shaft;  and  its  inertia,  its  resistance  to 
acceleration,  reacts  on  the  eccentric  to  pull  the  pendulum  out- 
ward. Thus  gravity  and  valve  inertia  are  acting  together,  and 
the  curves  of  pendulum  displacement  slope  quickly  downward. 
At  about  1)0  degrees.  Fig.  14,  the  pendulum  hangs  nearly  verti- 
cal, and  gravity  scarcely  influences  it.  Valve  inertia  acts  slightly 
for  a  little  longer;  yet  the  pendulum  continues  outward,  due  to 
its  own  inertia,  until  after  the  actuating  forces  have  reversed 
their  direction.  As  the  crank  moves  on  toward  180  degrees, 
gravity  tends  to  pull  the  pendulum  inward;  inertia  of  the  valve, 
which  is  being  retarded,  tends  to  assist,  and  the  plots  rise  very 
quickly.  When  the  crank  gets  to  about  220  degrees.  Fig.  15,  the 
pendulum  is  once  more  approaching  a  vertical  position  and  sup- 
porting its  weight  on  pivot  C;  but  just  then  the  valve  must 
be  accelerated  toward  the  right,  away  from  the  shaft,  and 
reaction  along  the  eccentric-rod  pushes  the  pendulum  back,  mov- 
ing it  outward.  This  action  is  very  much  more  energetic  in 
Fig.  12  than  in  Fig.  11,  due  to  the  increased  inertia  of  a  weight 
nearly  two-thirds  as  large  again.  Finally  the  crank  reaches 
about  270  degrees.  The  pendulum  stands  nearly  vertical  and  the 
eccentric  is  close  to  that  position  in  which  it  neither  accelerates 
nor  retards  the  valve.  Consequently  the  pendulum  pauses  in 
its  oscillation.  From  there  on,  as  the  engine  turns,  gravity  tends 
to  turn  the  pendulum  outward  ;  but  inertia  of  the  valve,  retarded 
in  its  motion,  acts  in  an  opposite  sense;  and  these  two  influences, 
both  increasing  rapidly,  appear  to  increase  about  equally,  so  that 
the  pendulum,  acted  upon  by  balanced  forces,  scarcely  moves  until 
the  head-end  dead-point  is  passed  and  the  revolution  is  completed. 

Contrary  to  expectation,  when  the  valve  inertia  was  increased, 
the  amplitude  of  oscillation  was  hardly  any  greater  than  when 
the  governor  was  running  under  normal  conditions.  Apparently 
these  cyclical  oscillations  are  due  not  so  much  to  inertia  of  the 
valve  as  to  rotation  of  the  unbalanced  pendulum  in  a  vertical 
plane. 
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The  iiiiluoiK'o  of  the  two  governor  weights  on  tins  oscillation  of 
the  pendulum  luis  not  been  mentioned.  It  is  slight;  for  in  neai'lv 
all  })ositions  one  weight  tends  (o  eonnleiael  the  other. 

Ilerr  Otto  Schneider  in  his  "  Theorie  der  Fhichregler,"  *  dis- 
cusses matliematically  the  various  forces  which  tend  lo  influence 
tlie  otherwise  simple  relation  existing  between  speed,  spring  ten- 
sion, and  moment  of  inertia  in  a  fly-wheel  governor.  He  confines 
the  discussion  to  shaft  governors  carrying  eccentrics,  and  distin- 
guishes as  the  disturbing  factors: 

1.  Valve  friction,   including  friction  at  the   stuffing-box. 

2.  Inertia  of  the   reci])rocating  parts. 

3.  Steam  pressure  on  the  end  of  the  valve  stem. 

4.  AVeight  of  eccentric  and  ])endulum  (of  valve  and  rod  also 
in  the  case  of  vertical  engines). 

He  then  com])utes  the  magnitude  of  each  of  these  forces  and 
shows  graphically  how  each  varies  during  a  revolution  of  the  en- 
gine. Then,  combining  the  effects  of  these  forces,  he  shows  a 
diagram  of  pendulum  oscillation  for  one  complete  revolution. 
His  work  as  published  is  entirely  mathematical;  and  as  the  gov- 
ernor for  which  his  calculations  were  made  was  probably  supposi- 
tional, it  is  doubtful  if  he  had  any  experimental  data  to  verify 
the  character  of  the  motion  he  deduced  for  the  pendulum.  Yet 
his  deductions  bear  a  close  resemblance  to  the  oscillations  actu- 
ally detected  and  measured  in  this  experimental  work.  The  two 
must  not  be  too  closely  compared,  for  the  mechanisms  of  the 
governors  are  quite  unlike. 

This  report  is  presented  merely  to  describe  apparatus  for  obtain- 
ing experimental  data  of  the  behavior  of  engine  governors.  The 
apparatus  was  first  applied  to  the  Mcintosh  and  Seymour  engine 
simply  to  find  out  whether  or  not  it  could  be  made  to  work — not 
to  obtain  figures  for  comparsion  with  any  calculated  results.  The 
governor  of  this  engine  would  be  a  particularly  difficult  subject 
for  mathematical  treatment,  on  account  of  its  peculiar  spring. 
A  spring  of  irregular  curvature  exerts  a  force  which  is  hard  to 
calculate;  and  a  spring  made  of  several  leaves,  especially  when 
they  are  curved,  does  not  always  exert  the  same  force  for  the 
same  deflection. 

It  is  proposed  to  use  this  apparatus  for  investigating  the  action 
of  some  form  of  single-w^eight  inertia  governor.     After  deter- 

*  Zeit.  des  Ver.  deu.  Ing.,  Oct.  19,  1895,  p.  1257. 
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iiiiiiiii*;',  l)y  a  visual  stroboscopie  motliod,  tlie  approximate  posi- 
tion of  the  ^veigllt  wliile  running,  a  position-block  may  be  made 
to  cover  only  the  normal  range  of  motion  from  lightest  to  heav- 
iest loa(].  These  governors  usually  have  helical  springs,  easy  to 
calibrate,  and  the  whole  design  is  such  that  all  the  forces  at  work, 
exce])ting  friction,  can  be  computed  analytically.  They  can  be 
adjusted  to  regulate  very  closely  and  very  quickly;  but  although 
th(Mr  motions  are  quick,  the  recording  current  is  quicker, 
and  the  precise  position  of  the  weight  with  the  direction  and 
velocity  of  its  motion  at  any  instant  should  not  be  difficult  to  de- 
termine. If  reliable  data  of  the  actual  performance  of  one  of 
these  governors  can  be  obtained,  perhaps  the  information  may  at 
last  be  supplied  to  make  it  possible  to  predict,  by  analytical  investi- 
gation, the  action  of  any  governor  of  the  same  type. 
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FLYWHEEL  CAPACITY  FOR  ENGINE-DRIVEN  ALTER- 
NATORS.] 

BY   "WALTER   I.    SLIGHTER,    SCHENECTADY,    N.    Y. 

(Junior  Member  of  the  Society.) 

1.  The  following  paper  is  written  with  the  object  of  showing 
certain  considerations  which  mnst  be  borne  in  mind  when  selecting 
a  steam  engine  to  drive  an  alternating  current  generator  which  is 
to  run  in  multiple  with  another  generator  or  which  is  to  generate 
power  for  a  system  in  which  synchronous  apparatus,  such  as  syn- 
chronous motors  or  rotary  converters,  are  to  operate. 

A  detailed  analysis  of  the  mechanical  action  in  the  engine  which 
is  the  cause  of  the  trouble  is  to  be  found  in  Mr.  J.  I.  Astrom's 
paper,  and  the  discussion  thereon,  read  before  this  Society  last 
year  at  Milwaukee.  I  have  omitted  as  much  of  the  part  that  Mr. 
Astrom  discussed  as  could  be  done  and  still  give  a  clear  idea  of 
the  effects  in  the  electrical  circuit. 

2.  An  alternating  current  generator,  when  direct-connected  to 
a  steam  engine,  is  sensitive  to  certain  irregularities  in  the  speed 
of  the  engine  which  affect  no  other  type  of  apparatus.  This  irreg- 
ularity is  in  the  instantaneous  value  of  the  speed,  or  the  variation 
of  the  angular  velocity  during  one  revolution  as  distinguished 
from  the  changes  in  the  average  speed,  due  to  a  change  of  load  or 
of  steam  pressure. 

3.  During  one  revolution  the  force  applied  to  the  crank-pin  of 
a  steam  engine  varies  considerably,  due  to  the  following  causes: 

Transfer  of  reciprocating  to  rotating  motion. 

Variation  in  steam  pressure  on  the  piston,  due  to  expansion. 

Inertia  of  the  reciprocating  parts. 

Weights  of  the  reciprocating  parts. 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

\  For  further  references  on  this  subject  see  Transactions  as  follows  : 
No.  234,  vol.  viii.,  p.  191  :    "Formulae  for  Reciprocating  Parts   of  High  Speed 

Engines."     Geo.  1.  Alden. 
No,  907,  vol.  xxii.,   p.   955:    "Determination    of   Fly-wheels  to   Keep   Angular 
Variation  of  an  Engine  within  a  Fixed  Limit,"     J.  I.  Astrom. 
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Throw  of  coniKH'tiiic;  rod. 
Shortuess  of  connecting  rod. 

4.  Of  those  the  tirst  three  arc  of  the  greatest  magnitude.  The 
first  causes  the  torque  to  pass  througli  zero  twice  in  each  revolu- 
tion, the  second  causes  the  torque  to  be  less  in  the  second  half  of 
a  stroke  or  inqiulse  than  in  the  first.  The  effect  of  tlie  recipro- 
cating parts  is  to  diminsh  the  torque  in  the  first  half  of  the  stroke 
and  increase  it  in  the  second  half.  Therefore,  it  is  opposed  to 
and  counteracts  the  effect  of  expansion.  The  inertia  effect  is  of 
considerable  magnitude  and  frequently  more  than  balances  the 
effect  of  expansion.  This  is  particularly  the  case  in  high-speed 
engines  and  in  the  low-pressure  cylinder  of  a  cross-compound 
engine,  which  is  necessarily  very  large  and  bulky.  The  effect  of 
the  reciprocating  parts  is  the  most  interesting,  as  it  may  be  either 
harmful  or  beneficial — harmful  in  producing  a  peak  at  the  end  of 
the  low-pressure  stroke,  where  it  overlaps  the  admission  of  the 
high-pressure  stroke,  thus  merging  the  two  impulses;  beneficial  in 
lowering  the  excess  energy  during  admission  of  the  high-pressure 
stroke. 

5.  In  a  single  cylinder  double-acting  engine  there  are  two  im- 
pulses per  revolution,  and  in  a  cross-compound  engine  there  are 
four  impulses.  During  the  first  part  of  the  stroke  the  effort  is 
less  than  the  average,  during  the  second  part  (equal  to  about  one- 
half  the  period  of  the  stroke)  it  is  greater  than  the  average. 
During  the  last  part  of  the  stroke  the  effort  is  less  than  the  average 
again.  This  is  shown  diagrammatically  in  Fig.  17,  Curve  1.  Curve 
F  is  the  varying  crank  effort  or  torque  in  foot-pounds  at  the  centre 
of  the  shaft.  The  straight  line  AG  represents  the  average  value 
or  mean  effort.  The  difference  between  these  two  at  any  time 
represents  the  excess  or  deficit  torque,  or  the  force  acting  on  the 
flywheel  or  given  by  the  flywheel. 

This  force  F,  acting  on  the  mass  of  the  flywheel  M,  gives  the 

F  F 

wheel  an  acceleration  a  =  -T7,or  a  =  -j,  where  /  is  the  moment  of 

the  flywheel. 

6.  From  a  to  h  in  the  diagram  the  acceleration  is  negative  and 
the  speed  drops  (Curve  2),  from  h  to  d  the  accleration  is  positive 
and  the  speed  rises,  the  gain  in  speed  from  minimum  to  maximum, 
(b  to  d)  represented  by  S,  being  proportional  to  the  area  of  the 

figure  bed,  or  it  is  equal  to     adL     The  acceleration  is  negative 
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again  from  d  to  e,  and  the  speed  drops  back  to  its  original  value 
at  the  end  of  the  impulse  to  pass  through  a  similar  cycle  in  the 
next  impulse. 

Y.  While  the  speed  is  less  than  the  average  during  the  first  half 
of  the  impulse  (as  from  a  to  c,  Curve  V),  any  definite  point  of  the 

TORQUE,  SPEED  AND  DISPLACEMENT 
OF  A  SINGLE  CRANK  ENGINE. 

I**  ~         one  impulse 
la  b  c  d 


F  or  a 


Curve  I 


A.C. 


CO. 


Fig.  17. 


Slechter 


revolving  masses,  as  the  crank-pin  centre,  will  fall  behind  the 
position  it  would  maintain  if  the  angular  velocity  w^ere  constant; 
and  at  c,  where  the  speed  becomes  greater  than  the  average  again, 
it  will  have  reached  its  greatest  displacement  and  will  commence 
to  regain  its  correct  position,  which  it  reaches  at  d  and  passes  to 
a  displacement  ahead  of  that  of  constant  velocity. 

The  change  of  position  from  c  to  e,  represented  by  2  A  ^  is  pro- 
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portioiial  to  the  area  of  the  Curve  1    between  c  and  c,  or  is  e(iual  to 
vdt. 

8.  Tlui!^  we  find  that  tlie  displacomont  an<:::lc  is  proportional  to 
fhe  double  integral  of  the  curve  of  unbahnieed  effort.  This  would 
be  a  long  and  tedious  operation,  but  it  is  tlie  only  correct  method 
of  obtaining  exact  values.  The  method  was  given  in  the  discus- 
sion on  Mr.  Astrom's  paper.  The  work  may  be  considerably 
shortened  by  the  use  of  tlie  integraph  (of  Coradi,  Zurich),  an 
instrument  which  will  graphically  integrate  each  curve  in  turn. 
By  tracing  the  curve  to  be  integrated  with  the  pointer,  a  recording 
pointer  will  draw  a  curve,  each  ordinate  of  which  is  proportional 
to  the  area  enclosed  by  the  original  curve  up  to  that  point.  Its 
principal  objection  is  that  to  get  accuracy  the  original  curve  must 
be  on  a  large  scale,  for  the  deduced  curve  is  of  such  a  scale  that 
a  one-inch  ordinate  represents  at  least  four  square  inches  of  area 
in  the  original. 

9.  The  displacement  may  be  obtained  approximately  quite 
easily  on  the  assumption  that  the  curves  are  more  or  less  regular 
and  symmetrical,  resembling  sine  curves.  Let  us  represent  the 
ratio  of  the  area  of  the  greatest  peak  of  unbalanced  energy  to  the 
rectangle  representing  the  foot-pounds  energy  per  revolution  by 
]c,  where  k  x  P  —  P^. 

p  _  IIP  X  33,000 

EPM 
k  =  unbalancing  factor. 
P]^  =  unbalanced  energy. 
^  =  ft.  X  lbs.  energy  per  revolution. 
IIP  =  output  of  engine. 
PPM  =  speed  of  engine. 

Then  we  have: 

where  W  ~  effective  weight  of  flywheel, 

g  =  the  constant,  32. 
Vo  =  average  velocity  of  IF, 
T^2  =  maximum      "      of  TF, 
Vi  =  minimum      "      of  TF, 

*S  =  — y 

'  o 
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S  is  tlic  vai'ijil  ion  in  speed  sliowri  in  tlio  diagram. 

10.  Having  the  value  of  Hy  we  must  assume  that  the  maximum 

variation  from  mean  is  ^   and  the  average  value  (from  c  to  e) 

a        o  O 

—  X  —  =  -.       This  average  value  of  S  lasts  during  one-half  of  an 
2       TT       ;r 

impulse,  or,  if  n  is  the  number  of  impulses  per  revolution,  while 
the  crank-pin  is  passing  — —  degrees.      Therefore  the  change  in 

.,.       ,     .       ,,  .    ,.       .    ^          .S'      360        ,           S  X  360 
positron  durino;-  this  time  is  2  a  =-  x  -t— -,  and  A  =  — -. . 

^  ^  Tt  '2,n  4:7171 

Combining  these  formulae  so  as  to  get   A  in  terms  of  K: 

_  h  X  P  X  g  X  360 

~         WV'l  X4:7tn 

This  is  the  displacement  of  the  crank-pin  from  mean. 

11.  In  a  bipolar  alternator  the  E.M.F.  performs  a  complete 
cycle  for  every  revolution;  in  a  four-pole  machine  there  are  two 
cycles  per  revolution ;  that  is,  there  is  a  cycle  for  every  pair  of  poles 
per  revolution,  and  if  there  are  p  pairs  of  poles  on  an  alternator 
one  cycle  of  the  crank  corresponds  to  p  x  360  degrees  in  the 
electrical  circuit.  Thus,  if  a  is  the  displacement  (from  mean)  in 
the  electrical  circuit,  then  a  =  p  x  A ,  or  many  times  the  displace- 
ment usually  calculated  and  discussed.  The  effect  produced  in  the 
electrical  circuit  is  due  to  this  displacement  rather  than  to  the 
variation  in  speed. 

12.  Tw^o  sine  waves  of  a  given  amplitude  E,  if  they  differ  in 

phase  by  B  degrees,  have  a  maximum  difference  of  2E  sin  -— . 

z 

Thus,  if  two  generators  differ  in  phase  B  degrees,  an  E.M.F.  of 
this  value  is  short-circuited  through  their  joint  impedance. 

If  we  represent  their  full  load  current  by  unity,  the  short- 

circuit  current  would  be  about  2.5,  and  the  impedance  — -.      Then 

2.5 

the  cross  current  due  to  this  displacement  would  be: 


^  =  -  =z =—  =  2.5  sm  -—. 

2.5 
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Assiniiinti:  a  value  f«H'  lliis  cross  current  of  10  per  cent.  <»f  full 
load  current  as  a  reasnnaMe  allnwance,  \vc  lia\e: 

2.5  shi    ,  =  .!<>,  wiience      =  2.30. 
2  2 

That  is,  a  displacement  of  phase  in  the  electrical  circuit  of  2.5 
from  mean  will  cause  a  cross  current  of  about  lO  per  cent,  of  full 
load  current  to  flow.  Therefore  we  assume  a  —  2.5  as  the  limit- 
ing value  of  the  displacement.  This  cross  current  heats  the  wind- 
ings of  the  generators  and  may  cause  considerable  loss  of  power 
in  the  resistances  of  the  connecting:  cables. 

13.  The  value  a  —  2.5  is  one  which  builders  of  electrical 
apparatus  have  more  or  less  generally  agreed  on  as  the  limit,  if 
satisfaetory  parallel  running  of  apparatus  is  expected.  If  other 
conditions  are  favorable,  such  as  low  resistance  between  genera- 
tors, and  few  synchronous  motors  in  circuit,  the  generators  will 
work  well  in  parallel  with  a  considerably  greater  displacement,  but 
when  the  conditions  become  exacting  2.5  is  the  limit. 

14.  A  synchronous  motor  or  rotary  converter  having  a  constant 
load  tends  to  run  at  constant  speed  and  has  more  or  less  flywheel 
effect  in  its  rotating  member.  If  now  this  is  connected  to  an 
alternator  driven  by  an  engine  which  has  an  irregular  angular 
velocity,  giving  a  displacement  from  +  2.5  to  —  2.5,  there  will  be 
a  continual  give  and  take  of  current  between  the  two  which  may 
lead  to  the  phenomenon  known  as  hunting.  That  is,  when  the 
generator  is  ahead  of  the  motor,  the  motor  tries  to  catch  up  and 
takes  power  from  the  generatoi*  to  do  so;  then,  when  the  generator 
is  behind  in  relative  position,  the  motor  tries  to  drag  it  along,  and 
in  so  doing  gives  its  power  back  again. 

15.  We  have  seen  that  the  evil  effect  in  the  electrical  circuit 
increases  with  p,  the  number  of  pairs  of  poles.  Thus  it  is  that 
high  frequency  generators  give  more  trouble  than  low  frequency 
generators.  In  most  designs  of  engines  the  flywheel  capacity 
necessary  to  carry  the  engine  over  a  change  in  load  while  the 
governor  is  operating  is  sufiicient  to  maintain  the  angular  velocity 
within  reasonable  limits,  but  in  cross-compound  engines  the  inertia 
of  the  reciprocating  parts  of  the  low-pressure  cylinder  (the  cylinder 
being  so  large)  is  usually  so  great  that  the  crank  effort  diagram  is 
much  distorted.  Instead  of  getting  four  peaks  per  revolution, 
we  get  two  or   three,  and   each   of   these   peaks   lasts   longer, 
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the  period  of  high  speed  lasts  longer,  and  the  displacement  is 
greater. 

H).  'riiere  is  also  an  ai»gravatin<>,'  action  in  the  electrical  gener- 
ator its(>if,  as  pointed  out  by  J\Ir.  II.  I^.  Loni^wcll  in  a  ])aper  be- 
fore the  Engine  Bnilders'  Association  last  Alay.  '1  his  is  what  may 
be  called  the  synchronizing  force,  or  torque,  of  the  generator.  As 
mentioned  before,  each  generator,  as  well  as  each  motor  and  rotary 
of  the  system,  tends  to  keep  in  step  with  the  rest  of  the  system — 
that  is,  resists  any  displacement.  If  some  external  force  causes  a 
displacement,  there  occurs  in  the  generator  a  torque  proportional 
to  the  displacement,  tending  to  bring  the  revolving  part  back  to 
the  mean  position. 

If  the  displacement  is  backward,  as  at  c  of  Curve  3,  Fig.  17,  there 
will  be  a  torque  trying  to  pull  the  revolving  part  forward  into  step 
(as  in  Curve  4,  Fig.  17),  which  torque  it  will  be  noticed  is  greatest 
where  the  displacement  is  greatest,  and  where  the  engine  effort 
is  greatest;  thus  the  synchronizing  torque  of  the  generator  is  in 
step  with  the  unbalanced  eifort  of  the  engine  and  additive  thereto. 

17. .  Two  generators  connected  in  multiple  will  share  the  load 
between  them  at  any  instant  in  proportion  to  the  angular  displace- 
ment between  them.  If  the  displacement  is  not  very  great,  the 
variation  in  load  or,  in  other  words,  the  synchronizing  force  in  each 
is  proportional  to  the  sine  of  one-half  the  angle  between  them — 
that  is,  is  proportional  to  the  cross  current.  Thus  we  find  that  at 
2.5  degrees  displacement  there  is  a  torque  equal  to  10  per  cent,  of 
full-load  torque  tending  to  pull  the  alternator  into  step,  and  this 
torque  occurs  simultaneously  with  the  excess  effort  of  the  engine 
and  increases  that  excess  and  the  unbalancing  factor. 

18.  In  the  case  of  the  800-kilowatt  set,  the  curves  of  which 
are  given  here  as  an  example,  we  find  a  displacement  of  3.4  degrees, 
due  to  unbalanced  engine  effort  alone,  and  this  displacement 
causes  a  synchronizing  torque  in  the  alternator  varying  up  to  15 
per  cent,  of  full-load  torque  as  a  maximum.  This  increases  the 
unbalancing  factor  30  per  cent.,  and  would  increase  the  displace- 
ment about  the  same  amount.  But  this  is  an  old  plant  and  an 
unusually  severe  case  (60  cycles).  This  shows  that  it  does  not 
necessarily  follow  that  alternators  of  large  synchronizing  power 
will  run  in  parallel  better  than  those  of  small  synchronizing  power, 
but  rather  the  reverse,  though  there  are  reasons  why  the  other 
extreme  is  not  desirable  either. 

It  might  be  interesting  here  to  note  that  in  a  continuous  cur- 


FLYWHEEL   CAPACITY    FOU    ENGINE-DUIVEN    ALTEUNATOHS.      105 

rent  mac'liiiic  tliis  tonjue  is  projx^rtioiinl  to  the  speed  inf-tead  of  the 
ilisphieemeiit.  AVhcii  the  sjK'ed  is  hii;li  the  tonpie  is  negative,  and 
when  the  speed  is  low  it  is  positive,  or  additive  to  the  engine  elTort. 
This  is  shown  in  Curve  5  of  Fi<»-.  IT.  The  etfeet  of  this  tonpie  is 
merely  to  distort  the  curve  (►f  engine  effort,  as  it  is  displaeed  1)0 
degrees  therefrom.  It  is  interesting  to  note  that  this  torque  is 
just  opposite  in  effect  to  that  of  tlie  reciprocating  parts  at  any  given 
time. 

19.  From  a  number  of  engines  1  have  analyzed,  and  from  data 
collected  from  some  German  and  French  tecllnical  publications  and 
different  American  engine  builders,  it  may  be  considered  reason- 
able to  expect  an  unbalancing  factor  of: 

.15  — .']()  in  a  single-crank  double-acting  engine, 
.075  —  .15  in  a  two-crank  engine. 

But  in  the  two-crank  engine,  as  mentioned  before,  the  distorted 
curve  of  effort  usually  gives  only  two  displacements  per  revolution 
instead  of  the  four  we  Avould  expect;  therefore  we  may  say  that 
the  ^'  apparent  "  unbalancing  factor  is  .15  —  .50.  A  three-crank 
engine  has  about  the  same  apparent  unbalancing  factor  as  a  two- 
crank. 

A  vertical  engine  gives  a  little  more  unbalancing  than  a  hori- 
zontal, due  to  the  dead  weight  of  the  moving  parts,  for  which  we 
should  make  some  allowance. 

20.  To  determine  a  weight  of  flywheel  which  would  limit  the 
displacement  to  a  value  approximately  equal  to  2.5,  I  have  derived 
a  formula  based  on  the  above  unbalancing  factors  with  a  reason- 
able increase  to  allow  for  overloads.  While  not  always  giving 
the  most  desirable  flywheel  capacity,  since  it  w^ould  be  impossible 
to  take  into  account  all  the  irregularities  of  some  engines,  yet  it 
gives  a  value  suited  to  the  various  conditions,  such  as  frequency 
of  alternator,  style  of  engine,  etc.,  such  that  if  the  engine  is  rea- 
sonablv  good  we  will  c:et  the  results  desired.  If  this  weialit  of  flv- 
wheel  does  not  give  satisfactory  results  it  would  be  much  better 
(for  the  electrical  circuit)  to  make  such  changes  in  the  engine 
itself  as  to  aive  a  better  crank  effort  dia2:ram  than  to  increase  the 
weight  of  flywheel,  for  a  flywheel  may  easily  give  trouble  by  being 
too  heavy. 

21.  As  changes  in  the  engine,  I  might  suggest: 

First,  as  best  though  most  difficult,  changing  the  angle  between 
the  two  cranks. 
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Second,  cluuiuiiii;"  tlic  ])r()porti()n  of  load  taken  by  the  different 
cylinders,  and  make  the  low  pressure  take  more  load. 

Third,  introduce  compression  at  the  end  of  the  stroke  to  take 
up  inertia,  particularly  in  low-pressure  cylinder. 

The  formula  is : 

]lr^  = ^^ , 


Vertical 
Cross-compound. 

Horizontal 
Cross-compound, 

275 

250 

440 

400 

550 

500 

660 

600 

1380 

1250 

where  W=  effective  weight  of  wheel, 

/i^IF  =  rating  of  generator, 

S  =  speed  of  engine  in  E.P.M 
r  =  radius  of  gyration, 
(7  =  a  constant  as  follows : 


Horizontal 
Single-crank. 

25  cycles SI-") 

40      "     505 

50      "     630 

60      "     755 

125      "     1575 


22.  In  some  cases  it  is  necessary  to  use  a  larger  flywheel  than 
this  to  carry  the  load  during  the  short  time  it  takes  for  the  gov- 
ernor to  operate.  In  railway  power  stations  the  load  varies  so 
greatly  and  so  suddenly  that  an  immense  flyw^heel  has  to  be 
adopted  to  meet  these  changes  and  the  angular  displacement  has 
to  be  ignored.  But  so  far  as  hunting  and  parallel  operation  are 
concerned,  too  great  a  weight  of  flywheel  is  almost  as  undesira- 
ble as  too  little,  for  a  large  inertia  in  the  circuit  means  that  much 
power  must  be  expended  in  bringing  any  oscillating  mass  back  into 
synchronism.  Therefore,  where  a  very  heavy  flywheel  is  not  neces- 
sary for  definite  reasons,  it  is  desirable  to  keep  the  weight  down, 
and  the  w^eight  necessary  to  limit  the  displacement  to  2.5  degrees 
will  be  found  a  reasonable,  medium  value. 

23.  In  many  cases  where  hunting  has  occurred  due  to  a  pulsat- 
ing prime  mover  or  other  cause,  it  may  be  held  in  check  and  prac- 
tically suppressed  by  connecting  a  dashpot  to  the  governor  mech- 
anism. This  dashpot  should  have  the  characteristics  that  it  is 
not  sensitive  to  sudden  changes  in  load  or  speed  but  that  any  pro- 
longed change  will  cause  it  to  move.  This  has  been  used  success- 
fully in  practice  to  a  considerable  extent. 


..% 
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2\.  To  (Ictcriiiinc  hy  tost  tlic  varintion  in  s])('i'(l  of  mi  engine 
is  a  very  delicate  and  eoniplieated  experiment,  and  there  have  been 
nianv  ways  tried  and  snggested,  but  with  very  littU;  snccess.  At 
\\\o  meeting  of  the  French  Societe  Internationale  des  Electriciens 
last  winter  this  subject  was  discussed  and  many  methods  described. 
The  most  successful  was  that  of  E.  AV.  ^lix,  in  which  a  bevel-gear 
wheel  is  driven  from  the  engine  shaft  by  some  very  j)ositive 
method^as  gearing,  or  a  bicycle  wheel  pressed  against  the  engine 
ilywheel.  This  gear  wheel  drives  in  opposite  directions  two  other 
bevel  gears  on  concentric  shafts  at  right  angles  to  the  shaft  of 
the  first  gear.  The  outer  hollow^  shaft  of  these  two  concentric 
shafts  drives  a  light  aluminum  disk.  The  other  gear-wheel  is  con- 
nected to  a  shaft  cou'^isting  of  a  long  elastic  steel  wire,  and  this 
drives  a  disk  with  a  heavy  flywheel  rim.  These  two  disks  are 
placed  side  by  side.  One  being  light  and  connected  by  a  rigid 
shaft,  follows  all  the  irregularities  of  the  prime  mover;  the  other, 
having  considerable  inertia  and  being  driven  by  an  elastic  connec- 
tion, revolves  at  practically  constant  angular  velocity.  There  are 
slits  in  both  disks,  and  by  an  arrangement  of  a  light  and  mirror 
the  relative  displacement  of  the  slits  causes  a  beam  of  light  to  be 
deflected. 

25.  If  an  alternator  becomes  very  much  displaced  in  phase  it 
may  absorb  power  electrically  and  drag  the  engine  along.  If  now 
the  governor  does  not  meet  the  condition  properly,  there  may  be 
no  steam  admitted  to  the  cylinder;  then  at  the  end  of  the  stroke 
the  vacuum  in  the  cylinder  may  be  suflicient  to  draw  water  from 
the  condenser,  wdiich  may  cause  damage.  Electrical  damping 
devices  are  used  in  many  cases  to  overcome  these  irregularities. 
They  consist  of  short-circuited  windings  on  the  poles  of  the  alter- 
nator. AVhen  the  alternator  oscillates  ahead  of  or  behind  its  cor- 
rect speed,  currents  are  generated  in  tliese  devices  which  tend  to 
oppose  these  oscillations.  This  is  quite  effective  if  the  oscillations 
are  rapid  or  of  a  short  period,  but,  of  course,  it  w^astes  power  just 
in  proportion  as  its  effectiveness  increases,  being  nothing  more 
than  a  friction  brake. 

26.  To  give  an  idea  of  the  flywheel  capacity  required  to  meet 
the  requirement  advocated  and  show  that,  contrary  to  the  general 
opinion  among  mechanical  engineers  and  engine  builders,  a  very 
heavy  wheel  is  not  necessary,  I  append  a  table  giving  a  compari- 
son of  the  weights  calculated  by  the  above  formula  and  those  actu- 
ally installed  by  the  engine  builders. 
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Iiistiill(;d.  Calculated. 

Altoona i;},()()0  11,000 

Cleveland 41,(00  75,000 

(ilusgow 148,000  164,000 

Hanover 40,000  53,000 

Baltiuioie 73,000  45,000 

Metropolitan 240,000  193,000 

Washington 15,100  17,500 

Pl.iladelphia 70,000  107,000 

Omaha 24,000  18,000 

Santa  Catalina 34,000  21,000 

Tornavento 72,000  44,000 

Santiago 17,000  13,300 

Milwaukee    50,000  40,000 


Exjplanation  of  Diagrmas. 

27.  I  have  given  attached  the  curves  of  a  horizontal  cross- 
compound  engine,  cylinders  24  inches  and  48  inches,  by  48  inches 
stroke,  which  is  direct-connected  to  a  60-cycle  alternator  of  800 
kilowatts  at  100  revolutions  per  minute.  There  were  several  of 
these  in  the  station  and  there  was  considerable  trouble  from 
''  hunting."  It  was  finally  necessary  to  put  short-circuit  windings 
on  the  poles  and  a  dash-pot  governor  on  the  engine,  since  which 
time  the  plant  has  run  satisfactorily.  The  plant  was  laid  out 
several  years  ago. 

28.  The  irregular  shape  of  the  curve  of  combined  high  and  low 
pressure  crank  efforts  will  be  noticed.  There  are  practically  only 
two  impulses  per  revolution.  The  maximum  unbalancing  factor 
is  .095,  is  negative,  occurs  during  the  (high-pressure)  return  stroke, 
and  lasts  for  126  degrees,  or  over  a  third  of  a  revolution;  this  is 
the  cause  of  the  poor  characteristics  of  the  engine.  If  dead  weight 
were  added  to  the  high-pressure  piston  the  diagram  would  be  im- 
proved, or  if  the  angle  between  the  cranks  were  less. 

By  integrating  this  curve  of  crank  effort  we  get  the  velocity 
curve  as  shown,  and  by  integrating  this  in  turn  we  get  the  curve 
of  displacement  of  the  crank  centre,  which  shows  very  clearly 
the  '"''  two  impulse  "  effect  of  the  engine. 

The  maximum  displacement  is  .095  degree.  The  generator  has 
72  poles;  hence  the  displacement  in  the  electrical  circuit  is  36  x 
.095  =  3.4  degrees. 

29.  In  Fig.  19,  Curve  1,  is  shown  o/^  the  displacement,  and  the 
broken  line  shows,  the  variation  in  synchronizing  force.     In  the 
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lower  part  of  the  fijruro  we  have  in  full  lines  the  erank  effort  dia- 
ijrani   and  eiirvc  c  is  the  synchronizinii'  tonjuc  of  the  alternator  in 


WMIfNT  OH  CRANK  IHA^T 

FOR  ONE  REVOLUTION 

AT  I  ft.  RAO. 


Fig.  18. 


foot-poimds.  Adding  these  two  together,  we  get  the  resultant 
unbalancing  torque,  which,  as  mentioned  before,  gives  an  un- 
balancino;  factor  of  .123,  or  30  per  cent,  greater  than  that  due  to 
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Fig.  1'.). 


the  engine  alone.  In  these  diagrams  the  high-pressure  cylinder 
takes  47.5  per  cent,  of  the  load  and  the  low-pressure  cylinder 
52.5  per  cent. 


DISCUSSIOX. 


Mr.  Henry  E.  Longwell. — Tn  paragraph  No.  12  it  is  stated 
that  if  we  represent  the  full  load  current  of  the  generator  l)y 
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llllitV,   tilt'  sliol-t   (il'cilil    cUI'l-tMlt     would    he   nlioill    ij.r»  ;ill<l   the  iiji- 

jKHlaiice  ~.      I  do  not  s(M'  wliy  tlu'  slun't  ciicnit  cnnciit  is  tirc(»s- 

sarily  li.T)  or  aiiyw  Ikm'c  near  it.  It  seems  to  me  that  tiie  slioi  t 
circuit  eui'i'eiit  is  ;i  ijuestion  ot"  the  (losi<j:n  of  the  generator,  and 
inii;ht  he  aiiythiiiii:  within  reasoniihk*  limits — sav,  from  2  to  5 
times  the  normal  lull  load  current.  Would  it  not  he  a  more  ex- 
act way  of  putting  it  to  say: 

If  we  i'e})resent  their  full  load  current  hy  unity,  an(/  tJke  sli(,r( 
circuit  CKrmtf  is  2.5  i'ones  fuU  hmd  cfirrt  nf^  ilw  unj>n1nni(   irill, 

E 

he  ■—-  and  the  mhss  current  due  to  this  disjtliKwment^  etc. 

I  i^resumethat  in  the  iirst  equaliiin  of  pai'agra|)h  Vl^  i  —  -  that 

z 

i  =  the  cross  current  due  to  the  electromotive  force  caused  hy 
the  displacement  of  the  phases  of  the  two  generators. 

c  =  this  electromotive  force  which  is  2  ^'sin.  — . 

z  —  twice  the  impedance  of  one  alternator. 

As  long  as  generators  are  built  with  ditferent  short  circuit 
characteristics,  and  it  is  desired  to  limit  the  cross  current  to  10 
per  cent,  of  full  load  current,  it  would  seem  desirable  to  use  a 
more  general  formula  in  which  .e  would  e(]ual  the  short  circuit 

E 
current  and  —  the  impedance. 

p 

The  short  circuit  current  would  then  equal  ,r  Sin.  -^,  and  the 

displacement  giving  10  per  cent,  crosscurrent  would  be  such  that 

^.      n       0.10 
Sin.  --  =  . 

2  ,/' 

Inasmuch  as  the  effect  of  the  svnchronizino-  force  is  to  aut»-- 
ment  the  unbalancing  moment  in  the  engine,  which  in  turn  in- 
creases the  displacement,  Ave  are  not  so  much  concei'ned  with  the 
initial  displacement  due  to  the  engine  alone,  as  with  the  final 
displacement  due  to  the  aggravating  influence  of  the  synchroniz- 
ing force. 

Coincident  with  my  own  paper  on  this  suljject,  referred  to  in 
parag]*a[)h  10,  Mr.  E.  TJoseidjerg,  chief  engineer  for  the  firm  of 
Ivorting  Brothers  iu  Hanover,  Germany,  published  in  the  EUc- 
trotechiiische  Ztitschrift  (Xos.  20-22  for  1002),  a  very  much  more 
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])ra(*tic;il  Jind  exluuistive  ])ai)cr  on  the  s;uiic  linos.     An  English 
transhilion  has  l)(3en  ])roinise(l,  hut  I  ha\'(;  not  as  yet  seen  it. 

In  bt'iel",  howevxM*,  Mr.  Eosenherg-  shows  very  clearly  that  no 
invariable  rule  can  be  laid  down  for  the  initial  displacement  due 
to  the  engine  alone,  as  even  with  tiie  same  synchronizing  force 
between  the  generators,  the  amount  that  the  initial  displacement 
is  augmented  b}^  the  synchronizing  force  varies  with  the  type  of 
the  engine. 

A  single-crank  engine  will  permit  of  a  greater  initial  displace- 
ment than  an  engine  having  two  or  more  cranks,  and  a  single- 
cylinder,  single-acting,  four-cycle  gas  engine  will  admit  of  a  still 
greater  displacement. 

The  amount  that  the  synchronizing  force  will  augment  the 
initial  displacement  depends  on  the  magnitude  of  this  synchron- 
izing force  as  compared  with  the  unbalanced  torque  in  tlie  engine. 

In  a  single-cylinder,  single-acting,  four-cycle  gas  engine  the 
unbalanced  torque  in  the  engine  would  be  very  great,  and  the 
torque  due  to  the  synchronizing  force  resulting  from  a  displace- 
ment of  2.5  electrical  degrees  would  be  quite  insignificant  in 
comparison. 

On  the  other  hand,  in  a  three-crank,  double-acting  steam  en- 
gine^ the  unbalanced  torque  might  be  less  than  the  synchronizing 
torque  resulting  from  an  initial  dis]:)lacement  of  2.5  electrical 
degi'ees. 

In  the  first  case  the  augmentation  of  the  initial  displacement 
b}^  the  synchronizing  force  would  be  trifling,  while  in  the  second 
case  the  initial  displacement  would  be  increased  indefinitely  until 
the  generators  pulled  apart. 

Mr.  Slichter  has  shown  that  for  a  certain  800  kilowatts, 
60-cycle  alternator  with  72  poles,  running  at  100  r.  p.  m.,  with 
a  displacement  of  3.4  electrical  degrees  due  to  the  engine  alone, 
the  synchronizing  force  increases  the  unbalanced  force  in  the 
engine  itself  by  about  30  per  cent.  By  the  double  integration 
of  the  new  curve  of  moments  ^ve  would  get  a  new  displacement 
curve  of  about  30  per  cent,  greater  amplitude.  This  in  turn 
would  again  increase  the  unbalanced  turning  moment  and  give 
rise  to  still  another  displacement  curve.  The  final  displacement 
would  be  roughly  the  summation  of  an  infinite  series  in  w^hich 
each  increment  was  30  per  cent,  of  the  one  preceding.  In  other 
words,  the  total  displacement  would  be 
3.4  +  1.02  +  0.3  +  0.1  -H   -^  ^  *  ^  ^  ^  ^  ^  =  about  4.9  degrees. 
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It  is  easy  t)  inian'iiK*  that  \vi»  iiiiLilit  have  aMotlicr  tvpe  of  cii- 
gine  of  till'  same  power  ami  spcu'd,  which  W(uil(l  ^^ive  a  ci'aiilv 
effort  curve  enon<ni  more  uniform  to  make  th(;  uiihahmein;:  factor 
.047.')  instead  of  .<>*.».'».  If  the  tlvwliei^l  were  eiiou<rh  li'diter  to 
make  the  displactMiuMit  the  same  as  in  tlu?  lirstoase,  tlie  synchron- 
izin<^  tor(]ue  would  increase  the  uid)ahincin<^  fjictor  in  the?  en<;ine 
60  ])er  cent,  instead  (jf  .".(•  per  cent.  The  ultimate  disphicement 
starting  with  thi^  sauie  iiutial  displacement  would  then  l>r 
3.4  +  2.01  4-  1.-22  -I-  0.;:}  4-  0.45  -f  0.2T  +  <>.  1.;  +  o.u<j  -f- 
vv  -:v  -:v  ^  -:r  vr  vc  -r  _  j^j^Q^t  8.4  electHcal  degrees. 

The  mathematical  treatment  of  the  problem,  either  as  regards 
the  determination  of  the  irregularity  in  the  speed  of  the  ily- 
wheel,  or  the  electrical  disturbance  in  the  generator,  can  hardly 
be  relied  upon  to  give  us  dependable  (piautitative  results. 

We  all  know  the  uncertainties  as  regards  the  en<j:ine  itself — 
a  possible  error  in  estimating  the  weight  of  the  reciprocating 
parts,  or  a  variation  in  the  steam  distribution  froui  that  we  have 
assumed,  or  perha])s  an  unfortunate  choice  as  to  the  proper  load 
on  which  to  make  the  calculations.  While  we  now  make  these 
involved  and  tedious  caculations,  we  always  discredit  the  results 
bv  multiplving  them  bv  two  or  three  to  cover  uncertainties. 

The  electrical  calculations  are  also  unreliable,  as  they  are  based 
on  three  assumptions,  none  of  which  can  be  regarded  as  abso- 
lutely true.     These  assumptions  are: 

(a)  That  the  pole  pieces  are  spaced'  with  absolute  mathemati- 
cal accuracy. 

(h)  That  the  magnetic  centre  of  each  pole  coincides  exactlv 
with  the  geometric  or  mechanical  ccTitre. 

(r^  That  the  electromotive  force  is  represented  by  a  true  sine 
curve. 

The  mathematical  investigation  is.  however,  exceedinglv  valu- 
able  in  that  it  gives  us  a  true  insight  as  to  the  general  character 
of  the  conditions  vre  have  to  meet,  and  their  mutual  relations  on 
each  other.  It  moreover  gives  us  something  on  which  to  base 
our  judgment  as  to  the  amount  of  flywheel  effect  necessary,  but 
the  actual  weight  of  flywlieel  required  is  none  the  less  a  matter 
of  iudo'inent. 

1  do  not  doubt  that  Ave  shall  soon  use  an  empirical  rule  for  the 
flvwheel,  something  of  the  form  suijfgested  bv  Mr.  Slichter  in 
paragraph  21.  Such  a  formula  will  doubtless  be  deduced  from 
data  taken  from  a  number  of  generating  units  which  are  running 
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ill  |);ii'allol  satisfjictorily.  Jt  will  doubtless  contiiin  a  iactor  for 
the  slioi't  circuit  current  of  the  <^-enerator,  and  will  })erlia{)s  not 
favor  one  type  of  an  engine  more  than  another  as  does  the 
formula  given. 

There  is  no  such  thing  as  absolute  perfection  in  the  ])arallel 
operation  of  alternators  direct-connected  to  reciprocating  en- 
gines, and  we  can  only  ho[)e  to  reach  the  ])oint  where  the  con- 
census of  o])inion  is  that  the  results  are  good  enough. 

I  can  see  no  theoretical  limit  to  the  amount  of  flywheel  that 
can  be  used  to  good  effect.  When  the  alternators  are  once 
coupled  in  parallel,  it  would  seem  that  the  more  flywheel  we 
have  the  better  would  be  the  operation.  In  the  act  of  cutting 
an  alternator  in  on  the  general  system,  however,  the  heavier  the 
flywheel  the  greater  the  care  which  must  be  taken  to  have  it  run- 
ning at  the  correct  speed  when  the  switch  is  closed,  to  ])revent 
the  shock  due  to  the  sudden  acceleration  or  retardation  of  a  large 
mass. 

Mr.  Walter  I.  SUchter. ^^In  reply  to  Mr.  Longwell's  criticism 
of  the  value  used  for  the  short  circuit  current  of  the  alternator 
in  the  paper,  I  would  say  that  that  is  an  average  value  of  many 
different  machines  which  I  have  analyzed.  I  have  before  me 
now  the  tests  on  twenty  different  machines,  taken  at  random. 
The  maxhnum  value  of  the  short  circuit  current  shown  bv  these 
is  3.74  times  the  full  load  current,  the  minimum  1.52  and  the 
average  2.58.  Therefore  I  claim  that  this  is  a  reasonable  value 
on  which  to  base  calculations.  A  change  in  the  value  of  the 
short  circuit  current  from  2.5  to  3  would  increase  the  cross  cur- 
rent from  10  per  cent,  to  12  per  cent,  for  the  given  displacement, 
and  would  increase  the  synchronizing  torque  20  per  cent.,  and 
this  in  turn,  then,  would  increase  the  final  unbalancing  factor 
some  10  per  cent.  Now,  the  change  in  the  unbalancing  factor 
due  to  the  cut-off  changing  with  the  load,  is  much  greater  than 
this.     Thus  I  consider  it  an  unueccessary  refinement. 

Of  course,  the  formula  would  be  more  accurate  if  such  a  con- 
stant as  Mr.  Longwell  proposes  were  introduced,  but  it  is  ques- 
tionable if  the  gain  in  accuracy  would  warrant  the  complication. 
There  are  other  conditions  which  are  more  variable. 

The  object  in  putting  forth  this  formula  is  not  to  set  a  hard 
and  fast  rule,  but  to  calculate  a  value  which  would  come  within 

^Author's  closure,  under  the  Rules. 
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tlie  lines  of  good  practice,  for  I  liave  known  of  many  cases  where 
Hywheels  have  been  ])r()|)ose(l,  and  even  instalh'd,  which  were 
very  far  from  a  reasonahk^  vahie,  due  to  a  misconception  of  the 
])roperties  of  the  alternator. 

This  formula  is  not  deduced  from  theory,  but  is  based  on  j)rac- 
tice  as  will  be  seen  by  the  table  of  values  given.  The  mathe- 
matics is  merely  introduced  to  show  the  relative  im])ortance  of 
the  different  factors  and  the  way  in  which  they  enter. 

Mr.  LongwelTs  discussion  of  the  cumulative  effect  of  the  syn- 
chronizing tor(]ue  is  very  interesting,  and  it  is  very  possible  that 
this  has  been  the  cause  of  considerable  trouble.  It  is  one  of  the 
reasons  why  a  two-crank  engine  connected  to  a  given  alternator 
must  have  more  than  one-half  as  much  flywheel  weight  as  a 
single-crank  engine. 
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THE  DEFLECTION  OF  BEAMS  BY  GRAPHICS. 

BY   WILLinALD   TUINK9,    YOITNOSTOWN,    O. 

(.Non -member.) 

1.  The  method  of  designing  machinery  considering  strength 
alone  is  rapidly  becoming  obsolete.  On  the  other  hand  the  impor- 
tance of  rigidity,  that  is  smallness  of  deformation,  is  appreciated 
more  and  more,  and  it  is  often  desirable  to  predetermine  the  de- 
flection which  will  take  place  in  a  certain  part  of  a  new  machine. 
The  easiest  way  to  accomplish  this  task  is  of  course  by  comparison 
with  corresponding  parts  of  similar  machines,  the  deflections  of 
which  have  been  measured  ;  but  there  will  invariably  occur  cases 
where  such  a  procedure  is  impossible,  either  because  results  of 
measurements  are  not  available,  or  because  the  machine  to  be  cal- 
culated is  so  different  in  style  or  size  from  anything  previously 
constructed,  that  comparisons  would  be  unreliable.  In  such  an 
instance  there  is  nothing  left  but  a  guess  or  a  calculation,  and  the 
latter  is  much  the  safer  way. 

2.  But,  while  the  calculation  of  parts  with  regard  to  strength  is 
comparatively  simple,  and  formulas  and  directions  for  dimen- 
sioning parts  to  sustain  a  given  load  can  be  found  in  most  reference 
books,  the  analytical  calculation  of  the  deformation  of  the  same 
parts  becomes  at  once  helplessly  complicated  and  extremely  diffi- 
cult, so  that,  as  a  rule,  only  very  rough  approximations  can  be 
obtained.  However,  it  is  entirely  unnecessary  to  abide  with  crude 
and  imperfect  results,  because  there  exist  several  graphical  or 
semi  graphical  methods  which  give  comparatively  accurate  results 
without  complex  calculations.  The  full  comprehension  of  these 
methods  demands  the  knowledge  of  the  elements  of  the  calculus, 
which  probably  accounts  for  the  fact  that  they  are  not  as  widely 
known  as  they  deserve  to  be.  But,  as  their  application  is  much 
easier  and  at  the  same  time  more  accurate  than  that  of  the  common 
analytical  methods,  it  will  be  tried  in  the  following  to  present 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 
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three  of  the  more  important  methods  in  a  suitable  manner  U)V 
evei'yday  u^^e  of  the  pi'aetical  en^dneer  and  (iial'lsman. 

3.  Of  course  it  is  im|)()ssible  to  repeat  hert;  the  \vl10h3  theoi'v  of 
the  flexure  of  beams,  so  we  sliall  start  with  the  followin*^  fun(hi- 
mental  rehition,  the  deduction  of  which  can  be  found  in  anv  ref- 
erencc  book : 


7         ^f  ; 


(1) 


In  this  equation  dx  is  a  small  lengtli  of  a  beam  (Fig.  2U);  3f  {.he 
bending  moment  caused  by  the  external  forces  (/.e.,  aj^plied  loads 
and  reactions),  and /the  moment  of  inertia,  both  with  reference 


to  the  beam-element  under  consideration.  J^  is  the  modulus  of 
elasticity  and  tZr  is  the  small  angle  which  two  consecutive  secticjns 
a  and  h  (which  were  parallel  previous  to  the  bending)  make  under 
the  influence  of  the  moment  J/. 

4.  The  formula  (1)  is  cnpable  of  vaiious  interpretations. 

First,  it  will  be  noticed  that,  in  a  deflected  beam,  there  is  a  small 
angle  dt  between  every  two  consecutive  sections  (see  Fig.  21),  so 
that  the  angle  r,  which  the  two  end  sections  of  the  beam  make,  is 
equal  to  the  sum  of  all  the  small  angles  d  t^  or 

r  ==  (Jt^  +  dr..  +  dr.^  -f  etc. 
dr 
J/   , 

General  equations  for  the  deformation  of  beams  can  only  be 
deduced  under  the  supposition  that  the  beam  is  prismatic,  that  is 
/  is  constant  over  its  entire  length  ;  but  in  reality  this  seldom 
occurs.  As  a  rule  /is  variable  and  it  becomes  therefore  necessary 
to  combine  the  two  variables  J/ and  /in  such  a  manner  that  thev 
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aj)|)(\ir  as  a  sin<^lo  variable  {l(3pen(ling  upon  the  value  of  x.  To 
this  end  we  select  that  moment  of  inertia  /^,  which  is  constant 
over  tlie  greatest  length  of  the  beam,  as  a  moment  of  inertia  of 
reference,  and  reduce  the  values  of  the  bending  moments  over  the 

rest  of  the  beam  in  the  ratio  -j.    Take,  for  example.  Fig.  22,  which 

represents  a  shaft  of  two  diameters  do  and  cZ„  resting  in  two  bear- 


iT^r-. 


Fig.  21. 

ings  a  and  5,  and  carrying  two  loads  P  and  Q.  From  statics  it  is 
known  that  the  bending  moment  under  P  is  (with  the  notations 
of  Fig.  22) 

and  that  the  bending  moment  under  Q  is 

M,  =  -^{Px,  +  Qx,) 

5.  If  these  values  be  laid  off  to  a  convenient  scale  as  vertical 
ordinates  12-2  and  13  -3  from  a  horizontal  axis  1-4,  the  broken 
line  1-2-3-4-1  represents  the  magnitude  of  the  bending 
moment  at  'dny  section  and  is  called  the  polygon  of  bending 
moments  for  the  external  forces.  Similarly  the  polygon  1-16- 
17-4  is  obtained  as  a  curve  of  bending  moments  caused  by  the 
weight  W  of  the  beam. 

The  moment  of  inertia  1^  =  ^.  do  is  constant  over  the  greatest 

64 

length  of  the  beam  and  will  therefore  be  selected  as  a  moment 
of  inertia  of  reference.  Throughout  the  length  9-10  (corres- 
ponding to  the  constant  diameter  d^  the  polygon  of  bending 
moments  is  not  altered,  but  the  ordinates  of  the  polygon  over  the 
abscissge  1-9  and  10-4  (corresponding  to  the  smaller  diameter 

I  5-9       /d 

d^  are  enlarged  in  the  ratio -y,  so  that  for  example  —  '    ^ 


/; ^6-9       \d_ 

This  gives  the  polygon  1-5-6-2-3-T-8-4,  which  is  the  poly- 
gon of  bending  moments  reduced  to  a  constant  moment  of  inertia, 
VIZ.  /o,  and  which  will  be  called  the  J/'-polygon.     Having  that. 
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ll> 


Fig.  22. 
we  can  proceed  as  though  we  had  a  beam  of  constant  cross-sec- 

1 


tion,  and  obtain 


r  = 


EI,] 


M'dx 


6.  But  {iM'dx  denotes  only  the  area  1-5-6-2-3-7-8-4- 
18- 17 -IG -15-1,  or  A,n  ;  thus  we  have 


r  = 


EL 


(2) 


The  area  J„/  can  be  measured  with  the  aid  of  a  planimetre. 
As  an  illustration,  the  following  numerical  example  will  be  con- 
sidered. 

(For  notations  see  Fig.  22). 

P  =  90,000  pounds. 
Q  =-  70,000       " 
7r=  25,500       *' 
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a?,  =  X4  —  85  inches. 

a^  —x^=  147     " 

do  =  24:  inches. 

^/,  =20      /' 

^  =  30  X  10"  pounds  per  square  inch. 

7.  Witii  these  figures  we  obtain  : 
i/^  =:  ^1  {Px.^  +  Qx,)  =  7  030  000  pound  inclies 

M,  =  ^^  (/>,.,  +  <2;r,)  =  0  500  000     "         "       !■  ^'"^"^""S  moments. 

J[/"^  =  1  ir  {Xy  +  .Ts)    =     740  000     " 

7,     =^24^=10  300  1 

T  Moments  of  inertia. 

A     -  ,4",  20^  =    7  850  i 
\>±  j 

^    =  2.07 

34  1.42 


FAo       lUOOOO inches' 
M^  _  1.34         , 


^7y      100000  inches' 
J/,,  0.15 


EIo  ~  100000  inches" 

In  Fig.  23  the  polygons  of  bending  moments  are  drawn  above 
the  axis  for  the  weight  of  the  shaft,  and  below  the  axis  for  the  ap- 
plied loads.  Scale  for  distances  :  1  inch  represents  100  inches  ;  scale 

71/  2 

for-FTr'.  1  inch  represents  ,    ^^^,  . — j — ;  hence  1  square  inch  of 
EI  ^  lUOOOO  inches'  ^ 

f)  V  100  inches 

the  area  of  the  polvo^on  represents  an  inclination  of  ^4— 7— 7-^ — j — 

^    "  °  ^  100000  mches 

=  .     The  total  section-lined  area  amounts  to  1.38  square  inches 

(measured  with  a  planimetre),  and  therefore  the  angle  r  (Fig.  22) 

has  the  valu^^  =  \^^ ;  or,  in  degrees:  r  =  ^^^^^^  =  0.157 

degree. 

8.  It  will  be  observed  that  this  procedure  gives  only  the  angle 
which  the  tangents  to  the  elastic  curve  at  the  extreme  sections  of 
the  beam  make  with  each  other;  but  not  the  angles  which  these 
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lano^ents  make  with  tlio  horizontal  (centre  line  of  bearinrrg  jn  case 
the  l)eani  is  a  shaft)  unless  the  distribution  of  loads  and  material 

is  svmuietrical  to  the  centre  line.     For  this  reason  tlie  kno\vled<'-e 

*■  ^  f^ 

of  the  angle  r  is  sullicient  only  for  rough  a])j)roximations. 
When  it  is  desired  to  know  either  the  slope  at  the  ends  or  the  de- 
flection of  the  beam,  we  have  to  proceed  a  little  further  and  draw 
the  elastic  curve,  that  is  the  shape  of  the  neutral  surface  of  the 


Fig.  33. 


loaded  beam.     To  this  end  we  return  to  the  equation  (1)  dr  = 

M 

-wjdx^  which  forms  the  base  for  all  the  following  deductions.    The 

result  of  the  little  calculation  made  above  demonstrates  that  in  all 
practical  cases  t  is  an  extremelv  small  anHe ;  but  for  such  angles 
r  is  equal  to  tan  r  without  noticeable  error;  for  example, 

1  degree  =  0.017453 
tan  1  degree  =  0.017455. 
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Therefore  equation  (1)  may  be  written 

(I  (tan  r)  =  -j^.dx. 

9.  The    differential     calculus    teaches    that     for     any    curve 
tan  r  =  -=•-:  substituting]:  this  value,  we  obtain 


AM  _  M 


or 


^/=f^,.fo+^ (3) 

dx      ]Rl  ^  ^ 

In  order  to  utilize  this  equation,  we  use  the  same  process  as 
above  and  combine  the  two  variables  Jf  and  /into  one  variable 
depending  upon  x^  that  is  ^ye  distort  the  polygon  of  moments  in 

the  ratio  -^,  and  thus  obtain  the  J/'-polygon,  see  Fig.  22.     Then 

equation  (3)  may  be  written  : 

J=-i^jiI/'^.  +  C (4) 

10.  But    for   any    point   Z,   the   expression      M'dx  represents 

the  section-lined  area  ^a.  of  the  Jf' -polygon  between  the  origin  and 
the  ordinate  belonging  to  a?,  which  area  may  either  be  calculated, 
or,  what  is  more  convenient,  be  measured  with  a  planimetre.  With 
this  notation  we  obtain 

^  ^  4?  +  ^ (s) 

dx      EIo 

Now  let  us  divide  the  length  of  the  beam  into  a  number  of  equal 

parts  (say  20),  then  compute  the  value  of  -^j  for  each  part,  cjjre 

being  taken  to  measure  each  A^^,  from  the  origin  or  point  1,  and 
finally  set  off  these  values  to  a  convenient  scale  as  ordinates  of  x- 

Thus  we  plot  a  new  curve  efg^  the  -j-  curve,  or  curve  of  inclina- 

ClX 

tions.  Returning  to  equation  (4),  it  will  be  seen  that  C^  the  con- 
stant of  integration,  has  to  be  eliminated.    This  is  done  by  measur- 

dii 
ing  the  areas  efghe  of  the  -^  curve,  then  dividing  the  obtained 

value  by  the  length  el\  which  gives  the  ordinate  C—eh^  and 
drawing  hi  parallel  to  eh.     The  proof  of  the  correctness  of  this 
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nietliod  will  be  given  below.  Tiien  /i  r  —  r,,  and  /y  =  r,,;  t,^  and 
Tf,  being  the  angles  which  the  elastic  curve  makes  with  the  line 
Im  at  the  suppoi'ts.    To  find  the  ordinates  ?/ of  the  elastic  curve 

from  the    ,-  curve,  it  must  be  remembered  that 
ax 

11.  This  equation  is  identical  in  form  with  equation  (4),  hence 

the  ordinates  y  can  be  determined  from  the    ;    curve  in  the  same 

ax 

manner,  as  the  values  of  -j^  were  found  from  the  M'  curve ;  that 

a.v  ' 

is  by  measuring  the  areas  A^.',  Fig.  22.     The  values  of  these  areas, 

divided  by  the  respective  scales  for  height  and  length,  are  the 

ordinates  of  the  elastic  curve.     Evidently  the  ordinate  of  the  elastic 

curve  at  the  right  support  is  zero  only  when  the  area  h  efis  equal 

to  the  areas  gif,  which  proves  that  eh  was  the  proper  value  for 

the  constant  of  integration  C.     As  to  Ci,  the  second  constant  of 

integration,  it  is  obvioush^  equal  to  zero,  because  the  elastic  curve 

must  pass  through  I  and   ?/?.,  the  centres  of  gravity  of  the  end 

sections. 

12.  Although  these  deductions  seem  to  be  rather  uninteresting 
and  purely  theoretical,  their  application  is  very  simple  and  the 
practical  results  are  valuable,  as  will  be  seen  from  the  following 
numerical  example : 

To  facilitate  understanding,  the  example  commenced  above  in 
Fig.  23  will  be  continued.  The  illustration  shows  under  the  sketch 
of  the  shaft  the  distorted  polygon  of  bending  moments,  below 
this  the  curve  of  tangents  and  at  the  bottom  the  elastic  curve.     It 

M 

will  be  noticed  that  the  4tv  pol\'gon  has  been  divided  into  twenty 

strips  of  equal  width.  The  areas  of  the  polygon  lying  between 
the   left   origin   and    the   ordinate   at   the   right   of    each    strip 

70 

are  entered  into  Table  I.  in  the  column  headed  :  Area  of   v^. 

curve.  Since  1  square  inch  represents  an  inclination  of  ^^q,  the 
tangents  corresponding  to  these  areas  are  found  by  dividing  the 
values  in  column  1  by  500.  The  resulting  values,  multiplied  by 
1000,  are  entered  in  the  second  column  under  the  heading :  1000  x 

-~.  TTith  these  fio^ures  the  curve  of  tano^ents  is  drawn  on  a  scale 
dx  °  =* 
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of  1  inch  representing  an  inclination  of  io'o<»-  Multiplying  tliis 
with  the  scale  for  distances  (in  which  1  inch  =  100  inches)  we  ob- 
tain the  scale  for  the  areas  of  the  inclination  curve,  namely  1 

,     2  X  100 
square  inch  represents  — rrvTZTT^ 


inch  =  \  inch.  The  total  area  under 


the  inclination  curve  measures  l.Gl  square  inches;  the  length  of 


TABLE  1. 


Area  of 

Area  of 

1000  X  '^. 
dx 

dy 

-f~  curve. 

dx 

10  X  ij. 

1 

0.015 

0.03 

0.09 

0.18 

2 

0.055 

.11 

0.17 

.34 

3 

0.125 

.25 

0.24 

.48 

4 

0.215 

.43 

0.29 

.59 

5 

0.28 

.56 

0.35 

.70 

6 

0.375 

.71 

.38 

.77 

7 

0.435 

.87 

.43 

.86 

8 

0.525 

1.05 

.45 

.90 

9 

0.615 

1.23 

.46 

.92 

10 

0.705 

1.41 

.47 

.94 

11 

0.795 

1.59 

.46 

.92 

12 

0.88 

1.76 

.44 

.89 

13 

0.97 

1.94 

.41 

.83 

14 

1.04 

2.08 

.38 

.76 

15 

1.11 

2.21 

.33 

.67 

16 

1.18 

2.36 

.28 

.56 

17 

1.26 

2.52 

.21 

.43 

18 

1.32 

2.64 

.15 

.30 

19 

1.36 

2.73 

.06 

.13 

20 

1.37 

2.75 

.005 

.00 

the  abscissa  is  2.32  ;  hence  the  height  of  the  mean  ordinate  is  .69-i 
inch.  The  amounts  of  the  areas  in  square  inches  between  the  in- 
clination curve  and  the  line  hi  are  entered  in  column  3  of  Table  I. 


under  the  headino: 


Area  of  -^  curve. 
ax 


It  will  be  observed  that 


the  figures  increase  from  zero  to  a  maximum,  and  then  decrease 
ao-ain.  The  fact  that  the  last  fio-ure  is  0.005  instead  of  zero  is  due 
to  inaccurate  readings  of  the  planimetre.  But,  as  the  error  amounts 
only  to  0.5  per  cent,  of  the  greatest  value,  no  attempt  will  be  made 
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for  correction.  As  above  found  1  square  inch  represents  j^  incli, 
lience  we  obtain  the  onlinates  of  the  ehistic  curve  hv  ilividinjr  tlie 
liiiures  in  tlie  third  cohnnn  by  5.  The  tenfold  vahies  of  tlie 
ordinates  are  given  in  tlie  fourth  column  of  the  Table,  and  in 
addition  they  are  laid  o(F  half  size  on  the  strips  to  which  they 
belong,  thus  giving  a  (rather  distoi'ted)  ])icture  of  the  elastic  curve. 
13.  This  curve  is  almost  s\iu  metrical  to  the  centre  line,  although 
the  load  is  eccentric.     The  slope  at  the  ends  is  found  from  the 

mclination  curve  as  r^  =  -;^— -or ,   ,      =  0.0 < 97  deo^ree  at 

"         1000  TT  X    1000  ° 


2.T5-  1.39  _  hS^     ,  1.30  x  180 
1000        ~  1000  ^^  Ir  X  1000^ 


the  left  end,  and  as  r^  = ^.^^r. =  tttttt.  o»' 7^7:w  =  0.0 1 8 


degree  at  the  right  end.  These  angles  are  almost  ahke.  The 
greatest  deflection  is  O.O-i  inch  or  about  -^j^  inch. 

14.  For  simplicit}^  the  elastic  curve  has  thus  far  been  deter- 
mined under  the  assumption  that  applied  loads  and  reactions  are 
concentrated  forces,  and  that  the  shaft  is  perfectly  free  to  deflect. 
In  truth  loads  and  reactions  are  (approximately)  uniforml}^  dis- 
tributed over  a  certain  length,  and  the  shaft  is  to  some  extent 
stiffened  from  being  tightly  fitted  in  the  hubs  of  the  rope-pulleys, 
fly-wheels,  etc.  As  j)roof  that  these  apparent  complications  do 
not  offer  any  difficultv  whatever,  if  the  described  method  is 
employed.  Fig.  2^1:  has  been  drawn,  which  takes  the  aforesaid  facts 
into  consideration.  After  the  foregoing  explanations  a  brief  com- 
ment will  be  sufRcient. 

To  find  a  moment  diagram  for  uniformly  distributed  loads,  draw 
the  polygon  for  concentrated  loads,  and  round  the  sharp  corners 
by  parabolas  which  are  tangent  to  the  straight  lines  of  the 
polygon  at  the  intersections  with  the  verticals  which  enclose  the 
uniformly  distributed  loads,  see  J-B,  CD,  Et\  and  G  II  m 
Fig.  21.  Let  the  length  of  the  hubs  of  the  rope-pulleys  be  4:0  inches 
and  their  outside  diameter  likewise  40  inches;  the  main  bearings 
are  32  inches  long.  The  moment  of  inertia  for  a  circle  of  40  inches 
diameter  is  125.700,  which  is  7.7  times  our  standard  moment  of 
inertia,  and  therefoi'e  the  ordinates  of  the  bending  moments  are 
reduced  in  that  ratio  under  the  hubs.  Strictly  speaking  this  is 
not  quite  correct,  because  the  modulusof  elasticity  of  cast  iron  dif- 
fers from  that  of  steel.     But  as  we  neglect  the  reinforcing  effect 

of  the  arms  and  as  the  influence  of  the  reduced  4^  area  on  the 

EI 

total  deflection  is  relativelv  small,  there  would  be  no  practical 
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gain  in  taking  the  above  mentioned  difference  of  the  moduli  of 
elasticity  into  consideration. 

With  the  figures  given  in  Table  II.  the  inclination  curve  and  the 
elastic  curve  have  been  constructed  in  the  same  manner  as  before. 
As  might  be  expected,  the  latter  looks  decidedly  different  from  the 
curve  drawn  in  Fig.  23.     Probably  Fig.  24.  corresponds  more  nearly 


TABLE  II.     (See  ] 

Fig.  24.) 

Area  of 

Area  of 

,'  curve. 
dx 

1000  X  ^. 
dx 

dy 

--    curve. 

dx 

10  X  y. 

1 

0.002 

0.005 

.06 

0.12 

2 

0.015 

.03 

.11 

.23 

3 

.06 

.12 

.16 

.33 

4 

.14 

.28 

.22 

.44 

5 

.24 

.48 

.24 

.48 

6 

.31 

.63 

.25 

.51 

7 

.33 

.67 

.27 

.54 

8 

.34 

.69 

.28 

.56 

9 

.36 

.72 

.29 

.59 

10 

.45 

.90 

.30 

.60 

11 

.53 

1.07 

.29 

.59 

12 

.54 

1.09 

.28 

.56 

13 

.55 

1.11 

.26 

.53 

14 

.57 

1.15 

.25 

.50 

15 

.64 

1.28 

.22 

.45 

16 

.74 

1.48 

.10 

.39 

17 

.81 

1.63 

.15 

.31 

18 

.86 

1.72 

.10 

.21 

19 

.87 

1.75 

.05 

.10 

20 

.88 

1.76 

.005 

.000 

to  the  true  conditions  than  Fig.  23;  but  in  actual  practice  it  has 
been  customary  to  neglect  the  stiffening  influence  of  the  hubs, 

15.  From  a  purely  theoretical  standpoint  the  method  of  finding 
by  direct  mensuration,  first  the  inclination  curve  and  then  the 
elastic  curve  is  perfect  and  beyond  reproach,  but  from  a  practical 
standpoint  two  objections  must  be  made ;  first,  that  it  takes  too 
much  time,  and  second,  that  the  accuracy  of  the  planiraetre  is 
limited.  Therefore,  in  most  cases  it  is  preferable  to  use  the  fol- 
lowing, entirely  graphical  and  much  simpler  method  which  is 
known  as  "  Mohr's  rnethod  "  or  "  Mohr's  theorem,"  and  which  is 
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based  on  the  properties  of  the  equilibrium  polygon  which  has  also 
been  terinetl  *' funicular  polygon  "  In'  some  English  writers. 

10.  This  neat  and  elegant  method  will  be  readily  understood  bv 
investigating  the  influence  which  the  deformation  of  a  small 
element  dx  has  on  the  shape  of  the  beam,  see  Fig.  2o.  Consider 
only  the  small  element  dx  as  flexible,  and  the  rest  of  the  beam, 
viz.,  the  two  parts  x  and  x'  as  perfectly  rigid.     Suppose  that  we 


Fig.  24. 

have  deflected  the  beam  so  that  the  two  rigid  parts  x  and  x  make 

the  ver}^  small  angle  d  r  with  each  other.     Then  the  beam  will 

assume  the  shape  of  the  hne  ach^  Fig.  25.     The  resulting,  very 

small  deflection  dd  \^  found  by  a  simple  mathematical  operation 

dd  =  xda  =  x'd/3 

x' 
da  —  —  dp  =  dr  —  dft 

X 

^'  +  -)  dfi  =  dr 

X       xj 


dp  =  dr 
dS  = 


X 


X   -^    X 
XX 


X   +  X 


,dr 
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M 

\)\xi  tVom  equation  (1)  wo  kinnv  tlial  dr  =   ,,,*'/.(',  hence  we  have 


dS  = 


XX 


X  +  x  \RI. 


dx 


(7) 


17.  Now  let  us  compare  this  I'csult  witli  the  bending  moment 
which  is  caused  in  the  same  beam  by  the  element  gdx  of  a  load 
curve.  Those  readers  who  are  interested  in  the  present  discussion 
will  undoubtedly  know  that  the  very  small  bending  moment 
caused  by  the  small  concentrated  load  gdx,  where  g  is  the 
load  in  pounds  per  linear  unit  at  the  element  under  consideration, 
is 

''''' -gdx (8) 


dM 


X  +  X 


Fig.  25. 


They  will  furthermore  know  that  the  diagram  of  the  bending 
moment  which  is  due  to  the  concentrated  load  gdx\s  represented 
by  the  triangle  ach,  Fig.  26.  It  will  thus  be  seen  that  the  loading 
of  a  beam  with  gdx  pounds,  Eq.  (8),  and  the  bending  with  dr  = 


M 
EI 


T^rdx,  Eq.  (7),  are  mathematically  identical,  and  that  the  effect  of 

M 

the  value  ^^^dx  on  the  shape  of  the  elastic  curve  is  identical  with 

the  effect  of  the  load  gdx  on  the  shape  of  the  moment-diagram. 
For    this   reason  the  expression  ^^<:Za?  •  has   been    termed   "the 

elastic  weight." 

18.  Since  the  elastic  curve  bears  exactly  the  same  relation  to 

31 
the  -rry^  curvc  which  the  M  curve  bears  to  the  load  curve,  it  can 
Jil 

obviously  be  obtained  in  precisely  the  same  manner  that  the  M 

curve  is  .^ound  from  the  load  curve,  that  is  by  drawing  an  equi- 

M 

librium  polygon  with  t=r   as  a  load  curve. 
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12:) 


The  pi'jictical  application  ol"  this  theorem  is  extremely  simple; 
and  will  be  fully  explained  by  applying-  it  to  the  same  numerical 
example  which  lias  been  considered  above  in  Fig.  28. 

10.  F\<r.  27  gives  all  the  necessary  details  for  the  construction  of 
the  elastic  curv(\     The  scale  of  the  shaft  is  the  same  as  before  : 

1    inch    repi'esents  100  inches,  but  for  the  -^rv  curve   a    smaller 

scale  than    before   has    been    chosen,    namely    1    inch    represents 

77-r— —  ,-^ — r     ^s  before,  the  length  of  the  beam  has  been  divided 
100,000  inch.  ° 

into  twenty  equal  parts.     Thi'ough  the  centre  of  each  strip  verti- 
cals 1,  2,  3  .  .  .  .  19,  20,   have  been    draw^n.     According  to  the 


Fig.  26. 


theory  of  equilibrium-polygons,  the  intercepts  between  the  bottom 

and  top  lines  of  the  ^^  polygon  (measured  on  the  verticals  1,  2, 

19,  20)  are  to  be  treated  as  imaginary  loads  and  to  be  laid 

off  on  a  load  line  0-20  (at  the  left  of  the  figure),  so  that 

0-  1  =  intercept  on  vertical  through  strip  1 

1  -  2  =:        "  "         "  "  "      2,  etc. 

The  length  of  this  load-line  is  the  reason  why  a  smaller  scale  was 

selected  for  the  ^,,^  polv£:on. 

20.  To  construct  the  equilibrium  polygon,  take  any  point  0'  as 

a  pole,  draw  rays   O-O',  1-0',   2-C)', ld-0',  20 -0'. 

From  any  point  a  on  the  vei'tical  through  the  left  support  draw 
a-c  parallel  to  0  -  0',  which  cuts  vertical  No.  1  in  c;  draw  c-d 
parallel  to  1  -  0\  which  cuts  vertical  Xo.  2  in  ^/  draw  d-e  parallel 
to  2-  0\  which  cuts  vertical  No.  3  in  e,  and  so  on  until  the  vertical 
containing  the  right  support  is  intersected  in  the  point  h.  Join  a 
to  h,  then  the  vertical  intercepts  between  the  closing  line  a-h  and 
the  equilibrium  polygon  are  to  some  scale  the  ordinates  of  the 
9 
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elastic  curve.  The  scale  depends  upon  the  horizontal  distance  // 
between  the  pole  0'  and  the  load  line  0-20  (called  the  ''pole-dis- 
tance"). For  practical  reasons  it  is  desirable  to  obtain  a  polygon 
whose  ordinates  are  a  simple  multiple  of  the  actual  deforma- 
tions. 

The  ordinates  of  the  equilibrium  polygon  in  Fig.  27  are  five  times 


Fig.  27. 


full  size.  The  determination  of  the  pole-distance  which  furnishes 
this  particular  scale  is  the  only  point  about  Mohr's  method  which 
requires  a  little  brain  work.     To  find  H,  we  may  reason  as  fol- 

;  the 


lows :   1   inch  of   the  -^^^  polygon   represents  -— 

232 
width  of  each  of  the  twenty  strips  is 

fore  a  strip  1  inch  high  represents 


20 
6  X  11.6 


000  inch 
inch  =11.6  inch  ;  there- 
6.96 


100,000-10,000'^''^'^^'^^'^ 
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words:    , -^\  -  is   the  scale  for  the  elastic  weijrhts.      Accordin*'- 
10  OUO  °  ^ 

to  the  theory  of  ecjuilibi'iuiii   |)<>ly«;()ns,  the  vahie  of  the  Jiioiiierit 

(whether  caused  bv  iiiiai^iiiaiT  elastic  weights  or  by  actual  gravity 

weights)  at  any  point  0  of  the  beams  is 

31  =  II  inch  X  scale  for  distances  x  y  inch  x  scale  for  weights 

in  which  //=  the  pole  distance  and 

y  =  the  ordinate  of  the  equilibrium  polygon. 

21.  But,  as  before  ])roven,  the  moments  caused  by  the  elastic 
weights  equal  the  ordinates  of  the  elastic  curve  or  deH(ictions  6. 
Therefore  we  liave  //  inch  x  scale  for  distances  x  y  inch  x  scale 
for  elastic  weights  =  S  inch. 

Now,  our  aim  is  to  make  y  —  ^  6^  hence  we  obtain 

TT  —  ^  '"^'^ 

5  X  scale  for  dist.  x  scale  for  elastic  weights  ' 

or,  in  our  case//  = ; — ; -77-;  =  2.88  inches,  which  value  has 

o  x  lUO  X  o.9() 

been  used  in  Fig.  27. 

As  to  the  vei'tical  position  of  the  pole  0\  it  should  be  placed 

opposite  the  force  representing  the  strip  in  the  centre  of  the  beam, 

so  that  the  closing  line  a-h  may  be  approximately  horizontal. 

Note. — Those  readers,  who  are  familiar  with  the  theory  of  (graphical  statics, 
will  know  that,  if  the  I'ole  0  be  moved  vertically  up  and  down,  the  shape  of 
the  equilil)riiim  polygon  and  the  inclination  (if  its  closing  line  a  —  h  are  changed, 
but  that  the  magnitude  of  its  ordinates  is  not  nffected. 

If  it  should  be  required  to  have  the  closing  line  exactly  hori- 
zontal, the  ordinates  2/  found  in  Fig. '27  may  be  laid  off  from  a 
horizontal  axis,  which  is  much  easier  and  more  convenient  than 
the  scientific  method  of  determining  the  correct  vertical  position 
of  the  pole  0'. 

22.  To  find  the  directions  of  the  tans^ents  to  the  elastic  curve  at 
the  end  sections  of  the  beam,  we  proceed  as  follows :  Prolong  the 
first  and  the  last  segments  a-c  and  g-h  oi  the  equilibrium  poly- 
gon (remember  that  a-c  is  parallel  to  ray  0  ~  0'  and  g-b  is 
parallel  to  ray  20-  0'),  draw  verticals  l-j/i  and  7i-j)  100  inches 
distant  from  the  verticals  through  a  and  h  respectively  ;  measure 
l7?i  and  712^  in  the  scale  of  the  ordinates  of  the  elastic  curve,  then 

To  =  ——and  Tf,  —  —^      In  our  example  we  find  J m  =  0.142  inch 

and  712^  =  0.139  inch,  which  gives  the  angles 
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0.142       1.42 


Tn    — 


ri,  = 


100 

0.139 

100 


1000 
1.39 
1000* 


and 


23.  Comparing  these  figures  with  those  which  were  found  by 
che  double  integration  method,  we  see  that  the  former  exceed  the 
latter  by  about  3  per  cent.  As  neither  method  is  entirely  free 
from  small  inaccuracies,  it  is  impossible  to  say  wliich  of  the  two  is 
nearer  to  the  truth  ;  but  for  all  practical  purposes  a  difference  of 
only  3  per  cent,  is  immaterial,  because  our  assumptions  and  con- 
stants include  more  serious  errors  than  that.     The  greatest  deflec- 


FiG.  28. 


tion  is  0.95  inch  as  found  by  Mohr's  method  against  0.94  inch 
as  found  by  the  double  integration  method. 

There  can  be  no  doubt  tliat  the  graphical  (Mohrs)  method  is 
much  simpler  than  the  semi-graphical  method  (double  integration 
with  a  planimetre).  But  nevertheless  it  does  not  yet  represent  the 
highest  degree  of  simplicity.  Mr.  Yianello,  an  Italian  engineer, 
has  done  away  with  the  labor  of  distorting  the  polygon  of  bending 
moments  in  the  inverse  ratio  of  the  moments  of  inertia.  Instead 
he  varies  the  distance  between  the  pole  and  the  load  line  in  the 
direct  ratio  of  the  moment  of  inertia.  A  simple  reasoning  will 
prove  the  correctness  of  his  method. 

24.  In  Fig.  28  let  a-b  he  a  part  of  the  ^/-polygon  for  some 
beam.  For  simplicity  M\s  assumed  constant.  Let  f^he  the  mo- 
ment of  inertia  of  the  beam  from  a  to  c  and  fromy  to  h;  let  ^  /^  be 
the  moment  of  inertia  for  the  portion  between  c  and^.     According 
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to  the  rules  given  iibovc^  for  ^folir's  ineLliod,  the  ordinjitcs  ))(»t\veen 
('  aiuiy  have  to  be  nuiltii)He(l  by  tliree,  wliicli  givers  th(i  i)/'-poIv<^^on 

(or,  to  another  scale,  the         -  polygon)    a-c~  d-  c -f-  h.     Tlie 

ordinates  1,  2,  3,  etc.  are  laid  oil'  on  a  h)ad  hne  0-  S,  as  indicated 
by  the  figures  at  tlie  left  of  said  line.  The  polar  (bagrani  witii 
pole  O'  and  the  corresponch'ng  equilibrium  polygon  are  (b'awn. 
The  figures  at  the  right  of  the  load  line  denote  the  ordinates  of  the 

straight  line  a  -h,  that  is  of  the  original  J/-polygon  (or  ,., -polv- 

gon).  Ordinate  5'  is  only  one-thii'd  of  ordinate  5,  and  it  is  evident 
that  the  segments  of  the  equilibrium  polygon  will  not  be  affected 
by  the  shortening  of  the  ordinate,  if  we  find  a  new  pole  ()",  so  that 
b'-O"  will  be  parallel  to  b-0'.  Obviously  6^"  must  lie  on  i-ay 
4:-  0'.  If  4-  0"  be  made  equal  to  one-third  of  4-  0\  it  follows 
from  the  similarity  of  the  triangles  0"  45'  and  0'  45,  that  5'  -  0"  is 
parallel  to  5  -  0' .  Similarly  6'-  0"  is  parallel  to  6  -  0' .  Here  the 
moment  of  inertia  assumes  the  original  value  /^,  hence  the  rest  of 
the  equilibrium  polygon  has  to  be  drawn  with  the  original  pole 
distance  11.  Prolong  6'-  0"  to  the  intersection  ()'"  Avith  the  ver- 
tical through  pole  0'\  then  T-O"  will  be  parallel  to  7-  0'  and 
S'-O'"  parallel  to  8- 6>'. 

25.  But  as  the  shape  of  the  equilibrium  polygon  depends  merely 
upon  the  direction  of  the  rays  in  the  polar  diagram,  the  two 
methods  give  the  same  result,  and  the  truth  of  Vianello's  theorem 
is  proven. 

From  the  foregoing  we  derive  the  following  rule  for  the  con- 
struction of  the  elastic  curve  :  Draw  the  polygon  of  bending 
moments  and  divide  it  into  a  sufficient  number  of  strips.  Consider 
each  strip  as  an  imaginary  load,  draw  an  equilibrium  polygon  for 
these  loads  and  vary  the  pole  distance  in  the  direct  ratio  of  the 
moments  of  inertia. 

26.  Fig.  29  is  an  application  of  this  principle  to  the  same  shaft 
which  has  served  to  illustrate  the  other  methods.  Tlie  distribution 
of  loads  and  the  assumption  with  regard  to  the  moments  of  inertia 
Coincide  with  those  of  Fig.  24  and  need  not  be  repeated.  The 
curve  under  the  sketch  of  the  shaft  is  the  polygon  of  bending 
moments,  divided  by  EIq,  where  Iq  =  moment  of  inertia  at  centre 

of  shaft.     The  -^^  curve  presents  the  smooth  appearance  which 

is  usual  with  curves  of  bending  moments,  in  contradistinction  to 
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the  mcrcred  outline  of  the  jr^  curves  in  Figs.  23,  24,  and  27.     The 


"OO' 


variations  in  the  cross  section  of  the  shaft  are  taken  care  of  by  cor- 
responding variations  of  the  pole  distance.     As  Fig.  29  contains 


Fig.  29 


many  lines  and  is  not  so  lucid  as  the  previous  illustrations,  a 
detailed  description  of  the  construction  will  be  given. 

27.  Scale  for  distances  100  {i.e.,  1  inch  represents  100  inches) 
length  of  beam   between  outside  of  bearings  264  inches;  width 

of   each  strip  ^^  =  13.2  inches;  1  inch  of  -^^  curve  represents 


6 


100,000  mch 
7.92 


.     Hence  a  strip  1  inch  high  represents 


6  X  13.2  inches 
100,000  inches 

,  which  is  the  scale  for  the  "  elastic  w^eights." 


~  10,000 

^^^^.^    ordinates  of   equilibrium   polygon  ^  ^^    therefore   pole 
ordinates  of  elastic  curve 
distance  for  Iq  —  16,300. 
10,000 


^^      5  X  100  X  7.92 


=  2.54  inches.     Further, 


II,  (for  /, :..  125,700)  =  '^'^'^  ^^^^^^^^  =  about  19.5  inches 
and  //,  (for  /,  =      7850)  =  ^^^f^      -  1-22  inches. 
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28.  In  order  to  obtain  the  closing  line  approximately  horizontal 
it  is  advantageous  to  begin  the  e(iuilibriui:i  polygon  near  the 
centre  and  to  work  both  ways,  that  is  to  the  right  and  to  the  left. 
The  moment  of  inertia  at  the  centre  is  /«  =  10,300 ;  this  seems  to 
call  for  a  pole-distance  of  Uq  =  2.54  inches.  But,  as  /^  extends 
only  over  |  of  the  width  of  the  strips  10  and  11,  the  pole  distance 
must  be  increased  to  //q  +  i  (/Zj  -IIo)  which  gives  about  5  inches. 
With  this  distance  locate  0'  opposite  the  lower  end  of  load  lOi 
(unfortunately  O  falls  outside  of  the  limits  of  the  illustration), 
draw  rays  9-  0\  10-  0\  11-  0\  and  the  segments  9,  10,  and  11, 
respectively  pai-allel  to  these  rays.  Prolong  rays  9-0'  and 
11  -  0'  to  the  intersections  Oi  and  Oi  with  a  vertical  19.5  inches 
distant  from  the  load  line,  draw  rays  6^1-8,  6*1-7,  O, -G,  and 
segments  8,  Y,  6  respectively  parallel  to  them.  Similarly  draw 
rays  6^/- 12,  6^/ -13,  6>i'-14,  and  segments  12, 13,  U  respectively 
parallel  to  them.  The  intersections  of  ra^^s  Oi-6  and  Oi -14: 
with  a  vertical  2.52  inches  distant  from  the  load  line  locate  two 
poles  Oo  and  Oo  ;  draw  rays  Oo-  o  and  0o'-15,  and  segments  5 
and  15  parallel  to  these  ra^^s.  A  vertical  1.22  inches  distant  from 
the  load  line  is  cut  by  the  rays  in  0,  and  in  Oo',  from  which  points 
draw  rays  to  the  rest  of  the  points  on  the  load  line.  Segments  4, 
3,  2, 1,  0,  and  16, 17, 18, 19,  20,  parallel  to  their  corresponding  rays 
and  the  closing  line  complete  the  equilibrium  polygon.  The  latter 
comes  very  close  to  the  curve  which  was  obtained  in  Fig.  24  and 
calls  for  no  further  remarks. 

29.  The  method  which  has  just  been  treated  and  which  might 
be  termed  "  the  multipolar  method,"  is  the  simplest  and  the  most 
rapid  for  draughtsmen,  whose  occupation  requires  frequent  con- 
structions of  deflection  curves ;  but  it  must  not  be  overlooked  that 
men  who  have  to  deal  with  the  deformations  of  beams  and  shafts 
only  occasionally  are  apt  to  lose  their  way  among  the  great 
number  of  poles  and  to  make  serious  mistakes.  In  this  case  either 
of  the  two  other  given  methods  is  preferable. 

30.  There  exist  several  graphical  methods  of  integration  besides 
those  which  have  been  discussed  in  the  present  article,  but  as  they 
are  comparatively  unimportant  for  practical  use,  they  will  not  be 
explained  here.  While  the  graphical  computation  is  particularly 
well  fit  for  the  investigation  of  shafts,  it  is  by  no  means  restricted 
to  such,  but  is  almost  equally  well  suited  for  any  other  kind  of 
beam  which  is  either  supported  at  the  two  extremities  or  fixed 
(built  in)  at  one  end  and  free  at  the  other.     For  beams  of  variable 
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cross  section  wlilcli  arc  rigidly  fixed  at  either  end,  the  purely 
analytical  calculation  fails  altogether  and  the  graphical  methods 
offer  the  only  possible  means  for  the  solution  of  problems  (even 
with  regard  to  strength  alone).  But,  while  for  beams  with  free 
ends  the  deflection  curve  for  the  moments  of  the  external  forces 
coincides  with  the  actual  deformations,  such  is  not  the  case  for 
beams  whose  ends  are  fixed.  Here  additional  deflection  curves 
for  the  moments  which  are  brought  into  play  by  the  fixing  of  the 
ends  have  to  be  drawn  and  to  be  combined  with  the  deflection 
curve  for  the  applied  loads.  The  application  of  these  theorems 
is  extremely  interesting,  but  it  cannot  very  well  be  treated  here, 
because  it  leads  too  deeply  into  the  theory  of  mechanics  and 
would  take  too  much  space. 
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Ffx/Jh'  sm/nv  Tifin:M)s.\ 

BY   rllAUI.ES   T.    rouTKU,    MONTCI.AIK,    N.    J. 

(Honorary  Member  of  the  Society.) 

1.  I  HAVE  for  several  years  felt  a  growing  conviction  that  the 
pitches  of  our  machine  screw  threads  are  far  too  coarse,  and  ought 
to  be  changed.  They  reduce  the  area  of  the  bolt  unnecessarily. 
The  Sellers  thread  made  a  considerable  gain  in  this  respect,  but 
in  the  larger  bolts  the  reduction  of  area  is  still  two  or  three  times 
as  much  as  it  needs  to  be.  Again,  the  inclination  of  the  thread 
permits  the  nut  to  be  jarred  loose  easily.  For  these  two  reasons, 
threads  of  much  finer  pitch  seem  to  be  called  for.  Finer  threads 
^^ill  also  be  stronger  to  resist  stripping,  the  circle  on  wdiich  the 
shear  must  take  place  being  larger.  This,  however,  is  of  no  prac- 
tical consequence,  as  the  strength  of  threads  to  resist  stripping  in 
nuts  of  standard  height  is  now  more  than  twice  the  strength  of 
the  bolt. 

2.  The  gain  in  strength  of  the  bolt  by  the  use  of  finer  threads 
is  shown  in  detail  in  the  following  table,  and  the  reduction  of  the 
inclination  is  illustrated  in  the  diagrams.  The  system  there  rep- 
resented is  one  that  I  have  contemplated  for  my  ow^n  use.  Other 
engineers  may  think  it  ^^dll  be  useful  for  them  also. 

It  will  be  observed  that  fractions  and  odd  numbers  are  avoided, 
and  that  the  coarsest  thread  is  six  to  the  inch.  Sharp  angles  at  the 
bottom  of  threads — even  the  obtuse  angles  of  120  degrees  in  the 
Sellers  thread — in\H[te  fracture,  especially  in  steel.  A  very  small 
arc,  preser^-ing  continuity  of  surface,  will  remedy  this  defect.  In 
this  system  the  angles  will  be  rounded  and  filleted  to  the  radius  of 
.0045  inch. 


*  Presented  at  the  New  York  meeting  (Decenaber,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transneuons. 

f  For  further  references  on  the  same  topic  consult  Transactions  as  follows  : 
No.  9,  vol.  i.,  p.  123  :  "  Standard  Sizes  of  Screw  Threads."     G.  R.  Stetson. 
.No.  944,  vol.  xxiii.,  p.  603:    "Proposed  Standard  for  Machine  Screw  Thread 
Sizes."    C.  C.  Tvler. 
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The  accompanyiiifi:  outline  (Fig.  30)  represents  the  finest  thread, 
twenty-four  to  the  inch,  magnified  fifty  times.  This  arc,  of  .0045 
inch  radius,  it  will  be  seen,  rounds  this  thread  completely.  The 
bottom  of  the  coarsest  thread,  six  to  the  inch,  is  also  represented, 
on  the  same  scale,  in  a  dotted  line.  It  shows  the  efficiency  of  this 
arc  to  avoid  the  breaking  angle  in  all  threads.  This  last  feature 
I  shall  apply  also  to  pipe  threads. 

3.  It  will  be  observed  that  in  the  bolts  most  commonly  used 
the  increase  of  strength  averages  about  20  per  cent.,  and  that  in 
all  the  bolts  above  2^  inches  the  strength  of  each  bolt,  threaded 


Fig.  30. 

on  the  system  here  proposed,  will  equal  or  exceed  the  strength  of 
the  next  larger  bolt,  threaded  on  the  existing  system. 

4.  The  reduction  of  inclination  effected  by  the  proposed  system 
will  be  best  shown  by  the  graphical  method.  For  this  purpose  I 
have  selected  the  1-inch  bolt.  If  a  right-angled  triangle  be  drawn, 
the  base  of  which  is  equal  to  the  circumference  of  the  top  or  of 
the  bottom  of  the  thread,  and  the  height  equals  the  pitch,  the 
hypotenuse  will  represent  the  inclination  of  the  thread  and  its 
length  in  one  revolution. 

But  these  angles  are  too  small  for  distinct  illustration.  I  have, 
therefore,  drawn  the  following  diagrams,  Figs.  31  and  32,  to  two 
scales.  The  horizontal  scale  is  full  size.  The  vertical  scale  is 
ten  times  full  size.  In  these  the  relation  of  the  inclinations  to 
each  other  can  be  accurately  observed.  It  will  be  seen  that  while 
the  reduction  of  the  inclination  at  the  top  of  the  thread  in  this 
bolt  is  50  per  cent.,  its  reduction  at  the  bottom  of  the  thread  is 
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('onsi(lorMl)lv  iiiort'  than  50  \)vr  cent.      Any  one  who  is  so  inclined 
can  (•()iui)utc  these  inclinations  in  each  of  the  thirty-four  bolts. 


Purler 


Fig.  31. 


The  above  illustration  seems  sufficient  for  the  purpose  of  my 
argument. 

5.  In  conclusion,  I  take  pleasure  in  acknowledging  my  obliga- 


Peiier 


Fig.  32. 


tion  to  Mr.  H.  F.  J.  Porter  for  valuable  aid  in  the  preparation  of 
this  paper;  especially  for  the  suggestion  to  round  the  angles  of  the 
threads.  The  increasing  use  of  steel  as  the  material  for  bolts 
renders  this  feature  one  of  special  importance. 


DISCUSSION. 


Jfr.  Charles  T.  Porter. — I  have  one  word  to  StW.  Mr.  John 
D.  Gill  kindly  sent  me  a  paper  read  by  him  before  the  Franklin 
Institute  in  November,  1887,  on  the  subject  of  changing  screw 
threads,  and  I  find  this  sentence  in  that  paper,  which  I  ^vould 
like  to  bring  to  the  notice  of  the  Society:  "  Fine  threads  have 
frequently  been  suggested,  and  your  committee  in  186-1" — that 
is  the  committee  of  the  Franklin  Institute — "  gave  some  consid- 
eration to  the  question,  but  the  many  objections  urged  against 
fine  threads  induced  the  committee  to  reject  it."  I  have  never 
been  able  to  learn  what  those  objections  were,  and  I  hope  that 
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tlio  iliscnssion  may  l)riii«»-  IIkmu  out,  if  there  :uv  any  real  objec- 
tions t()  tlies(»  threads  which  1  liave  |)roj)ose(l  in  this  pajx'i'. 

Ml'.  Frxl  J.  Miller.  —  1  inuh^rstand  that  when  tlic  ))n\sent 
staiKhird  of  threads  was  adopted  by  th(^  Franklin  Institute  the 
question  of  wear  was  considered,  and  I  believe  it  has  l)een  found 
in  usiiiir  threads  that  a  line  thread  screw  which  must  Im*  fre- 
quently removed  and  inserted  and  ti<^htened  uj)  will  wear  much 
faster  than  one  with  a  coarser  thread,  and  I  think  that  was  con- 
sidered in  determining  the  pitch  of  the  threads  selected  at  that 
time.  That  is  ])ei'haps  a  partial  answer,  at  least,  to  Mr.  J\>rter\s 
request  for  information  as  to  the  way  the  coarser  threads  were 
chosen.  They  had  to  consider  all  possible  points,  and  the\^  chose 
a  standard  based,  I  believe,  on  what  the}'^  found  to  be  the  prac- 
tice of  the  machine  shops  of  the  country;  they  then  adopted  a 
compromise  between  all  the  various  considerations.  It  is  well 
known  that  the  present  screw  threads  are  too  coarse  for  steel 
screws,  especially  those  which  are  ])ut  in  ])lacc  and  remain  there, 
but  it  is  questionable  whether  they  are  too  coarse  for  those  screws 
or  nuts  whicli  nmst  be  frequently  removed  and  replaced,  and 
which  may  fail  eventually  by  wear. 

21  r.  Gus  C.  llenmng. — Another  objection  which  was  offered 
at  that  time  was  this — that  the  dies  and  taps  wear  off  just  as  fast 
for  liner  threads  as  they  do  for  coarser  ones.  This  identical 
wear  of  taps  and  dies  Avill  be  relatively  larger  in  the  finer  than 
in  the  coarser  threads,  but  I  do  not  think  that  that  will  affect  the 
accuracy  of  threads  for  the  larger  sizes.  Of  course  in  the  smaller 
threads,  from  quarter-inch  down,  that  difference  in  wear  would 
affect  the  fit  between  nuts  and  bolts,  and  it  would  make  a  very 
appreciable  amount,  and  the  result  would  be  that  taps  and  dies 
would  have  to  be  replaced  much  quicker.  That  was  considered 
at  the  time  as  another  objection  to  introducing  finer  threads  than 
have  been  proposed  by  the  Franklin  Institute. 

Mr.  Porter r — I  will  state  what  occurs  to  me  in  respect  to  this 
subject  of  wear,  that  if  ^ve  take  an  inch  bolt,  for  example,  16 
threads  instead  of  8,  the  wear  on  those  10  threads  should  not  be 
any  greater  than  the  wear  on  IG  threads  to  an  inch  in  a  bolt  f  of 
an  inch  diameter  on  which  they  are  now  used,  and  that  has  never 
been  noticed— that  wear — that  I  know  of;  and  if  that  is  the 
only  objection  I  think  that  falls  to  the  ground. '   On  the  smaller 

*  Author's  closure,  uuder  tbe  Rules. 
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bolts  the  threads  are  not  materially  changed.  That  is  my  an- 
swer to  the  suggestion  in  respect  to  wear.  I  should  say  that  on 
the  point  of  rounding  the  angle  of  the  thread,  the  importance 
of  that  has  grown  upon  us,  and  I  have  put  this  sentence  at  the 
end  of  the  paper:  "  The  increasing  use  of  steel  as  the  material 
for  bolts  renders  this  feature" — rounding  tlie  angles  of  threads 
— '^one  of  special  importance."  I  understand  that  steel  bolts 
break  in  the  most  unexpected  manner  on  account  of  the  square 
angle. 
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RESULTS.\ 

BT   ALBERT   KINOSBUKY,   WORCESTEK,    MASS. 

(Member  of  the  Society.) 

1.  It  has  become  well  recognized  by  experimenters  that  there 
are  two  important  properties  of  lubricating  oils  and  greases  on 
which  their  value  depends — viscosity  and  body.  Viscosity  is  the 
pro])erty  by  virtue  of  which  the  lubricants  form  comparatively 
thick  films  between  rubbing  surfaces,  permitting  perfect  lubrica- 
tion, a  property  which  is  well  understood  and  capable  of  precise 
measurement.  Thurston  early  pointed  out  the  case  of  perfect 
lubrication  as  probably  capable  of  exact  mathematical  treatment,:}: 
and  Reynolds,  in  1880,  published  an  elaborate  analysis  of  such  a 
case,§  with  application  to  the  experiments  of  Beauchamp  Tower.  1 

2.  As  the  result  of  computations  from  Tower's  data,  Reynolds 
found  that  the  minimum  thickness  of  the  oil  film  and  the  difference 
of  the  radii  of  the  brass  and  the  journal  w^ere  .000375  and  .00077 
inch  respectively,  the  load  being  100  pounds  per  square  inch  and 
the  diameter  of  the  journal  4  inches.  In  1899  the  writer  experi- 
mented with  a  journal  3.82  inches  in  diameter  and  10  inches  long, 
bearings  and  journal  having  exactly  the  same  radius.     The  chords 

*  Presented  at  the  New  York  meeting  (D»  cember,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

\  For  further  references  on  the  same  topic  see  Transactions  as  follows  : 
No.  7,  vol.  1.,  p.  73  :  "Measurement  of  the  Friction  of  Lubricating  Oils."     C.  J. 

H.  Woodbury. 
No.  120,  vol.  iv.,  p.   315:    "Economy  in  Lubrication  of  Machinery."     Geo.  N. 

Comly. 
No.  163,  vol.  vi.,  p.  136  :  "Measurements  of  Friction  of  Lubricating  Oils."     C.  J. 

H.  Woodbury. 
No.  173,   vol.  vi.,   p.   437:   "Valuation    of   Lubricants   by   Consumers."     K.  IL 

Thurston. 
No.  404,  vol.  xi.,  p.  1013  :  "  Durability  of  Lubricants."     J.  E.  Denton. 
No.  433.  vol.  xii.,  p.  405  :  "  Special  Experiments  with  Lubricants."    J.  E,  Denton. 
\  "  Friction  and  Lost  Work."     Wiley  &  Sons. 
§  "  Theory  of  Lubrication."     Phil.  Trans.,  1886. 
II  Proceedings  of  the  Inst.  Mechanical  Engineers,  1884. 
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of  the  b(\arin^  surfaces  were  3  inches  each,  the  speed  80  and  190 
revolutions  per  minute,  and  the  journal  was  flooded  with  machin- 
ery oil.  By  measurement  of  the  displacement  of  the  bearings 
the  oil  film  was  found  to  have  a  mean  thickness  of  from  .00021  to 
.00023  inch  under  loads  varying  from  27  to  270  pounds  per 
square  inch. 

3.  A  condition  essential  to  the  formation  of  such  films,  as  shown 
by  Reynolds,  is  that  the  rubbing  surfaces  should  have  a  very  slight 
inclination  to  each  other  in  the  direction  of  their  relative  motion. 
This  condition  is  generally  fulfilled  by  a  slight  difference  in  the 
radii  of  the  journal  and  the  bearing,  due  to  the  original  looseness 
of  fitting  or  to  wear.  AVhen  the  loads  are  very  great  or  the  sur- 
faces irregular,  or  when  the  conditions  are  otherwise  such  as  to 
make  the  necessary  inclination  impossible,  it  is  well  known  that 
the  action  of  the  lubricant  is  imperfect  and  frequently  very  de- 
fective. In  such  cases  the  theory  of  Reynolds,  which  so  clearly 
accords  with  experiment  for  the  conditions  of  perfect  lubrication, 
becomes  quite  inapplicable;  nor  has  any  theory  been  formed  which 
applies  to  these  imperfect  or  extreme  conditions.  Such  cases 
occur  in  pivots,  where  the  surfaces  are  necessarily  parallel,  in 
cylindrical  bearings  which  are  too  closely  fitted,  in  any  portion  of 
any  bearing  surface  where  the  pressure  is  unduly  high,  and  in 
heavily  loaded  bearings  generally.  Under  any  of  these  circum- 
stances the  effect  of  the  lubricant  in  reducing  friction  depends 
mainly  upon  the  '^  body  ''  or  '^  oiliness.''  The  nature  of  this  prop- 
erty, or  combination  of  properties,  is  not  well  understood,  but  it 
appears  probable  that  it  is  an  intensified  viscosity  in  that  part  of 
the  fluid  wdthin  the  region  of  attraction  of  the  surface  molecules 
of  the  metal. 

4.  One  of  the  most  frequent  causes  of  contradictory  results  in 
friction  tests  is  that  the  effects  of  viscosity  may  readily  mask  the 
effects  of  body,  and  another  cause  is  found  in  the  changes  in  the 
rubbing  surfaces  which  always  take  place  with  wear,  and  which 
must,  therefore,  accompany  any  test  for  body. 

In  any  well-fitted  journal  in  which  perfect  lubrication  exists, 
the  friction  is  determined  by  the  speed,  the  pressure,  and  the  vis- 
cosity of  the  oil.  Varying  any  one  of  these  factors  while  keep- 
ing the  others  constant,  there  is  some  value  of  the  variable  for 
which  the  coefficient  of  friction  is  a  minimum  *  and  which  at  the 

*  Thurston  :  "Friction  and  Lost  Work,"  pp.  311,  326.  Woodbury  ;  "Meas- 
urement of  Friction  of  Lubricating  Oils,"  Transactions  A.  S.  M.  E.,  vol.  vi.,  p.  151. 
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same  time  marks  very  nearly  i\u)  limit  of  the  variable  for  the 
condition  of  perfect  hibrication.  'I'his  is  illustrated  by  the  curves 
plotted  in  l^'ii;'.  .'U,  representing  tests  made  on  tin;  nnichine  de- 
scribed later.  In  these  tests  the  load  and  the  speed  were  kept 
constant,  the  viscosity  of  the  oil  being  varied  in  each  case  by 
varying  the  tempc^rature.  For  each  of  the  three  oils,  the  mini- 
mum coefficient  of  friction  is  reached  at  a  temperature  of  about 
180  degrees  Fahr.,  with  the  given  speed  and  pressure.     As  the 


Fig.  34. 

temperature  varies  either  way  from  this  value,  the  coefficient  of 
friction  increases;  on  the  one  hand  increasing  with  the  viscosity 
of  the  oil,  the  metallic  surfaces  being  completely  separated  by  a 
measurably  thick  film;  on  the  other  hand  increasing  because  the 
decreased  viscosity  permits  the  surfaces  to  approach  so  that  some 
parts  of  the  nominal  bearing  areas  are  subjected  to  very  intense 
pressures,  up  to  the  limits  of  strength  or  plasticity  of  the  metals. 
It  is  in  these  localities  that  the  body  of  the  lubricant  determines 
to  some  extent  the  friction  and  the  w^ear  of  the  journal,  the  vis- 
cosity being  also  effective  on  some  parts  of  the  area. 

5.  The  relations  of  the  coefficient  of  friction  to  the  other  vari- 
ables, in  a  journal  giving  results  as  plotted  in  Fig.  34,  may  be 
stated  as  follows : 
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Will.  in^r...i«f  ..f  Wlion-  tlu'  viscosity  is  cflrcclivr,  Where  (he  h«)(ly  is  cffoctive, 

w  im  lncrta^c  oi  ,j^^  (  oemcieiit  of  friction  the  co<m<ieiii  of  frielion 

Presisure .    Decreases.  Increases. 

Spord Increases.  Decn-ases.  ' 

Temperature Decreases.  Increases. 

Viscosity Increases.  Decreases. 

Body Decreases. 

It  is  thus  seen  that  the  effects  of  body  and  of  viscosity  are  in 
nearly  all  respects  diametrically  opposite,  and  that  it  must  neces- 
sarily be  very  difficult  to  derive  reliable  information  regarding 
the  lubricating  values  of  oils  from  friction  tests  in  which  the 
effects  of  viscosity  and  those  of  body  are  not  separately  recogniz- 
able. Under  this  consideration,  methods  of  testing  which  are 
described  in  this  paper  arc  arranged  with  special  reference  to  the 
conditions  under  which  the  effects  of  either  property  may  be  in- 
vestigated independently  of  the  effects  of  the  other.  The  appa- 
ratus used  is  serviceable  also  for  tests  under  any  intermediate 
condition. 

6.  Fig.  33  shows  the  general  appearance  of  the  testing  machine, 
for  the  frame  and  driving  parts  of  which  a  14-inch  drilling  ma- 
chine was  utilized.  The  test  journal  has  its  axis  vertical;  it  is 
suspended  from  the  spindle  by  means  of  a  flexible  coupling  and 
runs  between  two  opposed  bearings  in  a  cylindrical  cup  or  case, 
which  may  be  filled  with  the  oil  to  be  tested  if  a  "  bath ''  is  de- 
sired. The  load  on  the  bearings  is  provided  by  means  of  a  helical 
spring  of  900  pounds  capacity,  with  screw  adjustment  and  with 
a  device  for  quick  application  or  removal  of  the  load  without  dis- 
turbing the  adjustment.  This  spring  is  enclosed  in  a  horizontal 
tube  attached  to  the  side  of  the  oil  case.  The  cup  has  a  cover 
with  a  small  hole  for  the  insertion  of  a  thermometer. 

7.  The  cup  and  attached  parts  are  borne  on  a  hollow  vertical 
spindle  If  inches  in  diameter,  turning  freely  in  a  sleeve  supported 
from  the  frame  of  the  machine ;  the  spindle  extends  about  two  feet 
below  the  sleeve  and  is  suspended  from  a  fixed  bracket  by  a  tem- 
pered steel  wire  passing  through  the  spindle  to  its  lower  end.  In 
testing,  these  suspended  parts  turn  freely  to  a  position  Avhere  the 
torsion  of  the  suspension  wire  balances  the  friction  at  the  test 
journal,  and  the  angle  of  torsion,  which  may  be  as  great  as  270 
degrees,  is  read  from  a  graduated  disk.  The  suspended  parts 
being  counterbalanced,  there  is  no  appreciable  pressure  of  the 
spindle  against  its  sleeve;  and  when  the  oil  in  this  bearing  becomes 
evenly  distributed,  there  is  no  error  from  friction,  as  has  been 
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ninply  proven  by  tests  witli  an  "  ()])ticiil  lever  "  as  well  as  by  the 
uniformity  of  the  results  in  use.  At  the  same  time,  the  viscosity 
of  tlie  oil  serves  the  purpose  of  damping  the  oscillations  which 
arise  from  variations  in  speed  or  friction  at  tlie  test  journal.  This 
mode  of  suspension  gives  large  indications  for  very  small  frictions 
at  the  test  journal,  Avhile  a  helical  spring  placed  on  the  extension 
of  the  spindle  is  added  for  tests  involving  great  friction. 

8.  The  cup  and  the  test  journal  contained  in  it  may  be  heated 
as  desired  by  a  Bunsen  flame.  The  revolutions  of  the  journal  are 
indicated  by  a  counting  device,  not  shown  in  the  figure. 

9.  For  tests  involving  perfect  lubrication  (friction  due  to  vis- 
cosity only),  the  test  journal  used  is  If  inches  diameter,  of  tool 
steel,  hardened,  ground,  and  polished.  The  brasses  are  sectors 
cut  from  a  ring  finished  in  the  lathe,  each  having  an  arc  of  about 
120  degrees  and  a  length  of  2  inches.  These  brasses  are  fitted 
with  some  care,  so  that  when  perfectly  clean  they  may  be  made 
to  adhere  to  the  journal  after  the  manner  of  well-fitted  ''  surface 
plates."  In  making  tests,  care  is  taken  to  prevent  wear  of  these 
parts,  w^iicli  are  used  only  under  such  loads  that  the  oil  film  effects 
complete  separation  of  the  surfaces  and  entirely  prevents  wear; 
the  load  is  always  relieved  before  starting  or  stopping  the  journal; 
and,  finally,  a  friction  device  in  the  driving  coupling  safeguards 
the  journal  from  motion  against  excessive  friction.  These  pre- 
cautions against  wear  are  necessary  to  insure  the  constancy  of 
results. 

10.  It  will  be  noted  that  the  above  conditions  are  not  such  as 
occur  in  practice ;  but  it  should  also  be  noted  that  this  method  of 
testing  is  intended  to  show  the  effects  of  viscosity  in  lubricants  and 
not  the  varying  imperfection  of  any  particular  bearing  surfaces 
subjected  to  wear. 

11.  In  Figs.  34  to  37  are  shown  curves  plotted  from  tests  made 
with  the  test  journal  and  bearings  just  described,  a  bath  of  oil 
being  used  in  each  instance.  Figs.  34,  36,  and  37  show  the  effects 
of  variation  in  viscosity  upon  the  friction,  both  by  the  use  of  oils 
of  different  viscosities  and  by  the  variation  in  viscosity  due  to 
change  of  temperature.  In  Fig.  34,  the  lard  oil  and  the  olive  oil 
have  very  nearly  the  same  viscosity,  the  lard  oil  being  slightly 
more  viscous,  as  is  also  and  more  clearly  shown  in  Fig.  35;  the 
mineral  oil  (Fig.  34)  is  more  viscous  than  either  at  low  tempera- 
tures, but  less  at  high  temperatures  (see  also  Fig.  38).  Fig.  36 
shows  the  friction  of  four  cylinder  oils  with  varying  temperatures ; 
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Fig.  37,  four  engine  oils.  Fig.  38  shows  relations  of  friction,  specMl, 
and  viscosity  for  live  oils  at  three  diifcrcnt  spectls;  the  vi.scosity  was 
found  by  the  ordinary  and  rather  crude  pipette  method.  These 
curves,  although  relating  to  conditions  not  far  removed  from  the 
limit  of  capacity  of  the  journal,  approximately  verify  Keynolds' 
deduction  that  the  friction  is  proportional  to  the  viscosity  of  the 
oil,  and  they  also  show  the  friction  to  vary  roughly  as  the  square 
root  of  the  speed.  The  dat^i  for  Fig.  38  were  taken  from  average 
results  of  tests  made  in  the  laboratory  of  the  Worcester  Poly- 


FiG.  35. 


technic  Institute,  by  members  of  the  class  of  1901;  the  degree  of 
certaintT  attained  in  the  friction  tests  may  be  illustrated  bv  the 
follo^\'ing  values  of  the  coefficient  of  friction  found  by  the  succes- 
sive experimenters,  no  corrections  being  made  for  variations  in 
speed  nor  for  errors  in  calibration  of  the  torsion  wire. 

COEFFICIEXTS  OF  FRICTION  FOR  SPERM  OiL  ;    PRESSURE,   340  Lbs.   Sq.   Ix.      90°   FaHR. 


117  K.  P.  M. 

■i9>i  Pi.  P.  M. 

281  R.  P.  M. 
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.000915 

.000886 
.000915 

.001171 
.001158 
.001158 
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.00146 
.00155 
.00151 
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It  may  be  noted  that  the  lowest  coefficients  of  friction  shown 
in  Figs.  eJ4,  «3G,  and  37  are  extremely  small,  and  the  writer  believes 
them  to  be  smaller  than  any  hitherto  recorded  for  lubrication 
maintained  solely  by  the  motion  of  the  journal.  The  minimum 
friction  is  but  one-fifth  of  that  of  the  best  ball  bearing,  as  far  as 
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Fig.  36. — Friction  Tests  of  Cylinder  Oils. 
Pressure,  340  Pounds  per  Square  Inch.     Speed,  94  Feet  per  Minute. 


tests  of  the  latter  have  been  recorded.  The  value  for  the  mini- 
mum coefficient  for  all  oils  tested  on  this  journal  has  been  found 
to  be  approximately  .0006,  whatever  the  speed,  pressure,  and  tem- 
perature by  which  the  minimum  coefficient  may  be  determined; 
the  oils  varying  from  ^'  spindle  *'  to  "  cylinder,"  the  speeds  from 
42  to  101  feet  per  minute,  the  pressures  up  to  340  pounds  per 
square  inch  and  the  temperatures  up  to  340  degrees  Fahr.     Very 
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noarlv  the  same  minimum  ooeffiei(mt  was  found  in  the  writer's 
tests  '^'  of  a  journal  lubricated  by  air  only;  the  value  in  which  case 
was  .00075. 

12.   For  tests  for  comparing  oils  with  respect  to  body  or  oiliness, 
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Fig.  37. — Friction  Tests  of  Engine  Oils. 
Pressuee,  170  Pounds  per  Square  Inch.    Speed,  94  Feet  per  Minute. 

the  best  results  have  been  obtained  by  the  use  of  a  hardened  and 
polished  steel  journal  \  inch  in  diameter,  running  between  two 
brass  bearings  about  1  inch  long;  on  this  small  journal  pressures 
up  to  8,000  pounds  per  square  inch  may  be  applied  if  necessary. 
The  samples  of  oil  to  be  compared  are  contained  in  small  brass 


*  Journal  of  the  American  Society  Naval  Engineers,  1897. 
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cups  placed  inside  the  case  and  surrounding  the  test  journal,  each 
cup  having  a  wire  for  transferring  oil  to  the  journal;  the  case, 
samples,  and  journal  are  together  heated  to  any  desired  tempera- 
ture. 

13.  In  testing  for  body,  the  oils  are  compared  in  pairs,  being  ap- 
])li(Hl  alternately  at  the  ui)per  end  of  the  bearing;  one  being  ap})lio(l 
until  the  friction  becomes  constant  or  nearly  so,  the  other 
is  then  applied  until  it  displaces  the  first,  and  again  the  friction 
becomes  constant  at  the  new  value;  this  process  is  repeated  several 
times.  The  oil  giving  the  less  friction  is  assumed  to  have  the 
greater  body.  In  this  way  the  order  of  the  body  values  of  six 
samples  of  oils  of  the  same  class  may  generally  be  determined  for 
any  given  temperature  in  an  hour  or  less;  the  friction  indications 
rapidly  follow  the  changes  of  the  oils  and  are  generally  quite  con- 
sistent. When  the  oils  to  be  compared  are  of  different  classes  (as 
mineral  oils  with  fixed  oils),  the  first  friction  indications  on  chang- 
ing oils  are  frequently  misleading,  and  a  longer  time  is  required 
to  insure  certainty  of  results. 

14.  The  speeds  for  the  body  tests  are  made  rather  low  and  pres- 
sures not  unnecessarily  high,  in  order  to  avoid  heating  and  wear  of 
the  journal,  since  it  is  essential  for  comparative  purposes  that  the 
surfaces  should  be  in  the  same  condition  for  both  samples  compared 
— a  requisite  which  above  all  others  led  to  the  development  of  this 
method  of  testing.  Again,  the  actual  temperature  of  the  oil  at 
the  test  surfaces  is  shown  more  nearly  by  the  thermometer  if  but 
little  heating  by  friction  be  permitted.  The  writer  has  not  found 
the  order  of  body  values,  as  determined  by  this  method,  to  vary 
with  the  speed  or  the  pressure  within  a  considerable  range.  A 
speed  of  50  to  100  revolutions  (3  to  6  feet  per  minute),  with 
sufficient  pressure  to  make  the  coefficient  of  friction  only  as  great 
as  .01  to  .03,  have  been  found  most  satisfactory;  the  pressures 
being  from  500  to  5,000  pounds  per  square  inch,  according  to  the 
character  of  the  oils. 

15.  The  results  of  this  method  of  testing  for  body  agree  thor- 
oughly with  the  principal  fact  hitherto  established  with  regard 
to  body  as  distinguished  from  viscosity — namely,  that  the  mineral 
oils  as  a  class  have  much  less  body  than  the  animal  and  vegetable 
oils.  For  example,  in  a  body  test  of  mineral  oil  and  lard  oil 
having  viscosities  98.9  and  83.7  respectively  at  90  degrees  F.,  as 
determined  by  the  Dudley  pipette,  the  lard  oil,  although  the  less 
viscous,  gives  very  decided  evidence  of  greater  body,  by  its  much 
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smaller  friction.  On  the  other  hand,  certain  cylinder  oils,  wholly 
or  largely  mineral,  and  exceeding  lard  oil  greatly  in  viscosity  have 
also  greater  body  than  lard  oil. 

10.   The  method  of  tt^stin^  readilv  indicates  differences  in  bodv 
in  samples  of  nominally  the  same  oil  from  dilfercnt  manufac- 
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Fig.  38 — Friction,  ViscosiTy,  and  Speed. 
Pressure,  340  Pounds  per  Square  Inch.     Temperature,  90  Degrees  Faiir. 
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tiircrs,  sucli  as  lard  oil;  change  of  body  in  a  given  fixed  oil  on 
exposure  to  tlie  air  for  some  time;  the  addition  of  small  propor- 
tions of  mineral  oil  to  animal  or  to  vegetable  oil,  or  vice  versa. 

17.  Among  the  specific  results  thus  far  obtained,  the  four 
cylinder  oils  whose  variations  of  viscosity  with  temperature  are 
sliown  in  Fig.  80,  were  found  to  liave  body  in  the  sanu;  order  as 
viscosity;  the  body  being  tested  at  180  degrees  and  312  degrees 
Fahr.  Similar  results  were  found  for  the  pils  in  Fig.  37.  Again, 
samples  of  castor,  lard,  olive,  and  sperm  oils  were  placed  in  the 
order  named  by  the  body  test,  which  order  was  the  same  as  that 
of  their  viscosities.  It  thus  appears  that  body  is  in  some  way 
related  to  viscosity,  but  the  relation  must  be  quite  different  in  the 
mineral  oils  and  the  fixed  oils. 

18.  The  following  tables  of  observations  wdll  serve  to  show  the 

character  of  the  numerical  results  of  tests  made  in  this  w^ay,  the 

oils  compared  being  in  the  first  case  two  samples  of  lard  oil,  and 

in  the  second  case  two  engine  oils,  'Nos.  28  and  29  (see  Fig.  37  for 

viscosity  tests);  speed,  105  revolutions  per  minute  (6.9  feet  per 

minute) : 

Body  Tests  of  Winter,  Strained  Lard  Oils. 

Load,  300  lbs.;  pressure  2,550.  lbs.  sq.  in. 


Oil  No. 

Torsion,  Degrees. 

Coefficient  of  Friction. 

Temperature  Fahr. 

1 

33 

.0233 

72 

2 

25 

.0176 

1 

31 

.0218 

2 

24 

.0169 

1 

30.5 

.0215 

2 

23.5 

.0166 

1 

29  5 

.0208 

2 

23 

.0162 

72 

Body  Tests  of  Encine  Oils. 


Oil  No. 


Torsion,  Degrees. 


Coefficient  of  Friction. 


Temperature  Fahr. 


29 

11.5 

28 

15 

29 

11 

28 

15 

Load,  200  lbs.;  pressure,  1,700  lbs.  sq.  in. 

.0124 
.0161 
.0118 
.0161 

Load,  100  lbs.;  pressure,  8.50  lbs.  sq.  in. 


69 
69 
69 
69 


28 

8.5 

.0182 

120 

29 

4.0 

.0086 

120 

28 

5.0 

.0107 

120 

29 

3.5 

.0075 

120 
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Tims,  wliih^  tlio  oooffioiont  of  friction  is  not  always  constant 
for  anv  one  oil,  the  one  effecting  the  greater  rednction  of  friction 
is  readily  distinguished,  and,  hence,  is  to  be  regarded  as  having 
the  greater  body.  'J'his  appears  to  be  the  prinei])al  use  which 
can  be  made  of  the  numerical  results,  since  the  mean  values  of  the 
coefficients  of  friction  are  not  characteristic  of  the  oils,  but  de- 
]>end  also  upon  the  varying  degree  of  roughness  of  the  surfaces, 
the  loads,  the  speeds,  the  temperatures,  and  the  kinds  of  metals 
forming  the  journal  and  the  bearing.  Nevertheless,  great  or 
small  differences  in  the  values  of  the  coefficients  of  friction  must 
be  taken  as  indicating  correspondingly  great  or  small  differences 
in  body. 

DISCUSSION. 

Prof.  H.  IT.  Thvrdon. — Professor  Kingsbury 's  paper  iin presses 
me  as  being  a  very  exceptionally  valuable  contribution  to  the 
literature  of  its  subject.  The  results  of  his  investigation,  as  illus- 
trated by  the  diagrams  presented,  have  this  very  important  pecul- 
iarity:  that  they  exhibit,  as,  I  think,  never  has  been  done  before, 
the  laws  of  variation  of  frictional  resistance  when  the  lul)ricant  is 
maintained  in  an  invariable  state,  and  in  such  manner  as  to  show 
precisely  what  are  the  effects  upon  thoroughly  lubricated  sur- 
faces, of  simple  change  of  temperature  and  of  simple  variation  of 
pressure,  uncomplicated  by  variations  of  condition  of  the  metal 
surfaces  between  which  the  lubricants  are  placed.  These  curves 
are  the  most  complete  and  the  smoothest,  on  the  whole,  that  I 
have  yet  met  with,  with  perhaps  the  single  exception  of  some  of 
those  of  Woodburv,  representing  his  experiments  on  the  mineral 
oils."^  These  later  tests,  however,  have  greater  range,  and  are 
also,  in  part,  outside  the  limit  of  the  earlier  work.  These  extraor- 
dinarily low  coefficients,  also  would  seem  to  indicate  a  more 
perfect  attainment  of  the  condition  of  maximum  effectiveness  of 
lubrication — complete  separation  of  the  metals,  the  film  of  oil 
being  maintained  intact  throughout.  In  all  earlier  experiments, 
we  find  evidence  of  more  or  less  metallic  contact  and  rubbino^  at 
some  stage  of  the  experiment,  converting  fluid  into  solid  friction 
and  introducing  a  change  of  the  law  of  variation,  thus  giving 
curves  of  correspondingly  varying  law.     Such  changes  of  con- 

*" Friction  and  Lost  Work  in  Machinery  and  Mill  Work,"'  R.  H.  Thurston, 
New  York,  J.  Wiley  &  Sons  ;  London,  Chapman  &  Hall. 
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(lition  may  1x3  found  illustrated  in  ample  extent  and  variety  in 
work  published  by  me  when  pioneerin<^  in  this  field.* 

The  point  of  minimum  friction,  to  which  I  then  called  atten- 
tion, is  better  exhibited  in  Fi*,^  34^  of  the  paper  than  in  any  of  my 
curves  ;  while  the  latter  seem  to  indicate  that  this  critical  tem- 
perature of  maximum  effectiveness  of  the  lubricant  is  approxi- 
mated in  a  variety  of  oils,  organic  as  well  as  inorganic.  ]>ut  it 
is  to  be  noted  that  journals  in  ordinary  work  do  not  usually 
attain  that  temperature  and  that  the  difference  among  the  oils 
increase  as  the  temperature  is  lower,  at  least  Avithin  the  allow- 
able range. t  The  minimum  coefficient  reported  in  these  experi- 
ments is  the  lowest  Avith  which  I  have  met,  and  may  perhaps  be 
accepted  as  that  to  which  perfect  lubrication  approximates  as  the 
condition  of  the  journal  and  the  system  of  lubrication  approxi- 
mates perfection. 

The  very  closely  hyperbolic  form  of  these  curves  is  another 
very  interesting  result  of  this  work.  It  follows  that,  since  the 
product  of  the  coefficient  of  friction  and  the  pressure  is,  under 
such  circumstances,  practically  constant,  the  total  frictional 
resistance,  under  similarly  perfect  conditions,  is  unaffected  by 
change  of  load  on  the  journal.  This  is  one  of  those  phenomena 
Avhich  conspire  to  make  the  friction  of  the  steam  engine  constant 
for  all  loads,  as  I  showed  by  direct  experiment  many  years  ago, 
in  the  case,  particularly,  of  the  n  on -condensing  engine.  J 

Professor  Kingsbury's  oil-testing  machine  is  a  very  ingenious 
and  remarkably  refined  piece  of  scientific  apparatus,  and  seems 
especially  suited  to  such  peculiarly  fine  work  of  investigation  as 
is  here  illustrated.  The  difficulties  of  determining  the  effect  of 
varying  temperature  in  this  case  can  only  be  fully  understood  by 
those  who  have  attempted  such  researches,  and  they  seem  to  be, 
by  this  apparatus,  admirably  disposed  of.  It  brings  out,  as 
never  was  done  before,  the  differences  betAveen  '^  viscosity  "  and 
what  its  in\^entor  calls  ''body,"  a  quality  Avhich  remains  to  be 
defined. 

In  illustration  of  the  correspondences  and  the  differences  be- 
tween the  Avork  of  which  the  paper  is  descriptiA^e,  and  that  Avhich 
is  ordinarily  performed  by  the  standard  methods  and  ordinarily 
satisfactory  apparatus  of  the  laboratory  in  commercial  investiga- 


*  Ibidem.  f  Ibidem. 

:j:  "  Manual  of  the  Steam  Engine,"  vol.  ii.,  cbap.  v.,  §§  132-136. 
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tions  for  ])ractical  purposes,  we  may  compare  the  diagrams  of 
the  paper  with  those  of  Figs.  39-41.  These  are  not  presented  as 
re])resenting  an  effort  to  secure  such  retinement  as  woukl  charac- 
terize the  more  deliberate  and  minutely  studied  work  of  research, 
eitlier  in  ex])erimentation  or  deduction,  but  simply  as  bringing 
out  the  more  clearly  the  difference  between  ordinary  tests  and 
those  here  discussed,  in  which  every  effort  is  made,  and  success- 
fully, to  insure  that  the  results  shall  not  be  complicated  by  the 
presence  of  more  than  the  one  variable,  the  law  of  which  is 
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Fig.  40. 


sought  to  be  determined.  The  correspondences  are  evident  on 
inspection,  and  it  is  interesting  to  see  that  the  commerical  work 
admirably  sustains  the  deductions  from  the  research. 

Fig.  39  represents  the  variation  of  viscosity  with  temperature 
in  comparisons  of  the  characteristics  of  four  distinctly  different 
oils  :  ]S"o,  1,  an  oils  old  in  the  market  as  a  ^'  cylinder  oil  "  ;  Ko. 
2,  a  '^  crusher  oil"  ;  Xo.  3,  an  ''  engine  oil,"  and  'No.  4,  a  mod- 
erate-priced ^'machine  oil." 

Fig.  40  is  a  comparison  of  these  oils  to  ascertain  their  normal 
temperatures  of  steady  operation  under  varying  pressures. 

Fig.  41  exhibits  their  relative  and  absolute  friction-reducing 
values  at  various  pressures. 

It  is  seen  that  the  variation  of  viscosity,  determined  in  the 
usual  manner,  as  temperatures  change,  follow  the  same  general 
law,  and  the  higher  the  grade,  as  rated  for  the  market,  the 
greater  the  viscosity,  except  that  Nos.  3  and  4  are  transposed, 
indicating,  possibly,  that  No.  3  is  incorrectly  rated  and  that  its 
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purchaser  would  secure  a  better  })argain  ia  buying  No.  4; 
although  the  latter  assumes  a  higher  i)osition  on  the  diagram  of 
temperature  variation  than  'No.  3.  It  is  also  to  be  noted  that 
tlie  line  for  variation  of  temperature  with  pressure  is  a  straight 
line  which  does  not  pass  through  the  origin,  and  this  would  seem 
to  be  another  corroboration  of  Professor  Kingsbury's  remarks 
regarding  the  existence  of  at  least  two  distinct  properties,  deter- 
mining the  work  of  friction.  It  is  probable  that  the  friction - 
reducing  ])roperty  and  the  conductivity,  or  the  convection  of  the 
oil,  or  both  the  latter  properties  acting  in  conjunction,  may  give 
rise  to  the  differences  here  referred  to.  The  friction-pressure 
diagram  shows  correspondence  with  the  results  given  by  the 
author  of  the  paper  under  discussion,  in  the  apparently  hyper- 
bolic character  of  the  curves  for  the  several  oils,  while  also 
showing  that  the  curve  varies  more  or  less  from  the  line  of  the 
equilateral  hyperbola  ay  hen  the  quality  of  the  bearing  and  the 
state  of  the  rubbing  surfaces  affect  results,  as  they  practically 
always  do  in  the  ordinary  tests. 
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BY    HENIIY    M.   LANE,    SCRANTON,    PA. 

(.Member  of  the  Society.) 

1.  TnE  filing  system  described  in  this  paper  has  been  the  result 
of  a  niiniber  of  experiments,  the  object  to  be  attained  being  the 
preservation  of  catalogues,  clippings,  engineering  data,  photo- 
graphs, etc.,  in  such  a  way  that  they  can  be  used  either  for  general 
engineering  work  or  in  connection  with  the  writing  and  editing  of 
engineering  work.  So  far  as  possible,  standard  devices  which  can 
be  purchased  on  the  market  have  been  used. 

In  one  of  the  systems  which  the  writer  used  for  a  number  of 
years  he  had  a  large  collection  of  letter  files  upon  which  various 
titles  were  placed  and  then  the  material  corresponding  to  the  title 
was  placed  in  the  files.  This  system  presented  the  following  dif- 
ficulties: There  was  a  large  amount  of  dead  space,  owing  to  the 
fact  that  some  of  the  files  were  filled  up  rapidly  and  others  very 
slowly.  Also  when  the  files  became  full  it  was  necessary  to  add 
others  having  the  same  title,  and  these  were  usually  located  a 
considerable  distance  apart.  In  this  system  no  card  index  was 
used,  the  titles  on  the  backs  of  the  files  being  depended  upon  en- 
tirely. In  such  a  system  as  this,  in  order  to  consult  the  files  in- 
telligently it  is  necessary  to  have  a  knowledge  of  their  irregulari- 
ties, such  as  duplicate  filing  cases  having  the  same  title  located 
at  dififerent  points  of  the  system,  etc.  The  system  about  to  be 
descril)ed  removes  all  necessity  of  burdening  the  memory  with 
details. 

*  Presented  at  the  Xew  York  meeting  (December,  1902)  of  the  American  Society 
of  Meclianical  Eng-ineers,  and  formingpart  of  Volume  XXIV.  of  the  Transactions. 

\  For  further  references  on  this  subject,  see  Transactions  as  follows : 
No.  184.  vol.  vi.,  p.  863  :  "Topical  Discussions." 
Xo.  539.  vol.  xiv.,  p.  780:  "A  General  Engineering  Classification  and  Index." 

W.  L.  Chase. 
Xo.  632.  vol.  xvi.,  p.  610  :   "Topical  Discussions." 
No.  900,  vol.  xxii.,  p.   74o  :    "A  Method  of   Filing  and    Indexing  Engineering 

Literature."     G.  11.  Marr. 
No.  946.  vol.  xxiii.,  p.  658  :  "  A  Technical  Index  and  File."     R.  H.  Soule. 
11 
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2.  When  the  present  system  was  started  all  previous  arrange- 
ments were  discarded.  As  the  system  now  stands  it  comprises  an 
ordinary  Wells  Filing  Case,  as  shown  at  a,  Fig.  42,  and  three  sec- 
tional units,  such  as  are  furnished  by  the  Globe-Wernicke  Co., 
two,  e  and  /,  being  ordinary  letter-box  files,  and  one,  d,  a  pigeon- 
hole unit.  Under  the  sectional  units  there  is  simply  a  rough  board 
cupboard,  g,  the  use  of  which  will  be  described  later. 


Fig.  42. 


When  a  catalogue  is  received,  it  is  examined,  and  if  it  is  de- 
sired to  file  it,  the  various  subjects  which  are  to  be  indexed  are 
underscored.  In  many  cases  only  the  firm  name  and  the  prin- 
cipal subject  require  underscoring,  as,  for  instance,  in  the  diamond- 
drill  catalogue  of  the  American  Diamond  Drill  Co.,  I  underscore 
the  word  "  American  "  in  the  firm  name  and  the  word  '^  diamond." 
After  this  the  catalogue  is  handed  to  an  assistant,  who  makes  out 
two  cards  which  go  in  the  card  index.  One  of  these  is  filed  under 
"  American  "  and  the  other  under  ^'  diamond."     If  it  were  desired 
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to  be  more  explicit  the  word  ''  drilling  "  would  also  be  underscored, 
a  third  card  being  headed  "  Drilling,  Diamond  "  and  the  card  tiled 
in  its  proper  i)lace  in  the  index. 

S.  The  advantage  of  this  system  is  that  if  it  is  desired  to  replace 
a  catalogue  or  destroy  one  at  any  time  it  is  easy  to  tell  just  what 
cards  there  are  in  the  card  index  which  refer  to  the  catalogue,  and 
these  can  be  taken  out  and  altered  or  destroyed  as  desired.  The 
difficulty  with  many  filing  systems  is  that  there  is  no  way  of  trac- 
ing back  to  the  cards  from  the  catalogues,  but  in  this  one,  before 
the  cards  are  made  out  the  catalogue  is  assigned  to  its  proper  place 
in  the  filing  system.  No  attempt  whatever  is  made  to  file  cata- 
logues by  subject,  but  each  one  is  given  two  designating  numbers 
or  a  designating  number  and  a  letter,  the  catalogues  being  filed 
according  to  size.  For  instance,  the  catalogue  above  referred  to 
might  be  designated  as  "  326 — 5,"  indicating  that  the  catalogue 
belonged  in  compartment  326  and  that  it  was  the  5tli  in  that  com- 
partment; the  card  referring  to  this  catalogue  being  marked  cor- 
respondingly 326 — 5  in  the  upper  left-hand  corner. 

4.  When  looking  for  information  it  is  only  necessary  to  consult 
the  card  index  and  find  what  catalogues  or  other  information  are 
required,  then  to  take  a  scrap  of  paper  and  place  the  proper  num- 
bers upon  it,  and  hand  it  to  an  assistant,  who  can  obtain  the  cata- 
logues from  the  case.  In  consulting  the  index  it  is  not  neces- 
sary to  remove  the  cards  from  the  boxes,  consequently  there  is 
no  danger  of  misplacing  the  cards  after  consulting  them.  AVhen 
through  Avith  the  catalogues  they  can  be  returned  to  their  proper 
place  in  the  files  without  consulting  the  card  index  owing  to  the 
fact  that  the  locating  numbers  have  been  placed  in  the  upper 
right-hand  corner  of  the  catalogue. 

5.  Any  catalogue  Avhicli  is  thick  enough  to  stand  in  the  compart- 
ment is  filed  in  this  way.  Photographs,  letters,  clippings,  or  small 
circulars  are  filed  in  the  regular  filing  portfolios  shown  in  the  lower 
portion  of  the  filing  case  a,  Fig.  42,  and  one  of  which  is  shown 
in  the  supporting  rack  of  the  left-hand  door  of  the  cabinet  at  h. 
Attention  is  called  to  the  two  supports  which  are  placed  upon  the 
doors  of  the  cabinet,  the  one  at  h  for  holding  portfolios  while  ex- 
amining the  material  which  they  contain,  and  the  one  at  c  for 
supporting  flat  books  while  being  examined.  Both  of  these 
shelves  or  supports  are  arranged  so  that  they  drop  out  of  the  way 
w^hen  the  cabinet  is  closed.  The  portfolios  each  contain  twenty- 
five  spaces,  which  are  numbered  from  1  to  25,  and  the  consecutive 
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portfolios  arc  givoii  serial  numbers  so  that  anything  which  is  lo- 
cated in  one  of  them  can  be  found  by  two  designating  numbers  as 
in  tlie  previous  case. 

6.  At  first  it  was  quite  a  problem  how  to  extend  this  system  so 
as  to  cover  the  filing  of  drawings^  blue  prints,  etc.;  but  the  solu- 
tion has  been  found  in  the  pigeon-hole  boxes  in  the  Wernicke 
cases  shown  at  d,  Fig.  42.  Manila-paper  folders  are  made  to  con- 
tain the  drawings,  the  paper  being  cut  as  shown  in  Fig.  43;  a  tin 
form  of  the  proper  dimensions  is  laid  on  as  indicated  by  the  dotted 
lines,  after  which  the  three  flaps  are  folded  over  the  tin  form  and 
creased  down.     Each  one  of  the  pigeon-hole  boxes  is  given  a  num- 
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Fig.  43. 


ber,  and  the  folders  Avhich  it  contains  are  numbered  consecutively 
from  1  up,  so  that  everything  in  one  of  the  pigeon-hole  boxes  can 
be  found  by  means  of  the  two  reference  numbers;  a  large  amount 
of  matter  such  as  specifications,  small  pamphlets,  circulars,  small 
catalogues,  folders,  etc.,  being  filed  in  this  way  in  addition  to  the 
blue  prints  and  drawings.  The  title  of  the  material  which  is  filed 
in  each  folder  is  written  on  the  back  of  the  folder  with  words 
underscored  corresponding  to  the  words  on  the  index  cards.  The 
regular  letter-file  units  are  used  for  photographs  and  similar  ma- 
terial, though  it  would  be  possible  to  get  along  without  them  by 
having  more  of  the  portfolios  as  shown  in  the  lower  portion  of 
the  Wells  cabinet.  Fig.  42. 

7.  This  system  works  admirably  for  uniform-sized  catalogues, 
but  odd  sizes  give  more  or  less  trouble.     Large  thin  catalogues 
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have  been  folded  up  and  tiled  in  the  pi^CM^n-hole  boxes  or  in  the 
letter  tiles,  but  large  catalogues  of  irregular  size  with  stiff  bind- 
ing have  proved  a  source  of  considerable  annoyance,  and  in  some 
cases  have  been  ruthlessly  destroyed  on  account  of  the  fact  that 
it  was  impossible  to  tile  them  advantageously.  Large  bound  cata- 
logues are  given  serial  numbers  as  in  the  ordinary  library  index 
and  are  kept  on  top  of  the  Wells  cabinet  and  on  suitable  shelves, 
which  are  not  shown  in  the  illustration. 

8.  A  few  words  concerning  the  card  index  which  accompanies 
this  may  be  of  interest.  The  first  idea  was  to  have  the  card  index 
placed  in  one  of  the  units  of  the  Wernicke  sectional  files,  but  in 
order  to  protect  the  index  from  fire  losses  a  set  of  ordinary  drawer 
files  was  finally  adopted.  At  present  the  writer  has  six  of  these 
files  in  use.  The  cards  arc  2  by  5  inches.  In  the  upper  left-hand 
corner  are  entered  the  two  figures,  or  figure  and  letter,  correspond- 
ing to  the  place  in  which  the  catalogue  or  other  material  is  filed. 
The  upper  line  of  the  card  contains  the  title  corresponding  to  the 
underscore  in  the  catalogue  for  which  the  card  was  made  out. 
Frequently  some  additional  information  concerning  the  catalogue 
is  entered  on  the  card,  and  in  manv  cases  where  it  is  desired  to  file 
some  small  bit  of  information,  such  as  a  formula,  the  information 
is  all  entered  upon  the  card,  at  times  the  back  as  well  as  the  front 
being  utili'^ed  for  this  purpose.  In  such  a  case  as  this  no  reference 
letters  of  course  are  necessarv,  as  the  card  itself  contains  all  the 
information. 

9.  As  the  system  grew  it  became  quite  a  task  to  look  through 
the  large  accumulation  of  cards  to  find  any  given  subjects,  hence 
the  use  of  auxiliary  guide  cards  was  adopted.  For  instance,  under 
the  letter  M  the  ordinary  subjects  were  filed  in  consecutive  order, 
Ma,  Me,  etc.,  but  it  was  found  that  there  were  many  cards  headed 
"  ^Machinery,"  ''  Milling  ^Machinery,"  etc..  so  that  the  idea  of 
separating  these  and  placing  them  at  the  back  of  the  M  file,  just 
forward  of  the  X's,  giving  each  a  separate  guide  card,  occurred  to 
the  writer.  For  instance,  the  M  series  in  the  index  at  present  is 
arranged  as  follows:  The  miscellaneous  M's  occupy  about  one  hun- 
dred and  twenty-five  cards;  back  of  this  there  is  an  auxiliary  guide 
card  headed  "  Machinery,"  under  which  there  are  about  seventy- 
five  cards;  next  a  card  headed  **  ^lilling  Machinery,"  with  about 
fifty  cards:  then  one  headed  ''  Alining  Books,"  with  about  twenty- 
five  cards ;  one  headed  "  Mining  Laws,"  with  about  twenty-five 
cards;  one  headed  "  Mining  Matters,  Miscellaneous,"  ^vith  about 
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sixty  cards;  one  headed  "  Mining  Machinery,"  with  about  forty 
cards;  one  headed  "Mining  Schools,"  with  about  thirty  cards. 
These  auxiliary  cards  reduce  the  number  it  is  necessary  to  look 
over  to  find  any  ordinary  subject,  and  they  facilitate  the  location 
of  any  matter  relating  to  the  special  subjects  covered  by  the  guide 
cards  most  often  consulted,  as  a  man  would  naturally  divide  his 
work  according  to  his  wants,  and  the  cards  for  the  specialties 
which  he  needed  would  accumulate  more  rapidly  than  others. 

10.  Another  advantage  of  having  the  card  index  in  these  drawer 
files  is  that,  in  case  the  regular  system  should  be  destroyed  by  fire, 
a  clerk  or  stenographer  could  replace  a  great  deal  of  the  matter 
by  simply  writing  for  the  necessary  catalogues  and  information 
and  arranging  them  in  new  filing  cases ;  it  is  probable  that  at  least 
60  per  cent,  of  the  matter  in  the  writer's  files  could  be  replaced 
in  this  way. 

11.  A  feature  of  this  filing  system  is  the  rough  set  of  shelves 
shown  at  g.  Fig.  42,  on  which  are  arranged  a  series  of  envelopes 
containing  pamphlet  copies  of  the  papers  read  before  the  American 
Society  of  Mechanical  Engineers  and  the  American  Institute  of 
Mining  Engineers.  In  many  cases  both  the  preliminary  and  re- 
vised papers  are  kept,  being  simply  placed  in  envelopes  and  ar- 
ranged according  to  meetings.  Any  one  of  these  can  be  found 
very  quickly,  the  regular  index  and  bound  volumes  being  used 
to  locate  the  original  paper  and  find  out  at  what  meeting  it  was 
read,  after  which,  by  a  reference  to  the  envelopes,  the  pamphlet 
paper  can  be  located. 

DISCUSSION. 

Mr.  Geo.  L.  Fowler. — I  find,  on  looking  over  this  system,  that 
it  is  practically  identically  the  same  thing  w^hich  I  am  using  in 
my  OAvn  office,  of  which  I  spoke  in  connection  with  Mr.  Soule's 
paper  at  the  May  meeting  in  Boston.  I  have  fiv^e  card  cata- 
logues which  are  separate  and  distinct.  One  is  the  card  cata- 
logue of  trade  catalogues,  which  I  underscore  more  fully  than 
Mr.  Lane,  in  that  I  underscore  every  individual  item  that  any 
manufacturer  will  make ;  so  that  in  case  I  am  looking  up  to  get  the 
prices  for  any  one  item  I  can  simply  say,  "What  have  we  got  here 
on  mandrils,  lathes  or  anything,  and  I  immediately  have  all  of 
the  catalogues  available.  In  addition  to  that  I  have  a  card  cata- 
logue of  all  outside  blue  prints  or  drawings  which  have  come  to 
the  office    in  any  w^ay,  and  which  have  been  kept  and  filed. 
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Those  are  numbered  and  filed  with  the  titles  ])laced  u|K)n  the 
card  catal()<i^iie.  Of  coui*se  their  nmnberin*;  is  without  any  refer- 
ence to  subject  matter  whatever,  and  the  same  thing  holds  true 
of  clii)])in<^s  and  references  to  articles  in  magazines  and  books 
in  my  library.  That  enables  me  to  see  what  there  is  available 
on  any  one  particular  subject.  Then,  in  addition  to  that,  I 
have  a  card  catalogue  of  all  of  the  drawings  which  belong  to 
the  office  itself — that  is,  drawings  which  have  originated  in  my 
own  office.  These  are  kept  tiled,  and  get  consecutive  numbers. 
Drawings  wdiich  have  been  made  for  outside  ])arties  and  which 
have  been  delivered  to  them,  I  simply  keep  blue  ])rints  of  for 
my  own  reference,  and  those  are  filed  by  themselves.  Then 
finally  I  have  a  card  catalogue  of  my  library  which  is  arranged 
in  exactly  the  same  way  as  any  card  catalogue  is  arranged  for  an 
ordinary  library.  That  makes  five  complete  catalogues;  every- 
thing separate  and  distinct  by  itself,  and  of  course  everything 
available;  but  so  far  as  the  method  of  handling  the  work  is 
concerned,  it  is  done  practically  identically  the  same  way  w^hich 
Mr.  Lane  has  outlined  in  his  paper. 

Prof.  Win.  W.  Crosby. — In  the  ordinary  business  of  an  office 
there  are  many  cases  where  correspondence  is  received,  which, 
unanswered  at  the  time,  requires  no  further  thought.  Very 
often  the  names  signed  to  the  letters  are  not  brought  to  one's 
attention  again,  but  in  the  course  of  some  months  the  subject 
matter  of  the  letter  is  recalled,  wdiile  the  name  of  the  writer  can- 
not be  remembered.  A  card  catalogue  provided  with  cross  index 
is  most  valuable  in  such  a  case.  Offices  which  have  had  no  use 
for  card  catalogues  in  other  ways,  have  found  that  in  this  par- 
ticular case  the  indexing  was  most  valuable. 

Mr.  W,  E.  Partridge. — There  are  t^vo  points  in  establishing 
and  carrying  out  card-catalogue  systems  w^orth  attention  which 
have  not  been  mentioned.  The  first  is,  in  each  division  arrange 
your  materials  so  that  when  you  have  found  a  place  in  the  index 
the  thing  sought  is  before  you.  If  borne  in  mind,  this  may 
easily  be  effected.  The  second  one  is,  in  a  large  establishment, 
allow  any  one  access  to  your  index  and  files,  but  allow  only  one 
person  to  put  anything  back  after  it  has  been  removed  from  its 
place. 

Mr.  L.  R.  Pomeroy. — There  is  one  item  connected  with  this 
subject  which  has  not  been  touched  upon,  Avhich  seems  to  me 
worthy  of  interest,  and  that  is  the  method  of  filing;  namely. 
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the  so-called  verticjil-filing  system.  These  files  can  be  used 
in  connection  with  card  indexes  with  a  practical  and  satis- 
factory result.  l>y  a  subject-designation  of  the  compartments 
in  the  vertical  file,  indicated  by  numbers,  all  letters  or  corre- 
s})ondence  or  data  with  reference  to  this  particular  subject, 
although  originating  in  many  different  places,  carry  the  same 
number,  and  naturally  gravitate  to  the  same  compartment. 

We  find  this  an  excellent  method.  I  use  it  myself  with  the 
Dewey  system  of  classification  and  numbering. 

The  Dewey  system  of  classification  is  comprehensive  and  com- 
plete, and  lends  itself  readily  to  use  in  connection  with  an  ordi- 
nary filing  clerk,  for  the  reason  that  it  is  not  necessary  for  the 
clerk  to  know  anything  concerning  the  subject  classification  you 
have  in  mind,  but  to  file  the  article  by  the  number  which  you 
have  placed  against  the  subject  in  question  at  the  time  you  came 
across  the  item  in  the  general  course  of  reading. 

Mt\  II.  II.  Suplee. — There  is  one  other  point,  I  may  state,  in 
regard  to  having  things  put  back  in  their  proper  places.  In  our 
experience  with  the  Engineering  Magazine  index,  we  have  to  pre- 
pare an  index  each  month  of  six  or  eight  hundred  cards,  and  let  it 
go  out  of  our  hands  for  several  days  to  the  printer.  If  a  box  should 
be  dropped  or  the  cards  mixed,  everything  would  go  w^rong.  So 
the  rule  is  that  before  the  index  is  sent  to  the  printer's  the  cards 
are  numbered  on  the  backs  from  one  up,  so  that  if  a  box  should 
be  ^'pied"  any  one  in  the  printing  office  could  sort  them  out. 
When  the  copy  for  Yol.  III.  of  the  Engineering  Index^  contain- 
ing forty  to  fifty  thousand  cards,  Avas  sent  to  the  printer's,  it 
was  all  numbered  from  beginning  to  end.  Of  course,  in  a  j^rivate 
establishment  wiiere  cards  are  put  in  and  taken  out,  there  would 
have  to  be  sub-numbering  where  other  cards  are  put  in.  At  the 
same  time  it  might  save  some  trouble  to  have  the  serial  order  of 
the  cards  in  some  way  indicated  on  them  in  case  of  accident. 

Prof.  II.  W.  Spangler. — I  think  one  of  the  serious  questions  in 
the  use  of  card  systems  is  the  determination  of  the  subject  under 
which  you  are  going  to  place  these  things.  It  is  curious  how  a 
man's  mind  changes  from  one  week  to  the  next.  One  week  he 
decides  to  put  a  thing  under  "  Milling  machines,"  and  the  next 
week  under  ''  Machines,  milling."  Yery  often  you  think  a  ref- 
erence is  under  a  certain  heading;  you  look  for  it  and  fail  to  find 
it,  but  the  next  week  you  find  it  under  some  other  head.  Of 
course  engineering  matters  change,  and  a  thing  that  five  years 
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ago  yon  would  Iwivo  indoxod  undor  "  ITorsoh^ss  vehicles"  or 
*' Vehicles,  horseless,"  to-day  you  will  put  under  "Automo- 
biles "  or  "  Electric  automobiles  "  or  dear  knows  what.  So  one 
will  find,  if  not  very  careful  in  selecting  subjects  under  which 
filing  is  done,  ho  might  as  well  throw  them  in  the  waste  basket 
at  the  beginning.  I  know  it  is  the  case  that  there  are  dozens  of 
combinations  of  words  which  at  one  time  or  the  other  are  rational 
for  any  particular  thing.  And  your  clerk  or  somebody  had  l)et- 
ter  go  over  that  list  of  a  dozen  things,  if  you  want  to  11  nd  any 
particular  article  which  you  may  want,  or  the  ])articular  catalogue 
you  are  looking  for.  80,  for  my  own  purposes,  I  have  a  type- 
written list  on  my  desk,  and  the  thing  must  go  under  a  word  in 
that  list.  If  the  advance  in  engineering  is  such  that  a  new  word 
has  to  go  in,  then  I  agree  that  everything  on  that  subject  up  to 
date  is  lost.  I  have  not  got  time  enough  to  go  through  this 
card  catalogue  and  pick  out  all  the  things  that  might  go  under 
this  new  word. 

3Ir.  Suplee. — That  very  subject  came  up  to  us  in  making  the 
Engineering  Index^  particularly  in  the  last  volume,  and  the  only 
remedy  we  could  find  was  to  have  plenty  of  cross  cards.  Each 
subject  was  indexed  under  the  most  satisfactory  title  we  could 
find,  and  then  cross  cards  indicating  that  word  were  put  in  for 
every  imaginable  word  that  we  could  think  of,  under  which  any- 
body would  be  likely  to  look  for  that  article.  If  that  is  done 
carefully,  I  think  it  Avill  get  rid  of  the  trouble.  You  must  be 
generous  with  your  cross  cards. 

Mr.  Spangler. — I  think  the  last  volume  of  the  Engineering  In- 
dex carries  that  out.  I  have  hunted  under  a  dozen  different  sub- 
jects before  I  found  a  reference  to  the  particular  thing  I  was 
after,  but  that  is  better  than  not  finding  it  at  all. 

Mr.  Suplee. — Of  course  we  do  not  make  that  index  for  our 
own  particular  use.  We  were  making  that  book  for  every  one 
to  use,  and,  of  course,  we  had  to  put  in  the  words  that  any  man 
might  happen  to  think  of. 

Mr.  H.  M.  Lane."^ — I  will  say  one  thing:  I  found  the  last 
volume  of  the  Engineering  Index  the  best  index  I  have  had  to 
deal  with.  Those  cross  cards  have  helped  me  a  great  deal.  I 
have  had  to  make  the  indexes  for  several  books.  The  publica- 
tions in  my  department  are  all  indexed  by  me  personally,  as  a 

*  Author's  closure,  under  the  Rules. 
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rule,  and  the  cross  index  is  the  only  way  to  locate  a  great  many 
things.  Sometimes  a  given  subject  must  bo  indexed  four  or  five 
times  under  different  words  so  as  to  be  sure  that  every  one  can 
find  it.  The  trouble  is  tliat  our  engineering  books  are  not  cross- 
indexed  enough.  Tliere  are  one  or  two  ])ocket  books  in  the 
market  which  have  made  me  extremely  mad  because  I  could 
not  find  what  I  wanted  in  them.  In  regard  to  other  filing 
systems,  some  remarks  have  been  made  here  about  having  special 
card  systems.  I  have  five  card  s^^stems  in  my  office,  but  I  have 
only  described  one  here.  This  one  is  for  my  general  catalogue 
filing,  and  so  on.  The  others  are  for  special  purposes,  to  keep 
track  of  different  things  in  the  office — names  of  men  who  are  avail- 
able along  certain  lines  of  work,  or  names  of  our  students  who 
are  carrying  on  certain  lines  of  work,  and  various  things  of  that 
kind.  I  have  five  separate  systems.  That  idea  of  letting  any 
one  at  your  files  and  only  one  person  to  return  things  to  them 
I  had  to  come  to  about  a  year  ago  on  one  file,  and  I  finally  came 
to  it  on  all  of  them.  The  orders  are  now  that  no  file-card  box 
shall  go  outside  of  a  limited  space  near  the  safe  in  my  priv^ate 
office.  There  is  a  table  there,  and  under  no  circumstances  is 
anybody  to  take  a  box  away  from  that  space.  They  can  come 
there  and  consult  them,  they  can  take  the  catalogues,  etc.,  any- 
where they  please,  but  when  they  are  through  they  bring  them 
back  and  lay  them  on  that  table,  and  one  person  files  them  again. 
It  is  the  only  way,  I  think,  you  will  ever  be  able  to  locate  things. 
At  one  time  I  allowed  some  of  our  text-book  writers  free  access 
to  my  files,  including  the  returning  of  matter,  and  it  cost  me  a 
good  many  dollars  last  summer  to  have  the  whole  file  system 
gone  through  from  beginning  to  end,  to  check  all  numbers  and 
see  that  everything  was  in  its  proper  place,  and  the  cards  gone 
through  to  see  that  they  were  all  correct.  But  it  is  straight 
now,  and  I  hope  I  can  keep  it  straight. 

In  regard  to  the  Dewey  system  and  similar  systems,  I  had 
some  experience  with  them,  and  our  trouble  has  been  that  I 
could  not  keep  the  material  in  as  small  a  space  as  I  could  with 
this  system.  With  this  system  you  do  not  need  to  have  any 
more  filing  space  than  just  a  little  beyond  where  you  are  filing. 
Another  objection  I  have  found  to  these  systems  is  that  when 
new  subdivisions  are  made,  much  of  the  old  matter  must  be  re- 
indexed. 
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ENTROPY  AXALYSLS   OF  THE   OTTO    CVCLE.-f 

BY   SIDNEY    A.    KEKVK,    W()K(  Kt-TKK,    MASS. 

(MemlKT  of  the  Society.) 

1.  The  object  of  the  following  note  is  to  call  attention  anew 
to  the  advantages  of  submitting  all  heat-engine  records  to  the 
entropy  analysis,  and  to  the  ease  with  which  this  may  be  done 
in  the  case  of  tests  of  gas  engines  of  the  Otto  type. 

The  note  is  based  upon  the  tests  submitted  to  the  Society  at 
its  meeting  of  December,  1900,  by  Prof.  C.  V.  Kerr.  This  par- 
ticular test  is  chosen  not  because  of  anything  peculiar  to  the  test 
itself,  but  only  because  it  is  representative  of  first-class  work  on 
a  standard  engine,  all  the  particulars  of  which  are  already  before 
the  members  of  the  Society.  The  writer  has  translated  the  sample 
indicator-cards  published  in  vol.  xxii.  of  the  Transactions,  pp. 
157-162,  into  entropy-temperature  diagrams,  some  of  which  are 
reproduced  herewith.  Before  proceeding  to  discuss  the  showing 
they  make,  some  reference  is  necessary  to  the  manner  of  their 
production  and  to  their  reliability. 

2.  It  has  frequently  been  urged  that  such  diagrams  are  worth- 
less, because  no  knowledge  is  to  be  had  as  to  the  temperature  of 
the  working  fluid  at  the  inception  of  the  cycle.  This  objection 
seems  to  me  to  be  irrelevant,  because  almost  the  full  value  of  the 
analysis  lies  in  the  revelations  as  to  comparative,  not  absolute, 
changes  of  temperature  and  entropy.  Moreover,  much  light  is 
thrown  upon  this  basic  unknown  quantity,  the  initial  temperature, 
by  the  very  analysis  which  depends  upon  it.  A  single  degree  of 
difference  in  temperature  at  the  beginning  of  the  cycle  results 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussion  on  the  same  topic  consult  Transactions  as  follows : 
No.  514,  vol.  xiv.,  p.  214:  "Notes  on  the  Refrigeration  Process  and  its  Proper 

Place  in  Thermodynamics."     Geo.  H.  Richmond. 
No.  771,  vol.  xix.,  p.  477:  "Thermodynamics  Without  the  Calculus."     Geo.  H. 
Richmond. 
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in  a  diflforcnce  of  5  degrees  at  the  calculated  upper  limits.  Con- 
siderable accurate  information  is  already  at  hand  concerning 
these  upper  limits  under  varying  conditions  of  operation.  There- 
fore the  assumptions  made  in  regard  to  initial  conditions  can  be 
checked  away  from  egregious  error  by  the  results  which  they 
incur.  In  all  of  the  present  work  the  initial  temperature  was 
assumed  to  be  600  degrees  absolute,  or  139  degrees  Fahr.  The 
figure  was  chosen  largely  as  a  convenient  round  number;  but  it 
is  evident  from  the  results  that  it  cannot  be  far  out  of  the  way. 


Fig.  44. 


It  is  at  any  rate  not  too  high,  for  the  final  temperatures  calculated 
from  it  all  fall  below  frequently  recorded  maxima. 

The  initial  pressure  is  also  open  to  conjecture;  but  its  effect 
upon  the  results  is  much  less  marked.  Fig.  44  shows  the  effect 
upon  the  analysis  of  an  error  of  0.5  pounds  per  square  inch  in  the 
determination  of  the  initial  pressure,  an  error  greater  than  could 
possibly  be  excusable  in  such  a  determination.  The  full-line 
diagram  assumed  an  initial  pressure  of  14.6  pounds,  the  dotted 
line  14.1  pounds.  The  diagram  is  shifted  upward  and  to  the 
right;  the  heat  apparently  abstracted  by  the  cylinder  walls  during 
compression  is  considerably  affected.  But  the  form  of  the  ex- 
pansion line,  which  is  the  main  consideration,  is  practically  un- 
altered. 
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There  is,  of  course,  considerable  error  due  to  inaccurate  repro- 
duction of  tlic  indicator  diai!:ranis  in  print.  'J'liat  is  disciuintcil 
bv  the  number  of  diai::ranis  analvzed  and  bv  their  unaniinitv  on 
certain  points. 

3.  The  one  open  question  of  the  Otto  cycle  in  repird  to  which 
these  diagrams  speak  in  no  uncertain  tone  is  that  of  the  so-called 
"  after  burning."  Since  the  gas  engine^s  first  appearance  it  has 
been  noticed  that  the  expansion  curve  of  the  indicator  diagram 
usually  shows  pressures  rising  above  the  true  adiabatic.  The 
explanations  offered  have  precipitated  all  the  discussion  as  to 
"  stratification,"   dissociation,   and   delayed  combustion.     If   the 


Fig.  45. 


expansion  line  of  almost  any  entropy  diagram  from  such  an  en- 
gine be  examined,  it  will  be  seen  at  a  glance  that,  as  is  true  of  all 
those  presented  except  Fig.  45,  which  represent  abnormally  late 
ignition,  (1)  they  are  all  concave  toward  the  right,  and  (2)  the 
concavity  is  produced  by  an  initial  departure  toward  tht  left,  fol- 
lowed by  a  portion  practically  vertical  and  finally  by  a  departure 
toward  the  right.  While  the  form  of  the  expansion  part  varies 
considerably  in  detail  among  the  several  diagrams,  these  gener- 
alities hold  true  of  all  of  them. 

The  great  isomorphic  curve  sweeping  upwards  and  to  the  right 
represents,  of  course,  the  rise  in  temperature  due  to  the  develop- 
ment of  heat  by  internal  combustion.     AVere  this  process  not 
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modified  by  environment  it  would  carry  the  diagram  to  about 
Ay  in  Fig.  40,  and  to  some  similar  elevation  in  tli(;  others.  It  ia 
prevented  from  doing  so  by  the  simultaneous  abstraction  of  heat 
by  the  cylinder  walls,  cooled  by  the  water  jacket.  This  process 
of  abstraction  is  the  exact  opposite,  in  its  effects  and  in  its  graphi- 


FiG.  46. 


cal  representation,  to  the  supply  of  heat  by  combustion;  it  there- 
fore does  not  tend  to  divert  the  cycle  from  the  isomorphic  path 
C  B  A,  but  merely  to  bring  it  back  from  A  to  B. 

4.  At  the  x-mark,  which  denotes  the  inner  dead  centre,  the 
theoretic  normal  path  of  the  cycle  changes  from  the  northeasterly 
one  of  the  isomorphic  to  the  due  south  of  the  straight,  vertical 
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juliabatic.  If  now  tlio  8upj)ly  of  heat  wore  to  continue  after  the 
|)is(<>n  lias  started  on  its  stroke,  the  (liaf!:rani  must  show  departure 
to  the  right  from  this  adiabatic,  or  into  a  path  lying  somewhere 
between  due  south  and  east,  or  between  south  and  northeasterly 
in  any  event.  But  in  no  case  does  it  do  this.  The  next  portion 
of  the  diagram  bears  in  every  case  to  the  west  of  south.  This 
shows  an  abstraction  of  heat  from  the  working  fluid,  not  an  addi- 
tion, during  the  first  portion  of  the  expansion  after  maximum 
temperature  has  been  attained. 

5.  Whether  the  time  of  maximum  temperature  coincides  with 
dead  centre  or  not  depends  upon  the  time  of  ignition.  If  that 
occur  at  or  very  shortly  before  dead  centre,  all  or  a  large  portion 
of  the  combustion  must  take  place  after  the  expansion  stroke  has 
been  entered  upon.  But  even  then,  unless  ignition  be  so  long 
delayed  that  the  gases  have  not  possibly  time  to  fairly  burn  before 
exhaust  occurs,  there  is  a  perfectly  definite  limit  to  the  period 
of  combustion.  The  maximum  temperature  is  attained  by  a 
close  approximation  to  the  constant-volume  process  and  almost 
synchronously  with  attainment  of  maximum  pressure.  After 
this  point  is  reached  there  is  no  further  development  of  heat. 
The  entropy  shows  no  further  increase  as  expansion  begins  and 
the  temperature  falls." 

6.  The  only  premises  upon  which  is  tenable  the  supposition 
that  there  is  further  development  of  heat  w^ould  be,  that  while 
such  development  of  heat  from  combustion  might  still  continue, 
it  would  be  at  a  lessened  rate,  such  that  the  absorption  of  heat 
by  the  walls  overbalanced  it  and  made  the  net  result  a  loss  of 
heat.  But  as  actual  expansion  progresses,  as  revealed  by  the 
entropy  diagram,  its  southwesterly  end  slowly  and  continuously 
alters  itself,  first,  into  a  southerly  direction,  and  finally  into  a 
southeasterly  one.  To  explain  this  on  the  basis  of  a  balance 
between  a  remnant  of  tardy  combustion  and  chilling  walls,  it 
must  be  accepted  that  the  balance,  which  at  B  show^ed  a  sharp 
reversal  from  positive  to  negative,  later  experiences  a  slow  recon- 
version in  favor  of  combustion.  Either  the  rate  of  heat  supply 
from  delayed  combustion  must  be  on  the  increase,  or  the  rate  of 
abstraction  must  be  on  the  decrease.  The  first  supposition  is 
quite  untenable,  on  general  considerations.  If  reliance  be 
placed  on  the  second  (which  is  an  altogether  probable  fact)  for 
explanation  of  the  revealed  process,  it  is  necessary  to  assume 
that  the  delayed  combustion  is  prolonged  quite  until  the  expan- 
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yion  stroke  is  complete,  even  in  those  cases,  such  as  Figs.  46-50,  in 
which  ignition  occurs  h^ng  before  the  stroke  begins,  and  in  which 
the  bulk  of  available  heat  is  already  developed  at  dead  centre. 

7.  I'o  the  above  argument  it  may  be  added  (in  order  to  antici- 
]iate  the  objection)  that,  so  far  as  the  diagram  gives  evidence, 
it  is  still  mathematically  possible  that  a  minor  development  of 
heat  may  continue  after  maximum  temperature  has  been  at- 
tained; but  the  probabilities  are  quite  the  opposite.  Such  a  fact 
would  necessitate  a  double  reversal  of  the  balance  between  gain 


Fig.  47. 


and  loss  of  heat,  and  such  arbitrary  double  reversals  do  not  co- 
incide with  the  general  laws  of  equilibrium. 

8.  Finally,  it  is  to  be  pointed  out  that  the  general  form  of  this 
entropy-diagram  expansion-curve  from  the  Otto  gas  engine  is 
identical  with  that  normally  produced  by  the  non-jacketed  steam 
engine,  where  there  is  no  possible  source  of  supply  of  heat  to  the 
steam,  except  from  heat  already  stored  in  the  walls  by  the  work- 
ing-fluid at  the  beginning  of  its  cycle.  The  supposition  of  a  simi- 
lar process  in  the  gas  engine  to  that  of  condensation  and  re- 
evaporation  in  the  steam  engine  offers  full  and  simple  explana- 
tion of  the  stated  problem.  At  the  point  of  maximum  tempera- 
ture the  walls  have  already  received  some  30  to  50  per  cent,  of  the 
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Fig.  48. 


Fig.  49. 


total  available  heat  in  a  very  small  fraction  of  a  second.     There 
has  been  no  time  for  the  distribution  of  this  heat  throughout  the 
iron.     The  inner  skin  must  be  verv  hot.     In  another  verv  small 
13 
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fraction  of  a  second  the  temperature  of  the  gases  has  been  much 
reduced  by  expansion.  It  is  quite  natural  that  a  small  portion 
of  this  heat  in  the  walls  (the  diagrams  show  it  to  be  about  6  per 
cent,  of  the  total  supply;  see  item  a)  should  return  to  the  gases, 
instead  of  continuing  through  the  metal  to  the  water  jacket. 

0.  At  the  end  of  the  ex])ansi()n  process  most  of  the  diagrams 
show  a  little  ^'  toe-out,"  which  is  worthy  of  remark.  Such  sharp 
changes  of  curvature,  when  occurring  earlier  in  the  stroke,  par- 
ticularly near  the  maximum-pressure  point,  are  easily  explained 
as  due  to  indicator  waves,  or,  in  the  present  case,  to  error  in  re- 


FiG.  50. 


production.  But  at  this  portion  of  the  diagram  neither  indicator 
inertia  nor  indicator  friction  will  explain  the  waver  from  the 
vertical,  and  the  toe  occurs  too  persistently  in  the  same  portion 
of  most  of  the  diagrams  to  be  attributed  to  graphic  error.  If  it  is 
to  be  explained  by  return  of  heat  from  the  walls  to  the  gases,  such 
return  must  be  very  active.  In  some  cases  the  expansion  here 
becomes  almost  isothermal.  There  is  no  greater  difficulty  in 
understanding  how  the  walls  maintain  approximately  isothermal 
expansion  at  this  portion  of  the  cycle,  however,  than  how  they 
maintain  compression  so  nearly  isothermal  at  the  beginning  of 
the  cycle.  Certain  it  is,  at  any  rate,  that  practically  all  of  the 
many  gas  engine  indicator  cards  which  I  have  analyzed  show  this 
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rif]:lit-hnndcd  concavity  of  the  expansion  lino,  and  many  of  tliciii 
show  the  toe-out  at  the  foot  of  it.  The  only  case  in  which  de- 
velopment of  heat  was  observable  after  maximum  temperature 
was  attained  was  that  of  a  100-horse-power  Crossley  engine  driven 
by  very  thin  Dowson  gas. 

10.  As  to  the  (•()m])ressi<)n  ])rocess,  eve«rv  card  hitlici-to  analyz(Ml 
shows  abstraction  of  heat  by  the  walls  during  compression.  At 
the  same  time,  the  diagrams  here  submitted  corroborate,  by  their 
general  temperature  range,  the  evidence  offered  elsewhere  that 
the  initial  temperature  of  the  charge  at  the  beginning  of  com- 
pression is  substantially  higher  than  when  entering  the  cylinder. 
How  is  it  that  the  walls  which  certainly  abstract  heat  during 
compression  imparted  it  during  the  previous  suction?  I  do  not 
pretend  to  answer.  Possibly  the  admission  valves,  etc.,  are  hotter 
than  the  cylinder  walls.  Possibly  the  apparent  problem  is  much 
exaggerated  over  the  real,  as  it  would  be  by  error  in  assuming  or 
observing  the  initial  pressure  as  greater  than  it  actually  is. 

The  last  diagram  presented,  Fig.  51,  is  from  Professor  Robert- 
son's test  of  the  125-horse-power  engine.  Although  the  con- 
ditions of  operation  are  totally  different  from  those  in  Professor 
Kerr's  case,  the  similarity  of  result,  when  compared  wdth  the 
normal  ones  of  Professor  Kerr's  set,  is  most  marked.  The  engine 
is  large;  the  walls  are  less  active;  little  cooling  after  maximum 
temperature  is  visible.  But  there  is  no  after-burning;  the  heat 
imparted  to  the  gases  late  in  the  expansion  stroke  is  separated 
from  the  period  of  combustion  by  a  distinct  period  of  adiabasis; 
the  isothermal  toe  at  the  foot  of  the  expansion  line  is  present  as 
usual. 

11.  In  view  of  the  above,  I  respectfully  submit  that  no  observer 
of  a  gas-engine  test,  any  more  than  of  a  steam-engine  test,  has 
done  his  proper  duty  by  his  task  until  he  has  submitted  his  re- 
sults to  the  entropy  analysis.  "No  other  person  than  he,  with  his 
intimate  knowledge  of  all  conditions,  can  possibly  do  it  so  accur- 
ately or  intelligently.  Since  it  is  my  observation  that  the  task 
is  often  avoided  for  fear  of  its  burden  or  its  mystery,  I  append 
hereto  a  facsimile  of  the  w^ork  involved  in  deriving  the  diagrams 
here  submitted.  It  is  assumed  that  the  investigator  is  provided 
vdih  an  indicator  card,  on  which  are  laid  off  the  axes  of  absolute 
zero  of  pressure  and  volume,  the  latter  being,  of  course,  the 
clearance  line;  mth  a  slide  rule  (or  preferably  two  of  them),  and 
with  a  table  of  logarithms.     For  the  last  either  Xaperian  or  com- 
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111011  logaritliins  will  do;  four-place  logaritliiiLs  are  sufficiently 
accurate,  and  a  table  which  covers  not  more  than  a  single  pair 
of  pages  for  all  numbers  will  greatly  enhance  convenience  of 
work.  The  indicator  diagram  is  assumed  to  be  marked  with  any 
desired  number  of  designated  points. 

12.  The  w^ork  proceeds  according  to  the  following  argument: 

J 


Fig.  51. 


From  any  given  zero-point  the  entropy  and  temperature  for  any 
other  point  may  be  expressed  by  the  following  equations: 


(«) 

and 


T 

therefore  -^-  =  -^^  -f- 


P 


Fo 


log^=log^^-log^. 
T 


ih)  ]^  —  Nq  —  s  log  "7p ,  in  which  JS'  signifies  entropy  and  s  the 

specific  heat  involved. 

13.  Any  point  on  the  indicator  card  can  be  reached  from  the 
origin  of  the  cycle  (at  the  beginning  of  the  compression  stroke) 
by  traversing,  first,  the  horizontal  atmospheric  line  until  directly 
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beneath  the  desired  point,  and  then  the  ordinate  ri.sing  vertically 
to  the  point.  Tiie  first  path  represents,  thermodynaniically, 
cooling  under  constant  pressure,  the  range  of  temperature  being 

given  by  the  ratio  ti^/  the  second  represents  heating  under  con- 

*  0 

stant  volume,  the  temperature  range  being  given  by  the  ratio  //. 

0 

In  the  first  case  the  specific  heat  involved  is  1.408  "^  times  that  in 
the  second.      Therefore, 

I.  AVith  the  slide  rule  set  to  the  initial  absolute  pressure  take 
each  point  on  the  card  in  turn,  divide  the  pressure  at  that  point 
by  the  initial  pressure,  and  note  the  logarithm  of  the  result. 

II.  With  the  slide  rule  set  to  the  total  length  of  the  indicator 
card  (including  clearance)  divide  it  by  the  total  volume  at  each 
point  of  the  card  in  turn. 

III.  Add  to  the  second  tVoV  of  itself  by  slide  rule  or  by  arith- 
metric* 

TV.  The  difference  found  by  subtracting  III.  from  I.  is  the 
entropy  of  the  desired  point. 

V.  The  difference  found  by  subtracting  II.  from  I.  is  the  logar- 
ithm of  the  temperature  ratio;  this  logarithm  should  be  set  down 
at  one  side. 

YI.  With  the  slide  rule  set  to  the  initial  absolute  temperature, 
enter  the  table  of  logarithms  with  Y.,  and  multiply  its  number 
by  the  initial  temperature;  the  result  is  the  ahsolute  temperature 
of  the  desired  point. 


Thus  :  (Let  T,  =  000'  F.) 

p 

I.  log  p- =  1.0792. 

11.  \og^=0A771. 

^  of  ditto  =  0.1908. 

III.  1^  of  ditto  =  ^jYTr' 


IV.  Entropy  =  0.4075. 
Y.  log-|!^=  0.6021. 
YI.   r  absolute  =  2400. 
T  Fahrenheit  = 


1940* 


In  this  way  some  twenty  points,  or  sufficient  for  an  entire 
analysis,  can  be  calculated  and  plotted  inside  of  an  hour. 

*  Lummer  E.  Pringsheim,  in  an  investigation  tlie  report  of  which  had  not 
reached  the  author  at  the  time  this  paper  was  written,  gives  the  vahie  1.4025  as 
more  accurate  than  this.  1.-404:  would  be  more  convenient  to  use  and  is  probably 
sufficiently  accurate  for  all  engineering  purposes. 
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DISCUSSION. 

Mr.  J[.  II.  Sftplee. — I  would  like  to  ask  Professor  Keeve  a 
single  (juestion.  This  paper,  of  course,  refers  to  engines  oper- 
ating on  the  Otto  cycle.  The  termination  of  the  upper  line  of 
ex})losion.  in  these  is  definite  and  determined,  I  believe.  How 
would  that  be  in  the  case  of  internal-combustion  engines  operat- 
ing by  combustion  rather  than  by  explosion — engines  of  the  Diesel 
ty|)e,  for  instance,  in  which  the  fuel  charge  is  varied  and  burns 
continuously  until  cut  off.  Is  the  same  also  true  of  them,  or  is 
it  true  only  of  explosion  engines  ? 

Professor  Reeve. — It  holds  true  of  one  or  two  cards  of  the 
Diesel  engine  which  I  have  analyzed,  but  I  have  not  had  enough 
experience  with  the  Diesel  type  to  speak  broadly  and  definitely. 

Mr.  Sujylee. — I  understand  that  in  the  Diesel  motor  the  amount 
of  fuel  introduced  is  not  constant,  but  varies.  The  oil  is  injected 
continuously  until  it  is  cut  off  by  the  action  of  the  governor, 
while  in  the  gas  engine  a  definite  charge  is  draAvn  in  and  ex- 
ploded each  time,  so  that  the  law  may  not  be  alike  for  both. 

Professor  Reeve. — The  same  argument  would  follow  neverthe- 
less. The  frequent  bending  over  of  the  isomorphic  curve  of 
combustion  in  the  Otto  engine  is  due  to  the  motion  of  the  piston 
before  combustion  is  complete,  so  that  the  more  the  piston  moves 
during  combustion  the  more  the  line  is  bent  over.  But  the  point 
of  the  argument  is  that  when  the  combustion  is  complete  there 
is  a  sharp  end  to  it.  Although  the  piston  continues  its  motion 
Avith  smooth  acceleration  and  the  pressure- volume  curve  shows 
no  abrupt  change,  the  entropy -temperature  curve  reveals  graphic- 
ally, by  its  sharp  reversal,  the  basic  change  in  the  thermal  proc- 
esses at  the  instant  when  combustion  is  complete.  It  is  apropos 
to  the  Diesel  as  well  as  to  the  Otto. 

(Added  after  adjournment.)*  In  a  discussion  of  the  applica- 
bility of  the  entropy  analysis  to  the  Diesel  cycle  before  this 
Society  (Yol.  XXI.,  p.  285),  it  was  urged  that  the  presence  of 
the  air-pump,  injecting  fuel  and  compressed  air  into  the  cylinder 
during  combustion,  vitiated  the  conclusions  to  be  drawn.  It  is 
of  interest  to  point  out  in  this  connection,  that  thermo-dynamic 
processes  do  not  recognize  questions  of  locality.  The  compres- 
sion of  air  by  the  air-pump  is  just  as  much  a  part  of  the  thermo- 

*  Author's  closure,  under  the  Rules, 
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dynamic  cycle  as  is  the  compression  in  th(»  main  cylinder.  In 
regard  to  tlu^  added  working*  sul)stance  involved  in  the  entrance 
of  the  oil,  I  would  say,  for  the  analysis  of  eitli(ir  Diesel  or  Otto 
oil-engine  cycles,  that  the  results  of  this  addition,  as  I  have  cal- 
culated them,  have  so  uniformly  adhered  to  an  increases  of  specific 
volume  dui'ing  cond)usti(m  by  "1  per  cent.,  that  I  now  take  no 
more  cognizance  of  the  oil  than  to  make  this  standard  allowance. 
Moreover,  any  error  in  this  assumption,  which  a])plies  oidv  to 
the  line  of  combustion,  could  have  no  effect  upon  the  main  ])oint 
at  issue — viz.,  the  form  of  the  expansion-line  and  its  similarity 
in  internal-combustion  engines  to  its  standard  form  in  steam 
engines. 
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No.  962.* 

A     RATIONAL     SOLUTION     OF     THE     PHOBLEM     01 
WEIGHTS    AND    MEASURES.^ 

BT   SIDNEY   A.   REEVE,  WORCESTER,   MASS. 

(Member  of  the  Society.) 

1.  The  question  of  what  system  of  weights  and  measures  most 
fully  meets  the  demands  of  the  technical  w^orld  has  recently  re- 
ceived renewed  discussion.  The  source  of  this  fresh  impetus  has 
lain  in  the  projection  of  a  national  law,  the  adoption  of  which 
would  render  the  universal  use  of  the  metric  system  compulsory. 
It  is  not  the  object  of  this  paper  to  undertake  discussion  of  the 
merits  of  this  bill ;  it  is  to  present  briefly  some  of  the  advantages 
to  be  gained  from  advance  in  another  direction.  This  alternate 
line  of  progress  has  already  been  ably  advocated,  at  one  time  or 
another,  in  a  general  way ;  but  the  concrete  programme  for  pro- 
cedure which  is  herein  presented  has  never  yet  been  suggested, 
so  far  as  the  writer  is  aware. 

2.  As  a  preliminary  step  some  of  the  fundamental  attributes 
of  the  metric  and  the  English  systems  will  be  outlined  as  the  writer 
sees  them.  In  doing  this  no  attempt  will  be  made  to  conceal  the 
firm  opinion  that  the  metric  system  is  not  naturally  and  inherently 
adapted  to  industrial  needs,  and  that  to  commit  ourselves  finally' 
to  its  universal,  compulsory  adoption  would  be  a  mistake  of  im- 
measurable magnitude.  But  the  waiter  also  disclaims  any  be- 
lief that  the  metric  system  has  been  proven  by  experience  in- 
capable of  adoption  in  engineering  and  industrial  works.  Locally 
and  occasionally  it  has  been  so  adopted.  There  has  been  no  re- 
sultant catastrophe.     There  has  not  always  been  even  resultant 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussion  on  this  topic  consult  Transactions  as  follows : 
No.  4,  vol.  i.,  p.  29:  "The  Metric  System."     Coleman  Sellers. 
No.  721,  vol.  xviii.,  p.  492:  "The  Metric  System  Versus  the  Duodecimal  System." 

George  W.  CoUes. 
No.  923,  vol.  xxiii.,  p.  291:  "The  Linvolpon  System."     F.  F.  Nickel. 
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rejection.  But  it  is  broadly  and  plainly  true  that  llio  resultant 
gains  have  not  been  suthcicnt  to  sprca*!  apj)r('cijibly  t\w,  fii-ld  of 
experiment  with  the  metric  system — not  even  so  ra})idly  as  in- 
dustrial effort  has  extended.  For  thirty-six  years  the  use  of  the 
nretric  system  has  been  open  to  all  who  cared  to  try  it.  Tn  all 
those  years  the  proportion  of  those  who  did  to  the  whole  numl)er 
who  might  has  not  perce])til)ly  increased. 

3.  The  reasons  for  both  the  continued  advocacy  and  the  con- 
tinued rejection  of  the  metric  system  are  plain.  They  are  parallel 
and  quite  compatible. 

(a)  The  metric  system  is  attractive  because  its  measures  are 
arranged  on  the  same  system  as  our  numerical  notation. 

(h)  The  metric  system  is  cumbrous  because  it  is  decimal  in  its 
arrangement. 

4.  To  state  that  the  advantages  of  the  metric  system  lie  in  the 
fact  that  its  arrangement  is  decimal  is  erroneous  and  deceptive. 
Had  our  numerical  system  been  based  upon  the  octonal  or  the  duo- 
decimal plan,  the  scientific  originators  of  the  metric  system  w^ould 
have  adopted  just  as  promptly  and  have  urged  just  as  vehemently 
a  system  of  weights  and  measures  also  based  upon  the  octonal  or 
duodecimal  plan.  If  that  had  been  done  the  then  system  would 
have  every  advantage  now  offered  by  the  metric.  In  addition  it 
would  have  many  more. 

5.  To  support  this  last  statement  properly  would  be  to  duplicate 
much  which  has  already  been  written,  more  ably  than  could  be 
reproduced  here,  and  w^hich  is  accessible  to  every  reader  of  these 
lines.  In  particular,  in  vol.  xlix.  of  the  Popular  Science  Monthly y 
will  be  found  a  full  and  cogent  statement  by  Mr.  Herbert  Spencer 
of  the  reasons  why  the  metric  system  has  not  found  wide  adop- 
tion. In  the  same  volume  is  a  counter-defence  by  one  of  the 
ablest  of  the  advocates  of  the  metric  system,  Dr.  T.  C.  Mendenhall. 
J^o  engineer  may  presume  to  a  worthy  opinion  upon  the  weights- 
and  measures  question  without  acquaintance  with  these  writings.* 

6.  To  summarize  very  briefly,  Mr.  Spencer's  position  is  : 

(1)  That  the  natural  evolution  of  systems  of  measures  by  popu- 
lar adoption  or  rejection,  or  by  the  survival  of  the  fittest,  has  ever 
been  away  from  decimal  divisions  and  toward  the  repeated  divis- 
ion of  a  unit  by  twos  and  by  threes. 

*  It  is  assumed  that  all  readers  of  this  paper  are  already  acquainted  with 
the  earlier  discussions  of  the  metric  system  before  this  Society,  to  which  no 
concrete  reference  is  made. 
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(2)  That  this  tendency  has  been  only  very  slightly  affected  by 
the  parallel  presence  of  decimal  syst(;nis  of  division,  even  when 
made  compulsory  by  law. 

7.  Thus,  in  this  country  a  decimal  division  of  currency  has  been 
compulsory  by  law  for  over  a  century,  and  is  backed  by  all  the 
inconveniences  involved  in  the  departure  of  money-division  from 
the  standard  system  of  notation,  which  is  decimal.  Yet  the  di- 
vision of  the  standard  linit,  the  dollar,  by  other  factors  than  those 
of  ten  and  its  powers,  by  factors  of  two,  three,  four,  six,  eight, 
twelve,  and  sixteen,  is  practically  universal.  Of  the  three  deci- 
mal divisions  of  the  dollar;  the  dime,  the  cent,  and  the  mill,  the 
first  and  the  last  are  unheard  of  as  units  of  price  in  ordinary  re- 
tail business;  the  other,  the  cent,  is  almost  as  apt  to  be  split  by 
a  vulgar  fraction  as  it  is  to  be  used  in  its  integral  purity.  Of  all 
our  coins  tlie  favorites  are  the  "  half  ''  and  the  ''  quarter.''  The 
dime  is  used  much  more  to  make  change  for  the  quarter,  because 
five  nickels  are  too  cumbrous,  than  it  is  as  one-tenth  of  a  dollar. 
We  could  not  get  along  without  the  half-dime,  or  "  nickel."  The 
cent  is  scarcely  ever  used  to  make  change  for  a  dime.  In  short, 
decimal  subdivisions  are  much  too  far  apart. 

Even  in  the  choice  of  rates  of  interest,  where  the  burden 
of  calculation  is  a  maximum  in  proportion  to  the  coin  actually 
handled,  there  is  little  disposition  to  retain  the  decimal  system. 
Fractional  portions  of  units  per  cent,  are  not  often  stated  as 
tenths,  but  more  commonly  as  halves  or  quarters  or  eighths. 

This  is  the  final,  present  result  of  a  century's  experiment 
with  a  decimal  system  supported  by  legally  compulsory  adoption. 
In  other  countries  and  in  other  lines  of  measure  than  the  mone- 
tary the  experience  is  parallel.  In  short,  all  the  advantages  of 
having  a  system  of  measures  upon  the  same  basis  as  the  system 
of  notation  are  not  sufficient  to  countervail  the  disadvantages  of 
conducting  the  day's  work  upon  any  other  basis  than  division  by 
twos  and  threes. 

8.  Even  in  scientific  work  the  same  trouble  is  found.  So  long 
as  instruments,  scales,  etc.,  are  divided  on  the  decimal  system  it 
is  of  course  easiest  to  read  them  so.  But  when  that  artificial  con- 
straint is  exceeded  the  natural  basis  for  either  estimating  or  as- 
signing divisions  is  by  twos  or  by  threes.  Every  student  has  to 
be  arbitrarily  taught  to  estimate  to  tenths,  and  even  then  the  re- 
sult is  inaccurate.  Every  intelligent  young  observer,  on  the  other 
hand,  naturally  estimates  well  to  halves,   thirds,   and  quarters. 
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In  my  own  work,  nlthoii«;li  I  carefully  iiistnict  at  the  start  against 
using  numerical  statements  to  a  c^reater  degree  of  accuracy  than 
is  naturally  possible,  yet  I  sanction  and  believe  in  observations 
made  and  stated  in  estimated  divisions  such  as  0.25,  0.3J3,  etc. 
For  the  observer  to  estimate  to  tenths  is  dilHcult  and  inaccurate; 
to  attempt  to  estimate  to  hundredths  is  absurd.  Yet  I  more  highly 
esteem  the  accuracy  of  such  estimated  divisions  as  those  above 
stated  than  I  do  stated  estimates  of  0.2,  0.3,  0.4,  etc. 

9.  It  is  only  because  scientific  work  involves  so  large  a  propor- 
tion of  computation  to  a  given  amount  of  mensuration  tliat  the 
metric  system  is  popular  among  scientists.  For  pure  mensura- 
tion notliing  will  ever  be  able  to  compete  successfully  with  the 
two-foot  rule,  with  "  two  pints  make  one  quart,  four  quarts  make 
one  gallon,"  with  "  twelve  units  make  one  dozen,  twelve  dozens 
make  one  gross,"  etc.* 

10.  But  even  for  computative,  scientific  purposes  a  duodecimal 
system  of  both  measures  and  numbers  is  infinitely  to  be  preferred 
to  a  decimal  system  of  both  measures  and  numbers.  The  reasons 
are  these: 

(I)  For  Mensuration  the  advantages  are  as  just  stated. 

(II)  For  Computation  :  (a)  The  mental  burden  involved  in 
carrying  in  the  head  a  duodecimal  multiplication  table,  and  in 
performing  with  it  the  simplest  arithmetical  processes,  is  much 
less  than  with  the  decimal  system.  One  has  only  to  faithfully 
try  this  experiment  to  be  convinced. 

(b)  The  degree  of  accuracy  of  a  given  number  of  significant 
digits  is  much  enhanced.  Four  duodecimal  digits  possess  tAvice 
the  accuracy  of  four  decimal  digits;  six  possess  three  times  the  ac- 
curacy; nine  possess  five  times  the  accuracy.  This  means  twice 
the  accuracy,  for  a  given  effort,  in  all  engineering  calculations, 
and  from  three  to  five  times  the  accuracy  in  geodetic,  astronomical, 
and  physical  work  making  use  of  logarithms. 

11.  The  industrial  and  commercial  w^orld  has  already  emphat- 

*  Dr.  Mendenhall's  reply  to  this,  by  quoting : 

5^  yards are  1  pole. 

40  poles "   1  furlong. 

28  pounds "   1  quarter 

30^^  square  j^ards "  1  square  pole. 

40  square  poles "  1  rood,  etc., 

is  irrelevant.  Americans  make  no  appreciable  use  of  these  units.  Not  one  per- 
son in  a  thousand  knows  these  tables. 
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ically  pronounced  in  favor  of  division  by  twos  and  threes,  and  is 
daily  voicing  its  corroboration  of  this  opinion.  The  scientific 
world  has  emphatically  pronounced  itself,  not  in  favor  of  division 
by  tenths,  but  of  harmony  between  mensuration  and  notation. 
Confronted  by  these  two  facts  the  discussion  can  turn  upon  only 
one  pivot,  viz. : — Shall  the  industrial  and  commercial  worldgive  up 
(in  adopting  the  metric  system)  what  it  has  shown  that  it  cannot 
be  forced,  even  by  law,  to  do  without,  for  the  sake  of  granting  to 
the  scientific  world  what  the  latter  very  feebly  desires?  Shall 
the  scientific  world  obtain  its  desired  harmony  between  measures 
and  notation  (in  the  metric  system  enforced  by  law)  by  saddling 
upon  the  industrial  world  another  system  on  top  of  and  by  the 
side  of  the  one  wdiich  it  will  not,  cannot  abandon?  Or  shall  the 
scientific  world  gain  its  desired  harmony  between  measures  and 
notation,  and  at  the  same  time  gain  much  added  facility,  by  con- 
forming its  notation  to  the  duodecimal  system  of  measures  upon 
which  the  commercial  world  necessarily  conducts  its  daily  trans- 
actions? 

12.  It  has  been  urged  that  the  industrial  world  cannot  change 
to  the  metric  system  because  of  enormous  loss  of  investment 
in  tools,  etc.  It  is  to  be  said  in  reply  to  this,  with  truth  and 
force,  that  no  mere  value  of  investment,  even  if  it  be  greater  than 
the  metric  advocates  urge  that  it  is,  can  properly  constrain  so  mo- 
mentous a  decision.  But  the  question  goes  deeper  than  that.  It 
is  also  true,  on  the  other  hand,  that  not  even  the  boldest  disre- 
gard of  expense  can  hope  to  alter  the  inherent  human  preference 
for  halves,  thirds,  and  quarters  over  tenths;  and  no  mere  mone- 
tary gain,  however  imaginably  great,  could  counterbalance  the 
loss  of  human  efiiciency  due  to  the  repression  of  that  preference, 
could  it  be  accomplished. 

13.  On  the  other  hand,  the  scientific  world  could  change  over 
from  a  decimal  to  a  duodecimal  system  with  greater  ease  than 
could  any  other  portion  of  the  human  race  make  a  similar  change. 
Because 

(I)  It  is  intellectually  the  most  flexible.  I  have  tried  the  ex- 
periment of  learning  the  duodecimal  multiplication  tables  and  of 
temporarily  relying  upon  them  and  upon  duodecimal  notation 
for  all  computation.  In  spite  of  the  inevitably  frequent  and  dis- 
concerting contact  with  the  decimal  system,  in  three  days'  time 
duodecimals  were  easier  than  decimals.  I  insist  that  it  is  easier 
to  think  in  dozens  than  it  is  in  tens.     The  tables  for  2,  3,  4,  0,  8, 


RATIONAL  SOLL'TION   OF   I'llOliLKM   OT   WKItJllTS  AND   MKASIUES.      l^il 

and  1>  in  the  duodceinial  system  are  sinij)li{Mty  itself;  rndy  tliose 
for  2  and  T)  in  the  deeinial  system  cnn  he  (Mmijjarcd  with  them. 
The  obscure  tables,  where  memorization  alone  can  he  of  serviee, 
are  5  and  7  for  the  duodecimal  system;  the  corresponding  ones 
in  the  decimal  system  are  3,  4,  G,  and  7,  or  twice  as  many.  Thv. 
tables  for  S  and  i)  in  the  decimal  system  and  those  for  10  and  11 
(single  digits)  in  the  duodecimal  occupy  an  intermediate  position 
as  to  difficulty. 

(II)  The  cost  of  replacing  decimal  tables,  graduations,  etc.,  in 
observatories  and  laboratories  with  duodecimal  ones  would  be  no 
greater,  if  nearly  so  great,  as  that  of  altering  industrial  tools, 
graduations,  and  tables  from  the  present  octonal  or  duodecimal 
to  the  decimal  (metric)  sytsem.  When  it  is  remembered  that 
all  astronomical  work  involves  the  cumbrous  00:1  division,  for 
both  arcs  and  for  time,  it  is  debatable  whether,  w^ere  the  duodeci- 
mal logarithmic  and  other  tables  once  in  existence,  observers 
would  not  find  it  worth  while  to  translate  observations  from  In- 
struments where  the  graduations  remained  decimal  into  duodeci- 
mal records  before  computation,  rather  than  to  compute  them  in 
decimals. 

14.  The  question,  I  repeat,  is  not  one  of  possibility  of  change 
of  systems,  or  of  the  cost  of  change.  To  avoid  some  change  from 
the  present  intolerable  confusion  is  impossible.  On  the  other 
hand,  the  cost  of  any  change  whatever,  commensurate  with  the 
needs  of  the  situation,  w411  be  incalculable,  in  absolute  units,  and 
becomes  greater  each  day.  Only  as  a  comparison  betw^een  alter- 
nate methods  can  discussion  of  costs  and  gains  be  intelligent. 
Taken  up  in  this  way  such  discussion  can  lead  to  no  other  result 
than  the  choice  of  a  duodecimal  system  of  weights  and  measures 
harmonious  with  a  duodecimal  system  of  arithmetical  notation. 

15.  There  might  be  many  such  systems,  any  one  of  wliicli 
would  be  better  than  any  decimal  system.  To  render  the  propo- 
sition concrete,  however,  the  following  suggestion  of  an  outline 
for  a  system  is  offered. 

Duodecimal  Xumbers. 

The  digits  are  to  be  those  in  use  at  present:  1,  2,  3,  4,  5,  6,  7,  8, 

and  9,  with  the  addition  of  two  new  ones: 

6,  or  dek,  having  the  value  of  decimal  10,  and 
8,  or  eln,        "  "  "11. 

Both  of  these  characters  can  be  readily  and  rapidly  made  with 
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the  pencil,  in  a  form  not  to  be  confused  with  any  of  the  other 
digits  when  carelessly  made.  The  name  dek  is  drawn  from  the 
Latin  decern  ;  ein  is  an  abbreviation  of  eleven.  The  form  of  dek 
(&)  recalls  the  idea  of  the  decimal  10  with  which  the  idea  of  that 
number  of  anything  will  be  naturally  associated  by  the  present 
generation,  until  the  duodecimal  digits  sliall  have  become  second 
nature  by  repeated  use.  The  digit  8  is  similar  to  an  E;  thought 
of  as  the  initial  of  "  eln  '^  its  significance  is  easily  kept  in  mind. 

In  place  of  the  decimal  point  is  used  the  duodecimal  pair  of 
points.  This  is  in  itself  a  gain.  The  former  is  too  inconspicuous 
to  be  accurate.  Continental  practice  uses  the  comma  in  prefer- 
ence, and  frequently  relies  upon  a  different  font  of  type  for  the 
fraction  from  that  used  for  the  integers,  to  minimize  danger  of 
error.  When  the  duodecimal  notation  is  used  for  financial  pur- 
poses a  more  distinctive  mark  is  necessary,  to  prevent  fraud,  A 
wavy  vertical  line,  such  as  J,  or  any  similar  mark,  would  suf- 
fice. In  reading  the  following  pages  it  will  be  important  to  note 
the  presence  or  absence  of  this  pair  of  points,  distinguishing  the 
duodecimal  from  the  decimal  systems  of  notation. 

16.  From  these  premises  would  arise  the  following  notation: 

Note. — The  words  outside  the  parentheses  are  the  names  of  the  duodecimal 
numbers;  they  are  not  to  be  considered  as  abbreviations,  although  they  are 
phonetic  abbreviations  of  the  ideas  which  they  are  to  convey  and  which  are 
written  out  in  full  in  the  parentheses.  Thus,  the  word  "twodz"  which  is  derived 
from  "two  dozen,"  is  to  be  used  exactly  as  the  word  "twenty,"  which  is  a  cor- 
ruption of  "two  tens,"  is  used  in  the  decimal  system.  The  word  "doz"  is  to  be 
used  as  we  now  use  the  word  "  ten." 

20..  Twodz  (two  dozen). 

21..  T wodz-one  ( two  dozen  and  one) . 

22..  Twodz-two  (two  dozen  and  two). 

29 . .  T wodz-nine  (two  dozen  and  nine) . 

2&. .  Twodz-dek  (two  dozen  and  dek) . 

28. .  Twodz-eln  (two  dozen  and  eln). 

30..  Threedz  (three  dozen). 

31..  Threedz-one  (three  dozen  and  one). 

40..  Fourdz  (four  dozen). 

50..  Fidze  (five  dozen). 

60..  Sidz  (six  dozen). 

70..  Sedz  (seven  dozen). 

80..  Eighdz  (eight  dozen). 

90..  Nidze  (nine  dozen). 

60..  Dedz  (dek  dozen). 

80..  Endz  (eln  dozen). 

100..  One  GROSS. 

1000..  One  GREG  (one  great  gross). 


1 

One. 

2 

Two. 

3 

Three. 

4 

Four. 

5 

Five. 

6 

Six. 

7 

Seven. 

8 

Eight. 

9 

Nine. 

h 

Dek. 

8 

Eln. 

10.. 

Doz. 

11.. 

Doz-one. 

12.. 

Doz-two. 

13.. 

Doz-three. 

19.. 

Doz-nine. 

U.. 

Doz-dek. 

18.. 

Doz-eln. 
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In  fractions: 

0-.      1  =  one  dozt  (one  dozenth).  ^  =  one-half  =  0..6. 

()..  01  =  one  grost,  or  Olio  groat.  J  =  one-third  =  0..4. 

0..001  =  one  grcgt  or  one  gret.  \  =  one-quarter  =  0..3. 

=  one  divided  by  one  great  ^  =:  one-sixth  =  0..2 

gross.  i  =  one-eighth  =  0..16. 

17.  To  attempt  to  handle  this  notation  in  terms  of  the  familiar 
decimal  system  is,  of  course,  cumbrous  in  the  extreme.  In  liand- 
linc;  duodecimal  numbers  one  rule  is  fundamental  and  all-essential: 


•& 


Til  ink  in  Dozens  I  * 

It  is  an  existing  fact,  depending  not  at  all  upon  suppositious 
future  education,  that  the  ordinary  person  can  to-day  think  in 
dozens  more  easily  than  he  can  think  in  tens.  The  task  in  attain- 
ing familiarity  with  duodecimal  numbers  does  not  lie  so  much  in 
learning  the  duodecimals  as  it  does  in  forgetting  the  decimals. 
The  difficulty  is  found,  not  in  thinking  in  dozens,  but  in  also  writ- 
ing and  reading  dozens  duodecimally,  after  having  for  a  lifetime 
])erformed  the  much  harder  task  of  thinking  in  dozens  while  writ- 
ing and  reading  them  decimally. 

Duodecimal  Multiplication-Table. 


1 

2 

3 

4 

5 

6 

.  7 

8 

9 

6 

8 

10 

2 

4 

6 

8 

6 

10.. 

12.. 

14.. 

16.. 

18.. 

16 

20 

3 

6 

9. 

10.. 

13.. 

16.. 

19.. 

20.. 

23.. 

26.. 

29.. 

30 

4 

8 

10.. 

14.. 

18.. 

20.. 

24.. 

28.. 

30.. 

34.. 

38.. 

40 

5 

h 

13.. 

18.. 

21.. 

26.. 

28.. 

34.. 

39.. 

42.. 

47.. 

50 

6 

10.. 

16.. 

20.. 

26.. 

30.. 

36.. 

40.. 

46.. 

50.. 

56.. 

60 

7 

12.. 

19.. 

24.. 

28.. 

36.. 

41.. 

48.. 

53.. 

56.. 

65.. 

70 

S 

14.. 

20.. 

28.. 

34.. 

40.. 

48.. 

54.. 

60.. 

68.. 

74.. 

80, 

9 

16.. 

23.. 

30.. 

39.. 

46.. 

53.. 

60.. 

69.. 

76.. 

83.. 

90 

h 

18.. 

26.. 

34.. 

42.. 

50.. 

5i.. 

68.. 

76.. 

84.. 

92.. 

60 

8 

li.. 

29.. 

38.. 

47.. 

56.. 

65.. 

74.. 

83.. 

92.. 

61.. 

80 

0.. 

20.. 

30.. 

40.. 

50.. 

60.. 

70.. 

80.. 

90.. 

60.. 

80.. 

100. 

Duodecimal  Weights  and  Measures. 

18.  To  properly  develop  and  advocate  the  duodecimal  system 
of  numbers  would  fill  volumes.  Enough  has  been  said  to  furnish 
a  notation  for  an  illustrative  duodecimal  system  of  weights  and 
measures  and  to  show: 

*  Also  think  of  3,  4,  6,  8,  and  9  as  one-quarter,  one-third,  one-half,  two-thirds, 
and  three-quarters  of  a  dozen  respectively. 
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(1)  I  low  tlicy  would  liarnionizc.  with  cacli  other; 

(2)  IIow  they  mi^ht  be  made  to  harmonize  with  existing  units, 
tools,  standards,  habits,  etc. 

Note. — In  tho  tables  which  follow,  the  names  chosen  for  the  new  units  are  for 
illustrative  purposes  only.     Probal^ly  much  better  substitutes  could  be  devised 

Linear  Pleasure. 

First  and  foremost,  the  foot  and  the  inch  could  be  retained. 
Their  duodecimal  expression  would  substitute  for  the  inaccurate 
marks  (')  and  ("),  or  for  the  more  accurate  but  more  cumbrous 
substitutes,  ft.  and  in.,  simple  integers  for  feet  and  a  duodecimal 
fraction  of  a  single  digit  for  the  inches,  thus: 


Decimal. 

Duodecim 

1'  3" 

1..3ft. 

2  ft.  7|  in. 

2.. 76  ft. 

5ft.3iin. 

5..39ft. 

This  could  and  would  be  done  wherever  feet  and  inches  were  more 
convenient  than  other  units,  quite  parallel  to  and  consistently  with 
the  adoption  of  the  following  suggestion;  which  is  offered  because 
the  development  of  a  complete  duodecimal  system  from  the  foot 
as  a  basis  does  not  result  in  all  that  could  be  desired. 

19.  The  standard  unit  of  length  for  all  English-speaking  peo- 
ples is  the  yard.  Let  it  be  retained  as  the  base  for  the  new  duo- 
decimal system  of  weights  and  measures  quite  as  the  metre  is  the 
base  for  the  metric  svstem. 

The  standard  table  of  lengths  would  then  become: 

1  mile  =  1000..  yards      (=  1728  yards  =  5184  feet). 

1  yard  =  10..     trinches  (=  one  dozen  3-inch  lengths). 

1  trinch  =  10..  quarters  (=  one  dozen  quarter-inch  lengths). 

1  quarter  =  10.. groats    (one  groat  =  one  forty-eighth  of  an  inch). 

All  of  these  units  of  length  are  familiar  ones.  They  are  all 
exact  equivalents  of  present  units  except  the  new  mile,  which  is 
1.8  per  cent,  shorter  than  the  present  statute  mile.  But  the 
statute  mile  is  only  one  of  half  a  dozen  different  ones,  if  all 
civilized  countries  be  included.  Thus  the  present  nautical  mile 
varies  from  6,080  to  6,088  feet.  Taking  the  average,  the  new 
system  would  stand: 

1  nautical  mile   —  1,210..  yards. 
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Of  the  other  units,  the  vanl,  the  foot,  and  the  ineh  \vo\iM  lie 
used  as  at  present,  but  with  greater  facility.  The  irincli  (13 
inehes)  wouhl  j)r<d>al)ly  \tv  little  used  as  a  unit  of  length;  it  tit?' 
}>opular  needs  as  little  as  does  the  unit  decimetre.  The  (judrtrr, 
or  quarter-inch,  would  probably  become  the  standard  unit  for  all 
shop-measurements.  Very  few  machine  dimensions  would  run 
so  large  as  to  make  its  nimibers  cumbrous,  as  is  the  case  when 
the  millimetre  is  used;  very  seldom,  on  the  other  hand,   w<j\d<l 

n  Trinches  I  varH 
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O  ^^^^^  1ft.  2  ft.  3  feel 

Fig.  52. 

any  need  arise,  on  the  larger  work,  for  a  division  of  it  into  frac- 
tions. AVheu  such  need  dild  arise,  on  the  smaller  work,  the  stand- 
ard of  shop  fractions:  ^,  i^^,  ^V  inch,  etc.,  for  which  every  work- 
man carries  his  scale,  could  be  used  with  perfect  ease,  as  shown 
bv  the  table  below  and  bv  Fi^s.  52  and  53,  bv  means  of  which  he 
would  make  his  translations  bv  eve  instead  of  bv  mental  or  writ- 
ten  arithmetic. 

The  groat  would  t^ke  the  place  of  the  millimetre  and  the  hun- 
dredth of  an  inch.  It  is  closely  equal  to  half  a  millimetre 
(0.52916  mm.). 

20.  In  the  machine-shop  transition  to  the   new  system  could 

P       iGr-ooa-^  ts.  4       ,^678968        Itrinch 
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O  1  in.  3  in.  o  inches 

Fig.  53. — The  Standard  3-Ixch  Steel  Shop-Scale  under  the  New  System. 

be  made  without  the  slightest  change  or  expense  for  new  tools, 
etc.,  except  for  a  new  3-inch  steel  scale  graduated  like  Fig.  53 
for  each  machinist.  Xew  patterns  would  naturally  nm  on  new 
habits  of  dimensioning:  but  old  patterns  could  be  produced  with 
no  interference  whatever  with  the  new.  The  only  obstacle  to 
the  adoption  of  the  new  system  would  be  the  necessity  for  the 
learning  of  the  duodecimal  multi])lication-table  by  each  machinist, 
which  could  be  done  in  three  weeks  of  evenings. 

The  great  bulk  of  machine-work  relies  upon  units  no  smaller 

13 
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than  i\]  inch.  All  sucli  dinieiisioiis  are  ex])rcssible  in  (itiartcrs 
by  a  single  duodecimal  jdace.  The  same  number  of  digits  will 
express  one-third  of  one-sixteenth,  or  one  forty -eighth  of  an  inch; 
which  (liiiicnsion  would  ])robably  be  used,  in  all  future  work,  in 
place  of  the  sixty-fourth,  or  one-fourth  of  a  sixteenth,  of  an  inch. 
Thirty-seconds  and  sixty -fourths  recjuire  two  duodecimal  places. 
The  same  number  of  figures  will  express  divisions  to  5-}^,  or  one- 
ninth  of  one  sixty-fourth  of  an  inch. 

On  the  other  hand,  two  digits  before  the  duodecimal  points 
suffice  to  express  any  dimension  short  of  a  yard.  The  standard 
divisions  on  the  scales  now  in  use  in  the  shop  would  be  expressed 
as  follows : 


■1^  inch  =  0..6  quarter. 


I  inch  =3.. 6  quarter. 


16 

1 

32 

X 
64 

1 
1  2 

i 
84 

i 

48 


1 

3  2 

a 

64 


=  0..8 

:=0..16 

=  0..09 
==0..4 
=  0..2 

=:.0..1 

=  S.. 
=  1..6 
=  0.9 
=  0..46 
=  0..23 


1 

=  2. 

.6 

5 
16 

=  1. 

.3 

32 

=  0. 

.76 

eh 

=  0. 

.39 

7 

64 

=  0. 

.53 

9 
64 

=  0. 

.69 

11 
64 

■  =0. 

.83 

13 

54 

=  0. 

.99 

IS 
H4 

=  0. 

.83 

1  7 
64 

=  1. 

.09 

1  a 

k4 

=  1. 

.23 

etc. 


Until  the  duodecimal  multiplication  table  is  learned  these  figures 
seem  more  confusing  than  helpful.  But  even  without  that  prep- 
aration, let  any  shop  arithmetician  sit  dowm  to  these  duodecimal 
fractions,  thinlcing  only  in  dozens,  and  trace  their  relations;  he 
will  finish  with  a  strong  first  impression  of  the  facility  and  con- 
venience of  duodecimals. 

The  duodecimal  statement  of  these  same  fractions  in  terms  of 
an  inch  is  only  slightly  less  clear  and  facile  than  the  above. 
Thirty-seconds  and  sixty-fourths  require  three  duodecimal  places 
instead  of  two.  It  is  finally  to  be  remembered  that  these  duo- 
decimal expressions  for  the  familiar  vulgar  fractions  can  be  multi- 
plied, divided,  etc.,  more  easily  than  can  decimal  fractions — when 
once  the  duodecimal  multiplication  table  is  learned. 


Square  Measure. 

21.  Of  all  of  the  tables  of  measure,  square  measure  presents  the 
most  hopeless  aspect  to  the  American  reformer.  The  trouble  is, 
iiot  that  the  system  is  incapable  of  reform,  but  that  more  finished 
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work  lies  recorded  in  it  tlmn  in  any  other  measure.  The  great 
hnlk  of  the  icrritorv  h('l<»ni;inu"  to  tliis  iioxcrnnicnt  lias  been  sur- 
veyed, divided,  and  sold  by  the  square  mile,  section,  quarter-sec- 
tion, and  aere.  To  u])set  this  work  is  a  stupendous  ])roposition. 
It  is  now  more  tlnin  thirty-six  years  since  Congress  adopted  the 
metric  system,  including  its  land-measure,  yet  we  hear  less  to-day 
of  ares  and  hectares  than  we  did  then.  On  the  other  hand,  the 
initiative  in  any  change  of  measures  must  originate  with  the 
federal  government.  Should  the  nation  once  decide  that  change 
were  imperative  (which  is  the  supposition  upon  which  this  paper 
is  based),  probably  no  portion  of  the  task  would  find  itself  so  uni- 
fied in  control  and  so  quickly  accomplished  as  the  alteration  of  the 
government  land  records. 

22.   A  duodecimal  system  based  upon  the  yard  naturally  results 
in  a  system  of  square  measure  something  like  the  following :  * 

^  12  3  4  5 


1  rniie. 


furlongs. 

Eacli  of  thoso  squares  is  a  dacre. 

Each  side  of  one  of  these  squares  measures  60..     yards. 

Table. 

1  square  mile       -  6  furlongs  square. 

=  30..     square  furlongs  (3  doz.  furlongs). 
=  400..     dacres  (4  gross  of  duodecimal  acres). 
=  1,000.000..     square  yards. 

1  square  furlong  =  4  dacres  square. 

=  14..     dacres  (one  dozen  and  four  dacres). 
=  40,000..     square  3'ards. 

1  dacre  =  60..     yards  square  (6  dozen  yards  square). 

=  3,000..     square  yards  (3  gr.  gross  of  sq.  yds). 

1  square  yard      =100..     square  trinches. 

1  square  trinch    =100..     square  quarters. 

1  square  quarter  =  100..     square  groats. 


1     -• 
mile, 


1  squard  yard      =  9  square  feet. 

1  square  foot        =14..     square  trinches. 

=  100..     square  inches  (9  X  14.. 

i  square  inch       =14..     square  quarters. 
=  1,400..     square  groats. 


=  100..). 


*  To  appreciate  the  figures  it  must  be  remembered  that,  duodecimally, 
4  squared  =  1..4;  that  is,  one  dozen  and  four.  Similarly,  the  square  of  6  is 
30..,  or  3  dozen  (threedz). 
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.  .23.  All  of  the  above  units  larger  than  the  yard  depart  suffi- 
ciently from  the  present  units  so  that  interchange  would  have 
to  be  formal  and  revolutionary.  The  duodecimal  square  mile  is 
3.7  per  cent,  smaller  than  the  present  square  statute  mile,  the  pro- 
posed linear  furlong  is  31  per  cent.,  and  the  square  furlong  is  71 
per  cent,  greater  than  at  present,  and  the  dacre  is  7.1  per  cent, 
greater,  or  has  a  side  3.5  })cr  cent,  longer,  than  the  acre.* 


Volumetric  Measure. 


24.  The  proposed  duodecimal  units  of  volume  are  the  standard 
cnbicyard,  the  cubic  irinch,  and  the  cubic  quarter. 


TABLE. 

1  cubic  yard  —1,000..  cubic  trinches. 
1  cubic  trinch  =1,000..  cubic  quarters. 
1  cubic  quarter  =1,000..     cubic  groats. 

1  cubic  yard  =  23..     (two  dozen  and  three)  cubic  feet  (23.,     =  the  cube  of  3). 
1  cubic  foot  r=  54..     (five  dozen  and  four)  cubic  trinches  (54..     =  the  cube  of  4). 
=  1,000..     cubic  inches  (23..      x  54..     =1,000..     ) 


For  both  dry  and  liquid  measure  the  proposed  duodecimal  units 
.ire : 

(I)  The  trinh,  or  cubic  trinch,  a  cube  measuring  3  inches  on  an 
edge ; 

(II)  The  duodecimal  gallon  of  180..  (216)  cubic  inches,  a  cube 
measuring  6  inches  on  an  edge.     Thus : 

*  No  idea  of  the  simplicity  of  the  above  system  can  be  gotten  by  a  glance  at 
these  figures  without  having  learned  the  duodecimal  multiplication  tables.  Thus, 
to  divide  3,000,  one  of  the  numbers  of  the  table,  by  14,  another  of  them,  w^eie  they 
both  decimal  numbers,  would  be  cumbrous  and  would  lead  to  an  interminable 
fraction.  But  when  both  are  duodecimals  the  task  is  one  of  short  division,  viz. : 
14..  I  3,000.. 

230..  "  Doz-four  (one  dozen  and  four,  or  one  and  one-third  dozen) 
goes  into  threedz  (three  dozen)  twice;  carry  four.  Fourdz  (four  dozen)  contains 
doz-four  three  times." 
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TABLE. 


Dry  Measure. 


Liquid  Measure. 


1  hogshead  =  8  cubic  feet  (a  cube  2  feet  long  on  each  edge). 
—  54..     gallons  (54..      =  the  cube  of  4). 
=  3G8..     trinks  (3G8..     ^  the  cube  of  8). 

1  barrel        =  4  cubic  feet  (4  =  2  x  2x   1). 

=  28..     gallons  (28..     -4x4x2). 
=  194..     trinks  (194..     =8x8x4). 

1  bushel        =8  gallons       :=  1  cuhic  foot  (=  2  gallons  cubed). 
=  14..     quarts  =  54..     trinks  (=  4  trinks  cubed). 

1  peck  =  2  gallons       =  \  cubic  foot. 

=  8  quarts. 
=  14..     trinks. 

4  quarts         =  1  gallon       =  8  trinks  (a  cube  6  inches  long  oh  each  edge). 

1  quart  =  1  quart        =  2  trinks  (a  rectangular  solid  3"  x  3"  x  f/'). 

1  pint  =  1  trink         =23..     cubic  inches  (a  3-inch  cube). 

=  1,000..     cubic  quarters. 
=  1,000,000..     cubic  groats. 


25.  The  proposed  hogshead  contains  64  (54..)  of  the  proposed 
gallons,  as  against  63  present  gallons  in  the  present  hogshead; 
but  as  the  proposed  gallons  are  6|  per  cent,  smaller  than  the  pres- 
ent United  States  standard  gallon,  the  proposed  new  hogshead 
and  barrel  are  5  per  cent,  smaller  than  at  present.  The  proposed 
new  quart,  bushel,  and  peck  are  also  6J  per  cent,  smaller  than  at 
present,  and  the  trink  is  the  same  proportion  smaller  than  the 
present  pint.     One  trink  =  0.44245  litre. 


Measures  of  Weight. 

26.  The  proposed  duodecimal  unit  of  w^eight  is  that  of  one 
trink,  or  cubic  trinch,  of  distilled  water  at  the  temperature  of 
maximum  density.  Such  a  cube  w^ould  weigh  0.97538  pound,  or 
about  2^  per  cent,  less  than  1  pound  avoirdupois.  Let  it  be  called 
a  poid. 
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TABLE. 

1  (new)  ton  =  tlio  weight  of  one  cubic  yard  of  distilled  water. 
=  1,000..     poids  (one  great  gross  of  poids). 

1  poid  =  the  weight  of  1  3-inch  cube  of  water. 

=:  10..     dozts  (dozenths  of  a  poid,  or  duodecimal  ounces). 

1  dozt  =  10..     parts  (duodecimal  substitutes  for  the  drachm). 

1  pai  t  =  10. .     gregts  or  grets  (of  a  pound) . 

=  2  duodecimal  pennyweights,  (1  p'wt  =:  6  grets). 

1  gret  =  the  weight  of  a  quarter-inch  cube  of  water. 

=  4  (new)  grains. 
=  200..     pennyweights. 

1  poid  =  1,000..     grets. 

1  pint  =  4,000..     new  grains. 

=  20..      (24)  grains,  as  at  present. 


Ill  this  table  the  dozt  is  just  30  per  cent,  greater  than  the  present 
avoirdupois  ounce,  or  21.5  per  cent,  greater  than  the  Troy  ounce; 
but  as  ounces  are  not  a  standard  measure  of  weight,  but  are  used 
solely  as  convenient  fractions  of  a  pound,  this  discrepancy  mat- 
ters little.  The  'part  is  19  per  cent,  less  than  the  apothecaries' 
drachm.  The  proposed  duodecimal  pennyweight  and  the  new 
grain  are  each  just  1.27  per  cent,  greater  than  their  existing 
standard  counterparts.  The  proposed  new  ton  is  15.7  per  cent, 
less  than  the  present  short  ton,  or  24.8  per  cent,  smaller  than,  or 
almost  exactly  three-quarters  of,  the  present  long  ton.  Consider- 
ing, however,  that  in  addition  to  these  two  tons  we  already  have 
in  regular  use  several  sizes  of  marine-registry  tons,  the  miner's 
ton,  and  a  few  more  such  odd  ones,  not  to  mention  the  metric 
tonne,  it  hardly  appears  that  there  is  an  existing  standard  from 
which  to  depart.  The  convenience  of  having  the  ton  the  weight 
of  a  cubic  yard  of  water  far  overbalances  any  objection  to  change 
from  existing  methods. 

[In  the  presentation  of  the  paper  before  the  Society  the  author 
here  refered  to  a  wall-chart,  electrotype  of  which  is  appended  as 
Fig.  54,  displaying  the  comparative  amounts  of  work  involved  in 
calculating  the  cubic  contents,  in  the  several  units  of  volume  and 
weight,  of  a  rectangular  tank  24  feet  llf  inches  long  by  21  feet 
11^  inches  wide  by  5  feet  2^J  inches  deep,  filled  with  water 
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The  left-hand  ])<>rtion  of  tlic  clinrt  cxliihils  the  present  nie(li<)<l, 
the  ri^ht-hnnd  tlie  nietliod  l)v  the  ])r(>|)()se<l  system.  It  was  nut, 
nriicd  that  this  probh'in  was  a  lypieal  or  eoninion  one  in  engineer- 
lUiX  work;  hnt  its  awkward  association  of  hir^-e  and  small  nnits  in 
the  dimensions  l)rin<2:s  ont  graphically  the  mental  savini;'  to  he 
expected  in  all  computation,  which  is  the  only  ar<j;nmen1   in  favor 
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of  the  metric  svstem  which  has  been  sufficiently  cojrent  to  insure 


its  adoption,  viz.,  in  scientific  work.] 


Money. 

27.  If  our  arithmetical  notation  and  our  standard  weights  and 
measures  unite  in  becoming  purely  duodecimal  in  character  the 
monetary  system  is  bound  to  follow\  This  proposition  is  not  so 
revolutionary  as  would  at  first  sight  appear.  The  standard  of 
value,  the  dollar,  and  all  of  its  unit  representations  w^ould  remain 
unchanged.  All  bills  of  ^ve  dollars  or  higher  denomination  would 
naturally  be  called  in  and  their  equivalent  issued  in  denominations 
of  three,  six,  nine,  doz,  gross  dollars,  etc.  But  this  process  could 
be  as  gradual  as  desired.  Under  duodecimal  notation  ^ve  and 
ten-dollar  bills  would  be  inconvenient,  but  they  would  be  useable. 

As  to  coins,  the  half-dollar  and  quarter-dollar  would  remain 
unchanged.  The  dime,  the  nickel,  and  the  cent  would  have  to 
be  retired.  In  their  place  would  be  issued  fractional  currency 
under  the  following  plan : 


1  dollar  =  10..  bits  (one  dozen  bits  of  8^  cents  value  eachV 


1  bit       =10..  groats. 


1  groat  =  10..  grets  (for  purposes  where  the  mill  is  now  used). 
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Tlie  probable  coins  would  be: 

The  silver  half-dollar          =  Obits  =  GO.,  groats  (=  50  cents); 

The  silver  quarter-dollar    =3bits  =  30..  "       (=  25     "    ) 

The  silver  6i7                       =  1  bit    =10..  "       (=    8^  "    ) 

The  nickel /iaZ/-6/«                              =   6  "        (=    4^  "     ) 

The  copper  quarter-bit  piece             =3  "       (=  2/;?  cents); 

The  copper  groat  (=  0.7083  cents.) 

28.  Aside  from  its  duodecimal  advantages,  this  schedule  pre- 
sents two  minor  points  of  advantage  over  the  present  decimal  one: 

(I.)  Change  for  a  quarter  could  ordinarily  be  had  in  a  single 
convenient  denomination — that  is,  in  three  silver  bits,  whereas 
now  it  requires  two  denominations,  dimes  and  nickels,  to  make 
it.  (The  practical  objections  to  relying  upon  nickels  alone  for 
changing  quarters  are  obvious.) 

(II.)  The  progress  of  business  toward  finer  margins  and  lower 
prices  is  steadily  making  the  cent  too  large  for  many  retail  trans- 
actions. The  smaller  value  of  the  groat  harmonizes  with  this 
need. 

29.  But  any  complete  comparison  between  the  two  systems 
must  amount  to  the  fact  that  we  should  never  perceive  any  con- 
scious difference  in  using  the  new  system,  although  its  economy 
of  time  and  effort  would  be  there  nevertheless.  The  period  of 
novelty  due  to  its  introduction  would  be  less  than  that  experienced 
by  an  American  using  British  money  for  the  first  time.* 

30.  This  completes  the  list  of  essential  measures  to  be  affected 
by  the  fancied  revolution.  From  it  will  be  plain  that  a  line  of 
progress  is  open  before  us  which  will  accomplish  the  following 
results : 

(a)  Harmony  between  the  systems  of  measures  and  of  nota- 
tion, w^hich  is  all  that  the  metric  system  has  to  offer; 

*  Therein  is  suggested  another  palpable  opportunity  for  advance.  The  Amer- 
ican five-dollar  piece,  the  British  pound  sterling,  the  German  twenty-mark  piece, 
and  the  French  24-franc  value  ought  to  be  made  equivalents.  Then  we  should 
have: 


American. 

British. 

German. 

French. 

5  dollars 

= 

1  pound       = 

20  marks 

= 

24  francs. 

1  dollar 

— 

4  shillings    = 

4  marks 

= 

4.80  f. 

3  bits 

= 

1  shilling      =r 

1  mark 

= 

1.20  f. 

Ibit 

= 

4  pence         = 

= 

40  c. 

3  groats 

= 

1  penny       = 

= 

10  c. 
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(h)  Greater  facility  in  computation,  which  is  what  the  scientitic 
world  especially  desires; 

(r)  Division  of  units  by  twos  and  hy  threes,  wliich  is  what  the 
people  especially  desire,  for  they  cannot  live  without  it; 

(d)  A  large  measure  of  consistency  with  existing  standards,  it 
being  absolute  and  accurate  in  linear  measurements  and  so  closely 
approximate  in  weights  and  measures  of  volume  as  not  to  appre- 
ciably disturb  popular  conceptions; 

(r)  Possibility  of  a  o-radual  transition  from  one  system  to  the 
other,  not  without  great  cost,  but  without  catastrophe. 

Thus,  as  to  this  last,  all  English-s})eaking  ])eoples  ought  long  ago 
to  have  united  in  making  the  standard  gallon  contain  216  cubic 
inches,  or  a  cube  measuring  6  inches  on  an  edge.  The  standard 
pound  ought  to  be  the  weight  of  a  pint  of  distilled  water  at  maxi- 
mum density.  The  ton  ought  to  be  a  cubic  yard  of  the  same. 
These  changes  can  be  undertaken  to-day,  to  an  advantage  well 
worth  any  disturbance  they  might  create,  whether  any  duodeci- 
mal system  of  numbers  be  contemplated  or  not.  And  yet,  when 
these  things  are  once  done  it  will  appear  that  the  bulk  of  the  cost 
of  the  adoption  of  duodecimal  notation,  to  the  industrial  world, 
at  any  rate,  has  already  been  overcome. 

DISCUSSION. 

Jf/\  John  D.  Rnjcffi. — Our  present  system  of  feet  and  inches 
for  linear  measurement  with  inches  divided  into  halves,  quarters, 
eighths,  sixteenths,  thirty-seconds  and  sixty-fourths  is  just  a  little 
inconsistent.  If  we  can  compare  a  dimension  of  say  a  sixteenth 
of  an  inch  with  the  inch  as  our  unit,  and  get  a  clear  conception 
of  its  magnitude,  then  why  can  we  not  compare  the  inch  unit 
with  a  dimension  of  fifteen  inches  and  avoid  the  use  of  the  foot 
altogether?  In  practice  does  not  a  man  come  to  know  the  value 
of  a  sixteenth  of  an  inch  as  a  unit,  and  should  not  this  unit  have 
a  better  name  than  it  now  has?  When  this  unit  gets  the  name 
that  is  due  it  the  sixty-fourth  can  be  read  as  a  quarter  of  a  six- 
teenth of  an  inch,  and  the  millimetre  will  not  seem  so  small 
when  compared  with  this  old  unit  with  a  new  name. 

The  proposed  system  based  on  the  number  12  seems  to  be  very 
fortunate,  in  that  it  brings  in  the  factor  3  just  often  enough  to 
sut>'o:est  a  new  unit-name,  and  thus  avoid  such  fractions  as  thirty- 
seconds  and  sixtv-fourths.     But  as  the  substitution  12  for   10 
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eliiniDates  the  objectionable  feature  of  the  metric  system,  why 
not  base  this  system  on  the  standard  metre  instead  of  the  yard  ? 
Dividing  the  metre  into  12  parts  we  get  a  unit  about  equal  to  the 
width  of  a  scliool-boy's  hand,  and  for  the  present  we  may  call  it 
a  (metric)  hand,  dividing  this  again  by  12  we  get  a  dimension 
nearly  equal  to  the  diameter  of  the  ordinary  round  lead-pencil, 
and  wdiich  we  may  call  a  pencil.  Dimensions  smaller  than  this 
might  be  expressed  as  fractions. 

Some  will  ask,  why  make  a  change  to  the  metre  and  not  get 
the  metric  sj^stem  after  all  ?  But  if  in  making  this  change  we 
can  anticipate  the  next  one  and  thus  make  the  two  changes  as 
one  and  avoid  most  of  the  confusion,  we  will  have  gained  a 
point.  If  the  second  change  should  never  be  made  by  the  other 
nations,  we'will  still  be  based  on  the  same  standard,  and  our  sub- 
divisions will  have  a  very  simple  relation  to  theirs. 

After  all,  the  thing  we  are  after  is,  in  my  opinion,  to  be  able 
to  comprehend  dimensions  and  measurements.  That  system  is 
best  which  will  enable  designers  and  workmen  to  comprehend 
what  stated  dimensions  represent. 

Mr.  George  W.  Colles. — This  paper  is  something  more  than  an 
admirable  summing-up  of  the  present  status  of  the  Weights  and 
Measures  question,  and  a  step  forward.  It  is  a  step  forward  in 
the  right  direction,  and  I  can  say  with  truth,  that,  of  the  scores 
and  dozens  of  schemes  for  new  Aveio^hts  and  measures  systems 
which  have  been  proposed,  and  many,  if  not  most,  of  which  I 
have  seen,  this  is  the  very  first  of  Avhich  that  can  be  said.  I  do 
not  say  it  is  the  first  '^  rational  solution"  of  the  problem,  but  is 
certainly  the  most  rational  solution  that  has  yet  been  proposed, 
and  therefore  well  deserves  its  title. 

Some  years  ago,  I  had  the  honor  to  present  to  this  Society  a 
paper  which,  though  bulky,  was  yet  incomplete,  for  while  part 
of  the  paper  was  devoted  to  the  history  of  weights  and  measures, 
the  remainder  was  devoted  to  the  objections  to  the  metric  sys- 
tem, and  having  finished  this  part  of  the  work,  I  found  it  neces- 
sary, on  account  of  the  magnitude  of  the  work,  to  postpone  a 
special  consideration  of  the  duodecimal  system  of  weights  and 
measures  until  another  time.  Nevertheless,  as  was  pointed  out 
in  that  paper,  and  as  the  title  of  the  paper  itself  implies,  the 
special  consideration  of  the  duodecimal  system  itself  and  its  pos- 
sibilities was  merely  postponed.  The  sequel  to  that  paper  which 
I  then  had  in  my  mind  and  which  I  have  had  in  my  mind  ever 
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since,  was  to  outline  a  scheme  of  improvement  on  precisely  the 
same  lines  as  that  proposed  by  Professor  lieeve.  As  I  have 
never  found  an  opportunity  to  undertake  this  myself,  it  is  witli 
very  great  i)leasure  that  1  see  that  it  has  been  undertaken  by 
some  one  else  and  at  a  critical  juncture,  because  it  is  evident  that, 
in  order  to  stem  the  tide  which  has  apparently  set  in  favor  of 
the  metric  system  in  many  circles,  it  is  necessary  to  give  a  serious 
consideration  to  our  own  present  system,  which  is  evidently 
capable  of  great  amelioration. 

As  Professor  Iveeve  has  taken  up  the  task  and  presented  a 
rational  scheme  of  improvement,  I  believe  it  will  not  be  without 
interest  to  outline  in  a  general  way  my  own  ideas  on  this  sub- 
ject, which  were  obtained  largely  during  a  consideration  of  the 
historical  matter  on  the  subject  of  w^eights  and  measures  and 
which  enabled  me  to  arrive,  though  by  a  somewhat  different 
path,  at  almost  identical  conclusions  with  his  own.  My  investi- 
gation of  past  historv  shows  that  it  is  not  the  case  that  our  pres- 
ent congeries  of  independent  measuring  units  are  in  fact  inde- 
pendent of  one  another,  and  merely  selected  at  random  without 
reference  to  their  mutual  relation.  The  fact  that  Professor 
Reeve  has  been  enabled  to  work  out  so  admirable  and  well-fittino^ 
a  system  from  our  present  units  has  its  raison  cfetre  mainly  in 
the  fact  that  he  has  unconsciously  returned  to  the  original  rela- 
tions which  these  measures  bore  to  each  other.  The  mass  of 
evidence  on  this  point  is  very  great,  and  could  it  all  be  presented 
together,  Avould  hardly  fail  to  be  convincing.  While  I  speak  at 
present  wholly  from  memory,  I  think  I  can  safely  lay  dow^n  the 
following  as  among  the  mutual  relations  of  our  weights  and 
measures : 

1.  The  gallon  was  210  cubic  inches,  or  one-eighth  of  a  cubic 
foot.  Our  present  gallon  of  2?A  cubic  inches  is  an  anomaly,  like 
all  the  rest,  brought  about  by  ill-advised  legislation  on  a  false 
basis. 

2.  The  pint  was  a  cube  of  three  inches  on  an  edge,  or  what 
Professor  Reeve  calls  a  ''trink.-'  It  naturally  follows  that 
8  pounds  make  a  gallon,  and  Gi  pounds  or  pints  a  cubic  foot. 

3.  The  bushel  was  2,160  cubic  inches  (U.  S.  standard  bushel 
=  2,150.48  cubic  inches),  that  is  to  say,  w^as  10  gallons,  or  1^ 
cubic  feet.  The  raison  d^etre  of  the  bushel  is  that  it  is  an  equiva- 
lent in  weight  of  wheat  to  the  gallon,  that  is  to  say,  a  bushel  of 
icheat  weighs  approximately  the  same  as  a  cubic  foot  of  water , 
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or  G4  pounds.  JN'ot  exactly,  perhaps;  but  the  approximate  ratio 
of  4:5  between  the  specilic  gravity  of  wheat  and  water  (or  rather 
wheat  and  wine,  the  two  chief  articles  of  commerce)  was  so 
convenient  for  ordinary  measurements,  that  it  was  adopted  here 
as  in  a  number  of  other  cases,  some  of  which  were  referred  to  in 
my  paper  before  mentioned. 

4.  It  should  be  remarked  that  tliere  was  at  some  time  a  special 
measure  of  one  cubic  foot  for  liquids,  though  what  it  was  called 
at  various  periods  is  uncertain.  It  was  called  amphora  by  the 
Romans  and  was  the  universal  measure  of  capacity  in  bulk,  as, 
for  instance,  in  measuring  the  displacement  of  ships. 

5.  The  ton  (formerly  the  same  as  tun)  was  formed  by  doubling 
and  redoubling  upwards  from  the  gallon,  forming  the  intermediate 
measures  of  the  barrel  and  hogshead,  and  the  ton,  therefore,  was 
32  cubic  feet  (?i6'25  one  cubic  yard),  or  2'^  =  2,048  pounds  (or  pints). 
The  figure  2,000  is  a  corruption  assumed  for  convenience  in  cal- 
culation by  the  decimal  system,  but  it  spoils  the  harmony  of  the 
original  system. 

6.  The  mile  as  a  lineal  measure  is  an  anomaly,  and  not  a  part 
of  the  original  system,  being,  as  its  name  denotes,  ^'millepas- 
sus,"  i.e.^  one  thousand  double  paces  of  five  feet  each,  therefore 
partly  founded  on  an  independent  base  (the  natural  pace)  and 
partly  on  the  decimal  system. 

Y.  Neither  does  it  appear  that  the  yard  is  a  part  of  the  orig- 
inal system,  but  this  was  a  Teutonic  measure  which  was  grafted 
on  subsequentl\\  Therefore,  so  far  as  concerns  Professor  Eeeve's 
coincidences  in  duodecimals  between  the  yard,  mile,  and  quarter 
inch,  they  are  purely  accidental.  The  foot  w^as  the  actual  stan- 
dard of  the  ancient  system  as  it  is  in  all  civilized  countries  to-day, 
while  the  yard  or  its  equivalent  is  limited  to  a  few,  and  has  but 
comparatively  limited  application.  The  foot  is  still  used  to  the 
exclusion  of  the  yard  in  the  great  majority  of  cases,  and  has  been 
from  the  first  divided  into  12  inches,  144  lines  and  1,T28  points 
— therefore  strictly  on  the  duodecimal  system. 

8.  The  above  considerations  are  sufficient  at  least  to  show  that 
the  units  of  the  ancient  metrological  system  were  strictly  co-ordi- 
nate one  with  another,  although  the  subdivisions  and  multiples 
of  these  units  were  not  strictly  duodecimal,  but  on  the  contrary 
partly  duodecimal  and  partly  octonary.  Most  of  these  points 
are  referred  to  incidentally  in  my  paper  before  mentioned. 

While  I  have  no  thought  of  the  desirability  of  returning  to 
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a  system  merely  because  it  is  ancient,  still  it  is  my  firm  belief 
that  it  will  prove  far  easier  to  return  to  the  original  system  than 
to  undertake  a  new  dei)arture  to  exhibit  relati(jns  between  units 
Avhich  are  entirely  foreign  to  it  and  merely  accidental. 

It  a])pears  also  from  this  standpoint,  that  while  i*i'ofessor 
Reeve  is  stricth^  correct  in  saying  that  we  should  long  ago  have 
adopted  a  standard  gallon  containing  21G  cubic  inches,  he  falls 
into  error  in  making  a  hus/iel  equal  to  one  cubic  foot,  or  8  gal- 
lons, instead  of  1\  cubic  feet,  or  10  gallons,  which  it  approxi- 
mately is,  and  which  would  amount  to  an  extremely  small  and 
comparatiyely  unnoticeable  departure  from  the  i)resent  bushel, 
and  consequently  also  in  its  subdivisions.  Professor  lieeye  is, 
of  course,*welcome  to  retain  the  cubic  foot  as  a  dry  measure,  but 
he  must  not  call  it  a  bushel.  Similarly  the  proposal  to  call  a 
measure  of  1,728  pounds  a  tcm  not  only  does  unjustifiable  yio- 
lence  to  the  proper  relations  (with  respect  to  which  a  2,000-pound 
ton  is  much  more  proper),  but  he  also  departs  far  too  widely  from 
our  present  ton  to  avoid  an  intolerable  confusion.  There  is  no 
ton  now  of  less  than  2,000  pounds,  and  while  a  measure  equal  to 
three-quarters  of  the  present  long  ton  or  metric  ton  may  be  con- 
venient, it  must  not  be  called  a  ton. 

Perhaps  I  may  be  permitted  to  add  to  the  already  very  excel- 
lent setting-forth  of  the  matter  in  Professor  Reeve's  paper  a  few 
general  considerations  on  the  question  of  altering  weights  and 
measures. 

1.  The  first  question  to  be  considered,  when  a  proposal  for 
metric  reform  is  made,  is,  shall  we  sweep  away  altogether  the 
old  units  and  replace  by  new  ones,  or  shall  we  amend  and  im- 
prove the  old  system  ?  And  in  so  amending,  is  it  better  to  retain 
only  the  basic  units  for  the  different  quantities,  or  shall  we  make 
small  and  insignificant  changes  as  far  as  possible  in  the  special 
subdivisions,  so  that  they  shall  accord  with  one  another  on  the 
system  we  propose  ?  Experience  shows  the  difficulty,  nay  almost 
impossibility  and  worse  than  uselessness  of  attempting  the  first 
course.  The  very  first  principle  to  be  laid  down  is  to  adopt  the 
very  fewest  new  units  possible,  and  the  second  is  that,  where 
they  are  adopted,  they  must  be  commensurate  with  the  old.  As 
to  making  small  changes  in  secondar}^  units  and  calling  the 
changed  units  by  the  same  names,  great  objections  have  been 
offered  owing  to  the  confusion  necessarily  engendered  as  to  ex- 
actly what  is  meant  by  a  name,  yet,  on  the  whole,  I  think  this 
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is  far  less  an  evil  than  tlie  introduction  of  an  absolutely  new  and 
discordant  system,  and  far  less  dangerous  than  the  introduction 
even  of  new  units  which  accord  more  or  less  with  the  existing 
ones. 

2.  Not  less  a  ])oint  for  consideration  is  that  the  proposed  re- 
form must  be  capable  of  being  adopted  gradually,  little  by  little 
and  piece  by  piece,  and  not  by  any  sudden  and  revolutionary 
change,  of  Avhicli  the  metric  system  is  a  perfect  example,  and 
which  has  the  result  of  merely  introducing  discord,  which  it 
never  replaces  or  drives  out.  Now  Professor  Reeve's  plan  is 
just  such  a  system  as,  contrary  to  the  metric  system,  may  be 
adopted  little  by  little  and  with  the  least  ])ossible  violence  to 
popular  uses  and  customs,  though  undoubtedly  requiring  the  aid 
of  a  certain  amount  of  legislation.  It  is  not  by  any  means  neces- 
sary that  it  should  all  be  adopted  to  secure  the  improvement  of 
the  present  system,  but  the  adoption  of  any  part  by  itself  will 
improve  the  system,  leaving  the  question  of  the  adoption  of  a 
further  part  optional  at  any  time  in  the  future.  Nor  is  it  neces- 
sary that  all  the  proposed  units  be  adopted  precisely  as  outlined 
by  Professor  Reeve;  but  this  should  be  the  subject  of  considera- 
tion by  a  commission  of  highly-skilled  metrologists  of  the  prin- 
cipal English-speaking  nations  before  anything  is  done,  if  that 
be  possible;  although  I  do  not  mean  to  say  I  Avould  disfavor  a 
single  well-considered  step  by  the  United  States  Government 
alone,  as  international  commissions  are  so  seldom  fruitful  of 
results. 

3.  As  to  the  proposed  duodecimal  notation,  I  must  admit  that 
is  a  question  I  have  never  seriously  considered.  Such  a  system 
has  been  proposed  before  by  many  mathematicians  and  even 
actually  used.  That  it  is  actually  easier  when  once  learned  is  be- 
yond a  doubt,  and  yet  it  is  equally  true  and  more  important  to 
note  that  the  decimal  system  is  so  deeply  and  universallj^  rooted 
in  the  mind  of  man,  that  it  would  be  nearly  impossible  to  eradi- 
cate. I  feel  that,  while  scientists  ma}^  use  this  to  advantage  if 
they  do  not  come  into  contact  with  the  decimal  system,  yet  the 
latter  would  introduce  such  confusion  in  their  thoughts,  that 
they  would  find  themselves  perforce  compelled  to  abandon  the 
former.  It  seems  to  me,  in  fact,  that  even  Professor  Reeve  has 
underrated  the  difficulties  of  making  a  change,  as  history  proves 
that  people  hold  on  to  their  units  with  a  firmness  that  nothing 
can  shake,  albeit  such  firmness  is  nothing  after  all  but  a  mere 
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(lead  resistance  of  a  ma<^nitu(le  practically  insuperal)le   Uy   tin- 
legislator. 

4.  As  to  money,  our  present  unit  has,  of  course,  no  actual 
ivlation  whatever  to  any  metrolo<^ical  system,  old  or  new.  Pro- 
fessor Reeve's  division  of  the  dollar  is  therefore  ])urely  arliitrar}^ 
and  in  so  far  objectionable;  although  that  it  would  be  more  con- 
venient than  the  ])resent,  goes,  of  course,  without  saying.  A 
good  instance,  however,  of  the  point  last  referred  to,  as  to  the 
difficulty  of  changing  units,  is  that  suggested  by  him  in  the 
aj)j)ro.i'hnate  equivalents  of  the  American  half-eagle,  the  Jh'itish 
])ound,  the  German  20-mark  piece,  and  the  French  24-franc 
value,  which,  of  course,  by  all  common  sense  ideas,  ought  to  have 
been  nnified  long  ago,  but,  as  a  matter  of  fact,  this  has  been 
tried  and  given  up  as  a  hopeless  task,  as  no  agreement  between 
the  different  nations  concerned  could  be  reached.  The  l>ritish 
nation,  for  instance,  would  undoubtedly  be  very  glad  to  have 
the  United  States,  Germany  and  France,  change -M^^Z/Minits  to 
correspond  with  the  pound  sterling,  l)ut  they  themselves 
would  not  be  willing  to  change  the  value  of  the  pound  hj 
the  twentieth  part  of  one  poor  scruple,  as  has  been  shown  by 
the  aofitation  for  decimal  currencv  and  on  other  occasions  in 
Great  Britain.  As  well  might  it  be  tried  to  agree  upon  a  com- 
mon language. 

5.  One  of  the  greatest  objections  to  the  svstem  proposed,  not 
only  of  duodecimal  notation  but  of  duodecimal  weights  and  mea- 
sures, is  the  introduction  of  new  words.  The  experience  with 
the  metric  system  showed  what  an  insuperable  prejudice  the 
popular  mind  has  to  such  innovations.  This  must  be  counted 
among  the  apparently  unavoidable  accompaniments  of  any  im- 
portant change  in  weights  and  measures. 

In  conclusion  let  me  say  that  I  do  not  think  this  question 
should  be  treated  lightly  or  apathetically.  There  is  no  valid 
reason  why  the  Committee  on  Coinage,  Weights  and  Measures 
of  Congress  should  continue  to  grind  out,  year  after  year,  the 
same  old  bulletins  and  the  same  Aveather-Avorn  arguments  in 
favor  of  the  metric  system,  and  bills  to  make  it  compulsory. 
Could  sufficient  interest  be  aroused  on  the  other  side  of  the  ques- 
tion, and  this  Committee  be  got  to  even  consider  the  amend- 
ment of  our  present  system  in  a  rational  manner,  there  is  at  least 
no  doubt  but  that  a  much  greater  advantage  would  accrue  to  the 
public.     The  fact  that  hundreds  of  men,   clubs,  societies  and 
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other  bodies  can  be  got  to  endorse  the  metric  system  in  a  general 
way,  or  to  cite  points  in  its  favor,  as  in  the  recent  symposium 
called  for  by  the  Franklin  Institute,  seems  at  first  disheartening 
to  those  of  us  wlio  believe  we  see  its  defects;  yet  they  are  in  fact 
of  little  more  importance  than  the  popular  endorsement  of  a  pat- 
ent medicine,  because  vevy  few  of  such  persons  as  have  endorsed 
it,  however  able  in  their  special  department  in  life,  have  ever 
given  tlie  question  of  Aveights  and  measures  and  notation  a  seri- 
ous and  prolonged  consideration.  The  fact  that  they  cite  the 
decimal  divisions  as  the  great  advantage  of  the  metric  system, 
whereas  in  fact,  they  are  the  supreme  objection  to  it,  shows  fairly 
Avell  that  this  is  the  case.  I  only  wish  that  more  of  our  practi- 
cal scientists  could  be  got  to  try  the  duodecimal  system,  espe- 
cially with  its  accompanying  notation,  as  Professor  Reeve  has 
done. 

Ifr.  II.  11.  Sicplee. — In  the  first  place  I  wish  to  congratulate 
Professor  Peeve  on  the  good  work  that  he  has  done.  I  think 
the  applause  which  greeted  him  showed  that  many  of  the  audi- 
ence agreed  in  some  of  his  points,  at  least.  The  only  remark  I 
wish  to  make  now  is  to  call  attention  to  the  fact  that  a  some- 
what similar  system  was  prepared  a  number  of  years  ago  by  the 
veteran  John  W.  Nystrom,  only  that  he  based  his  upon  16  in- 
stead of  upon  12.  The  system  was  worked  out  at  short  length 
in  his  well-known  '^  Engineers's  Pocket  Book,"  although  I  be- 
lieve it  has  been  left  out  of  the  recent  editions,  and  I  think  he 
prepared  a  complete  arithmetic  on  that  s^^stem  and  also  used  it 
in  his  treatise  on  ''Steam  Engineering."  I  think  his  work  in 
that  direction  was  brought  to  a  close  by  his  death  rather  from 
any  change  of  opinion  on  his  part.  He  continued  to  be  an  advo- 
cate of  it  to  the  end,  and  I  think  that  Professor  Reeve  has  taken 
up  that  branch  of  the  work  in  an  excellent  manner,  and  I  hope 
will  carry  it  through. 

So  far  as  the  workman  in  the  shop  is  concerned,  it  does  not 
matter  very  much  what  systeiyi  he  uses,  since  he  must  work 
mainly  to  gauges  anyhow.  The  dimension  for  him  is,  and  should 
be,  merely  the  name  for  the  gauge,  Avhether  it  is  in  the  decimal 
or  duodecimal  system  is  a  inatter  of  minor  importance. 

Professor  Heeve. — I  should  like  to  know  a  little  more  definitely 
than  I  have  yet  discovered  what  is  the  verdict  of  the  Societ}^ 
upon  this  proposition.  To  make  it  of  any  value  to  the  profes- 
sion it  must  be  raised  from  the  level  of  a  suggestion,  wliere  it 
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now  stands,  to  a  condition  where  it  can  be  tried,  u[)on  a  iim- 
itod  scale  at  least.  Tluit  means  a  largo  amount  of  decidedly 
tedious  labor.  \  have  had  no  time  to  undertake  that.  I  have 
liad  no  basis.  F  do  not  feel  that  I  now  have  anv  basis  for  doin^r 
it.  If  there  is  no  general  opinion  u])on  the  part  of  the  profession 
that  progress  in  this  line  is  valuable  as  well  as  ])ossible,  it  is 
hardly  worth  either  my  while  or  that  of  any  one  else  to  ])re])ar(^ 
those  tabulations  of  a  numerical  sort  which  are  essential  to  tlu^ 
first  trial  of  the  plan.  I  will  not  say  that  I  shall  not  some  day 
undertake  the  task,  but  I  certainly  shall  not  do  it  immediately, 
and  I  should  feel  very  little  like  looking  forward  to  it  if  there  is 
no  general  ex])ression  of  a])proval.  I  ^vould  ask,  rather  as  a  per- 
sonal favor,  that  there  be  either  approval  or  disapproval  in  so 
far  as  there  can  be. 

Mr.  Wilfred  Lewis. — I  would  like  to  ask  Professor  Keeve 
whether  he  could  not  give  us  a  comparative  statement  of  the 
relative  merits  of  this  system  which  he  proposes  on  the  system 
referred  to  by  Mr.  Suplee,  in  which  16  was  taken  as  a  base  instead 
of  12 — whether  there  are  not  advantages  in  favor  of  16  which 
do  not  apply  to  the  duodecimal  system? 

Professor  Reeve. — The  reply  is  simply  that  the  history  of  the 
world,  as  Herbert  Spencer  puts  it,  has  shown,  by  the  survival  of 
the  fittest,  that  when  a  man  wishes  to  divide  a  thing  he  first 
divides  it  by  2.  If  the  division  by  2  results  in  too  large  a  quan- 
tity, he  next  divides  by  3.  If  the  division  by  3  results  in  too 
large  a  quantity,  he  divides  by  4.  By  that  time  the  point  where 
simple,  easy  division  is  carried  on  by  the  eye  or  by  esthnate  has 
been  surpassed.  Beyond  that  it  does  not  make  much  difference 
whether  divisions  run  by  5,  6  or  7,  or  what  they  are;  but  to 
leave  out  the  factor  3  would  cut  us  off  from  two  things:  in  the 
first  place  a  very  valuable  division,  smaller  than  a  half  and  larger 
than  a  quarter,  and  which  appears  very  prominently  in  this  mul- 
tiplication-table when  you  come  to  analyze  it.  That  is  the  3d; 
or  4  units  on  the  basis  of  2  parts.  Secondly,  we  have  got  to 
adhere  to  present  standard  units  of  length.  I  think  that  nearly 
all  of  us  are  agreed  on  that,  and  the  present  standard  of  length 
is  the  foot  and  the  inch.  The  factor  3  enters  in  everywhere  until 
we  subdivide  the  inch ;  then  only  do  Ave  adhere  to  the  binary 
division.  At  any  rate,  the  foot  and  the  inch  and  the  yard  are 
inseparably  connected  with  the  factor  3. 

Mr.  F.  A.  Halsey. — I  woud  like  to  ask  Professor  Reeve  regard- 
14 
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ing  the  feasibility  of  using  the  two  systems  conjointly  through  a 
long  period  of  time,  for  therein,  it  seems  to  me,  is  the  funda- 
mental difficulty.  I  do  not  suppose  there  is  any  one  who  has  given 
this  subject  any  serious  attention  who  is  not  convinced  of  the 
advantages  of  the  duodecimal  sN^stem.  I  suppose  the  actual,  tangi- 
ble advantages  of  that  system  compared  with  the  imaginary  ad- 
vantages of  the  metric  system  would  stand  in  the  ratio  of  possibly 
100  to  1,  certainly  10  to  1.  I  think  that  Professor  Reeve  makes 
the  same  mistake  as  the  metric  advocates  in  assuming  the  chief 
difficulty  to  lie  in  learning  to  think  in  the  new  system.  It  seems 
to  me  that  the  chief  difficulty  lies  in  the  fact  that  our  system  of 
notation,  like  our  system  of  weights  and  measures,  is  '^  tied  irre- 
vocably^ to  the  past."  What  I  mean  is  that  our  numerical  rec- 
ords of  all  kinds,  regardless  of  nationality,  geography,  language 
or  age,  are  all  based  upon  the  number  10,  and  it  seems  to  me 
that  to  introduce  this  change  would  introduce  confusion  that 
would  last  for  a  thousand  years.  That  would  be  the  case,  unless 
the  two  systems  could  be  used  conjointly. 

Professor  Reeve. — In  reply  to  that  I  would  say  that  I  antici- 
pate that  at  the  start,  certainly,  and  for  a  long  time  probably, 
they  would  be  used  conjointly.  The  place  where  they  would  be 
used  first  would  be  the  drafting-room.  Draftsmen  are  slaves 
anyway,  and  they  would  have  to  adopt  the  system  if  they  were 
told  to  do  so.  If  the  drawings  had  to  be  labeled  in  duodecimal 
units,  then  the  draftsmen  would  soon  find  it  most  convenient  to 
compute  in  duodecimals;  but  I  can  easily  imagine  a  drafting- 
room  in  which  the  men  are  not  required  to  do  that;  in  other 
words,  where  they  would  use  decimals  for  the  attainment  of 
these  duodecimals,  until  they  found  it  easier  to  do  the  opposite. 
For  instance,  they  would  say:  ^'  Seven  times  8  is  56,  and  56  is 
4  dozen  and  8;"  they  would  then  put  down  the  -I  and  the  8. 
They  would  continue  to  do  that  until  they  got  tired  of  doing  it, 
finding  it  easier,  as  I  very  promptly  did,  to  think  in  dozens  and 
to  say:  "  Seven  times  8  is  4  dozen  and  8,"  as  mechanically  as 
one  now  says,  "  7  times  8  are  56." 

In  the  shop  the  transition  would  be  much  more  gradual.  The 
machinist  needs  to  know  very  little  about  any  change  in  units. 
He  uses  exactly  the  same  units,  the  same  gauges,  he  uses  the 
same  dimensions  in  everything.  He  uses  this  lower  side  of  his 
rule  (pointing  to  the  lower  scale  of  Fig.  53)  which  he  now  uses, 
just  as  long  as  he  finds  it  easier  than  to  use  the  upper  scale. 
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AVbou  tlie  shop-draw  ill  <^s  come  in  w  itli  a  (lijiiension  stilted  in  the 
new  units,  he  j)icks  it  out  by  reading  3,  0,  9,  etc.,  on  the  new 
scale,  except  that  the  new  scale  is  simpler.  At  the  end  of  thij^ 
process  he  linds  that  he  luis  arrived  at  one  of  his  old-fashioned, 
familiar  dimensions.  AVhen  he  finds  it  easier  to  work  to  3,  0,  0 
directly,  witliout  translation  into  the  old  scale,  he  will  do  it;  but 
he  can  do  either.  Any  man  in  the  shop,  as  I  imagine  it,  can 
take  his  choice  between  the  duodecimal  way  of  handling  the  old 
measures,  or  the  old  way  of  handling  the  old  measures,  which- 
ever way  is  the  easier.  I  do  not  anticipate  the  new  unit  becom- 
ing in  any  way  a  fixed  standard.  Men  would  probably  slowly 
acquire  the  habit  of  thinking  in  quarter  inches  instead  of  think- 
ing in  inches,  but  in  the  meantime  the  length  would  be  the  same 
and  the  tool  would  be  the  same.  The  3-inch  length  I  do  not 
anticipate  becoming  active  in  shop-measurements,  except  in  one 
way:  Tapers  are  always  stated  as  so  mucli  to  the  foot.  In  the 
new  combined  scale  those  ratios  may  appear  and  be  used  either 
as  inches  to  the  foot,  as  in  the  old-fashioned  scale,  or  as  trinches 
to  the  yard,  or  as  quarter  inches  to  the  trinch.  The  taper  may 
be  marked  off  and  set  in  sixteenths  or  in  these  new  marks,  or  in 
any  other  way.  The  lengths  are  the  same,  the  proportions  are 
the  same. 

The  transition  to  better  methods  by  any  duplication  of  systems 
will  undoubtedly  bring  in  confusion  and  error;  but  duplication 
is  absolutely  unavoidable  if  any  progress  is  to  be  made.  It  seems 
to  me  that  the  confusion  and  error  in  the  method  proposed  would 
be  exceedingly  small.  In  other  words,  the  price  paid  would  be 
exceedingly  small,  as  compared  Avith  any  other  possible  outlook 
away  from  the  present  system. 

Mr.  liaise  I/. — I  asked  the  question  in  the  sense  of  numerical 
calculations  and  records  rather  than  in  the  sense  of  measure- 
ments. Imagine  a  bookkeeper  to  have  made  the  change  in  his 
books.  How  much  confusion  would  result  from  his  references 
to  the  old  books  in  the  old  system,  from  his  constant  receipt  of 
bills,  price  lists,  etc.,  from  those  who  had  not  made  the  change, 
and  from  the  necessity  of  his  making  out  bills  in  the  old  system 
for  those  who  could  not  read  them  if  made  out  in  the  new.  It 
seems  to  me  that  for  a  long  period  of  time  we  must  all  have  an 
equal  facility  in  the  use  of  both  systems,  and  that,  unless  this  is 
possible,  the  change  is  impossible. 

3I/\  Reeve. — In  the  dollars  it  would  make  no  difference  what- 
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ever.  In  the  cents  it  would.  He  would  have  to  translate  the 
cents. 

Mr.  Ilalsey. — Do  you  rely  upon  the  double  dechnal  point  to 
distinguish  in  whicli  system  a  sum  of  money  is  expressed? 

Professo}'  Reeve. — Not  in  monetary  transactions;  I  would  not. 
A  man  could  then  easily  raise  his  clieck  by  simply  putting  on  a 
double  decimal  point.  But  it  is  easy  to  substitute  a  mark  in 
monetary  transactions  which  could  not  so  easily  be  changed. 
But  where  the  two  duodecimal  points  were  relied  upon  I  see  no 
probability  of  greater  error  therefrom  than  now  occurs  from 
reliance  upon  a  single  decimal  point. 

As  for  other  computations,  the  man  in  the  drafting-room 
chooses  either  side  of  the  chart  (Fig.  54).  He  can  compute  in  the 
old  measures  and  simply  translate  his  final  result  into  the  new 
one,  which  is  a  compromise  process;  or  he  can  accept  the  new 
system  and  calculate  by  the  method  shown  on  the  right-hand 
side  of  the  sheet.  Of  course,  while  he  is  taking  his  choice  and 
using  both  systems  at  once,  there  will  be  a  number  of  mistakes. 
I  might  say,  however,  that  in  preparing  that  chart,  which  was 
prepared  rather  hurriedl}^,  the  first  computation  develo])ed  three 
mistakes;  but  they  were  all  on  the  old  system,  on  the  left-hand 
side  of  the  line.  While  carrying  out  the  duodecimal  multiplica- 
tion at  the  same  time  that  I  was  handling  the  decimal  numbers, 
as  you  see,  there  was  no  mistake  in  the  duodecimal  multiplica- 
tion. Within  the  first  week  that  you  try  half  a  dozen  times, 
half  an  hour  at  a  time,  to  multiply  and  divide  duodecimals,  you 
will  realize  that  it  is  very  much  easier  to  think  in  dozens  than 
in  tens.  It  is  easier  and  more  accurate.  You  will  have  to  take 
my  word  for  that. 

Mr.  McGill. — I  would  like  to  ask  Professor  Reeve  how  he  would 
change  that  scale  (Fig.  53)  into  thousandths  ?  There  are  lots  of 
us  who  do  not  use  64th s,  not  once  in  a  week,  as  a  rule. 

Professor  Peeve. — The  thousandth  seems  to  be  a  unit  by  itself. 
Whenever  the  machinist  works  to  a  thousandth  he  does  not  stop 
at  a  thousandth.  It  is  not  accurate  enough  for  that  kind  of 
work,  and  when  he  needs  a  fraction  of  a  thousandth  that  frac- 
tion is  not  a  ten-thousandth.  He  does  not  work  to  so  many 
thousandths  and  then  three  ten-thousandths  over,  for  instance. 
He  works  to  so  many  thousandths,  half -thousandths,  or  quarter- 
thousandths.  The  words  "a  thousandth"  is  a  unit.  So  long 
as  that  unit  is  used  I  do  not  think  that  there  would  be  any  par- 
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tic'ular  beiiclit  in  ti'viii*^-  to  transhite  it  into  thc^  new  system.  Jf 
the  drawings  were  stated  in  that  way  and  the  <^auges  wen?  inad<* 
in  that  way,  they  would  he  used  in  that  way.  In  screw-threads 
tliere  would  be  no  c'han«^e  whatever.  They  are  stated  so  nianv 
])er  inch.  The  inch  we  can  handle  as  well  in  this  new  system  as 
we  do  now.  The  new  substitute  for  the  thousandth  of  an  inch, 
as  new  drawing's  come  in,  would  be  found  in  the  second  duodeci- 
mal place,  considering  the  quarter-inch  as  the  standard  unit. 
The  second  duodecimal  place  beyond  the  (piarter-inch  is  ^J^- 
of  a  quarter-inch,  or  7, 1^,  of  an  inch,  or  one-ninth  of  a  sixty- 
fourth  (see  Fig.  53).  Now  the  576th  of  an  inch  is  accurate 
enough  for  nearly  all  fine  work — not  so  line  as  to  need  fractions 
of  a  thousandth — and  you  get  that  degree  of  accuracy  with  no 
more  figures  than  are  needed  to  express  either  thirty-seconds  or 
sixteenths.  But  if  greater  accuracy  be  needed,  the  use  of  another, 
or  third,  duodecimal  place  permits  the  expression  of  dimensions 
as  fine  as  one-twelfth  of  the  oTOth  just  mentioned,,  or  about  seven 
times  as  fine  as  the  thousandth  of  an  inch ;  and  I  think  it  will  be 
admitted  that  very  little  machine-shop  Avork  goes  any  finer  than 
that.  Moreover,  to  remind  one  of  how  frequently  the  advan- 
tages of  duodecimal  notation  crop  out,  if  a  man  had  been  work- 
ing to  the  second  duodecimal  place  from  the  quarter-inch,  either 
in  shop  or  drafting-room,  and  finds  that  he  needs  greater  fine- 
ness, he  is  not  compelled  to  either  limit  himself  to  halves  or 
fifths,  as  he  is  in  using  thousandths,  or  else  add  a  vulgar  fraction 
on  the  end  of  a  long  decimal  fraction ;  instead,  the  third  duodeci- 
mal place  permits  him  to  work  to  halves,  thirds,  quarters  or 
sixths  of  his  last  smallest  unit  without  incurring  vulgar  fractions. 
So  that  in  a  shop  where  thousandths  were  used  the  new  system 
would  offer  a  more  convenient  parallel  which  Avould  soon  drive 
the  other  out.  But  in  so  far  and  so  long  as  thousandths  were 
used  I  should  not  contemplate  any  attempt  at  handling  them  on 
the  new  system.     They  simply  would  gradually  die  out  of  use. 

Mr.  CoUes'  -  suggested  idea  that  the  coincidences  Avith  ex- 
isting units  of  weight  and  volume  which  developed  from  the 
foundation  of  a  duodecimal  system  upon  the  existing  units  of 
length  was  something  more  than  a  coincidence,  had  already  im- 
pressed itself  upon  the  author  during  his  investigation  of  the 
question,  and  had  been  orally  discussed  with  some  of  his  friends. 

♦Author's  closure,  under  the  Rules. 
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]]ut  the  argument  to  be  drawn  therefrom  did  not  seem  to  be 
sufficiently  defined  or  cogent  to  warrant  its  inclusion  in  the 
])aper.  Tt  is  nevertlieless  of  great  interest,  and  Mr.  Colles'  able 
presentation  of  it  from  the  historical  standpoint  is  valuable. 

As  to  the  author's  suggestions  regarding  a  new  bushel,  or  sim- 
ilar new  modfications  of  old  nnits,  as  of  the  new  names  suggested 
for  the  numerals,  they  were  included  merel}^  as  illustrations,  to 
render  the  proposition  concrete.  In  approaching  this  entire  sub- 
ject one  cannot  avoid  being  impressed  with  the  utter  futility  of 
attem])ting  to  accomplish  any  real  progress  by  proving  by  argu- 
ment that  any  particular  system  is  so  good  that  every  one  ought 
to  adopt  it.  Tlie  only  proposition  which  can  attain  universal 
adoption  is  one  so  simple  and  concrete,  carrying  such  patent 
advantages,  that  each  individual  who  meets  it  may  adopt  it  with 
profit,  without  Avaiting  for  others  to  realize  its  advantages.  Such 
a  proposition  is  that  for  dividing  the  3-inch  scale  duodecimally 
and  using  corresponding  duodecimal  arithmetic  in  the  drafting- 
room — or  such  a  proposition  it  would  be  were  the  necessary  acces- 
sories in  shape  to  be  laid  before  the  Society  or  the  public.  They 
could  be  produced  at  much  less  cost  of  effort  and  mone}^  than  has 
already  been  expended  upon  many  similar  projects  which  failed. 
But  until  they  are  produced  the  topic  must  remain  in  the  form 
of  a  suggestion  only.  But  in  such  a  suggestion  it  is  not  only 
proper,  it  is  necessary,  to  point  out  that  the  adoption  of  the  first 
few  steps,  for  the  sake  of  their  immediate  convenience,  would 
not  land  the  pioneer  at  a  dead-end,  out  of  touch  with  other  sys- 
tems and  unable  to  keep  near  his  fellows  without  retracing  his 
steps,  but  would  open  before  him  additional  opportunities  for 
convenient  modification  of  existing  units  into  consonance  with 
what  he  had  already  done,  when  he  felt  that  they,  too,  offered 
advantages  fit  to  warrant  the  change. 

Thus,  as  to  the  new  ton,  if  it  be  supposed  that  duodecimal 
notation  has  been  adopted  within  a  certain  community  (which 
might  consist  of  a  single  shop  or  circle  of  shops,  such  as  this 
country  now  has  several  of),  the  alternative  lies  before  it  of  either 
calling  the  present  short  ton  1,138..  (=  2,000)  lbs.,  and  the  pres- 
ent long  ton  1,3G8..  {=  2,210)  lbs.,  or  of  making  use  of  the 
duodecimal  1,000..  lbs.  as  a  new  unit.  So  long  as  outsiders  using 
the  old  system  are  in  the  majority,  it  will  pay  to  do  the  first, 
translating  from  decimal  to  duodecimal  numbers  by  the  transla- 
tion-tables which  must  be  relied  upon  so  long  as  both  systems 
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aiv  in  use.     Finally,  liowovcr,  it  must  prove  to  l)o  moro  con  sen 
iont  to  use  the   1, nod. .-lb  unit,  and   for  it  tiieii  will   he;  found  a 
name.      Whether  this  unit  be  smaller  or  lar^rer  than  what  would 
seem  to  be  an  idi^al  size  for  a  ton  will  have  nothintr  to  do  with 
the  final  result.  * 

As  to  the  author's  suggestion  as  to  what  abbreviations  of  the 
duodecimal,  or  ''dozenal,"  numbers  miHit  be  the  result  of  loniz' 
use,  he  would  sav  that  he  has  ah-eadv  found  i-easou  to  reirret 
having  made  it.  The  non-technical,  and  to  a  certain  extent  the 
technical,  press  has  seized  upon  these  strange  names  as  constitut- 
ing the  core  of  the  idea.  The  author,  in  what  use  he  has  made 
of  duodecimal  numbers,  has  never  found  reason  to  depart  from 
the  simple  names  of  "four  dozen  and  eight,"  etc.  They  carry 
an  already  familiar  idea  in  an  only  slightly  strange  manner,  and 
are  very  readilv  ado}:)ted  and  understood. 
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BY  BARTHOLOMEW  VIOLA,  BROOKLYN,  N.   Y. 

(Member  of  the  Society.) 

1.  The  author  does  not  wish  to  consider  the  theoretical  part  of 
these  machines,  but  to  describe  the  main  construction  and  the  de- 
tails as  used  at  the  present  time.  The  familiar  principle  of  cen- 
trifugal force  of  rotating  masses  is  used  for  the  purpose  of  sepa- 
rating juices,  liquids,  etc.,  from  solids,  and  also  to  separate  liquids 
of  different  specific  gravities  from  each  other,  or  to  clarify  dull 
liquids  by  separating  from  them  the  contained  inert  matter. 
When  such  mixtures  are  placed  in  a  drum  or  kettle,  and  rotated 
rapidly,  every  particle  will,  of  course,  tend  to  move  outward  with 
a  force  expressed  by  the  well-known  formula  C  =  w^  Wr,  which 
indicates  that  the  force  is  proportional  to  the  squares  of  the  angu- 
lar velocity  and  the  distance  from  the  axis  of  rotation,  and  also 
to  the  weight  of  the  respective  substances.  Consequently  fluids 
will  escape  from  the  drum  if  there  is  opportunity  and  solids  will 
remain. 

2.  The  case  of  removing  moisture  from  fabrics  is  very  simple, 
as  the  material  may  be  w^ound  about  an  axis  and  fastened  by  a 
cord,  so  that  while  the  moisture  will  fly  off  from  the  swift  rota- 
tion, the  web  will  be  held.  For  the  separation  of  uncompacted 
masses,  such  as  rough  sugar  or  chemical  crystals,  a  drum-shaped 
vessel  open  at  the  top,  and  manufactured  of  the  best  steel,  brass, 
or  bronze,  with  holes  in  the  cylindrical  walls,  is  usually  used,  the 
axis  of  the  drum  being  set  vertical.  "When  rotated  the  liquid  will 
pass  through  the  holes  and  flow  down  on  the  inner  surface  of  an 
outside  containing  shell,  whence  it  may  be  collected.  For  filter- 
ing impure  liquids,  the  basket  is  lined  with  some  porous  material, 
which  will  allow  the  liquid  to  pass  through  but  hold  back  the  solid 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV".  of  the 
Transactions. 
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particles,  but  this  method  of  filtering  is  little  used,  as  the  porous 
material  soon  clogs  and  has  to  be  renewed. 

3.  Driving  is  usually  accomplished  by  a  belt  or  direct-coupled 
motor,  and  may  be  arranged  either  above  or  below  the  basket. 


<=f=f} 


In  those  where  the  driving  mechanism  is  above  the  basket,  there 
is  always  a  possibility  that  oil  may  drop  in  and  contaminate  the 
material,  but  it  is  usually  a  more  convenient  form  to  arrange.  A 
strong  brake  should  always  be  provided  for  stopping  quickly,  and 
the  basket  should  be  strongly  mounted  and  carefully  balanced  so 
that  the  centre  of  gravity  may  always  be  in  the  axis  of  rotation. 
If  this  is  not  the  case  the  vibration  would  soon  destrov  the  w^hole 
machine,  and  the  same  result  may  be  produced  if  materials  are 
centrifugated,  wdiich  will  not  form  a  homogeneous  layer  of  even 
thickness  on  the  inside  of  the  basket.     The  speed  of  the  machine 


CENTRIFUGAL    MArillXF.S    AM)    TIIKTU    I'SKS. 


210 


c:onorally  (Icjx'nds  on  tlic  sizo  oi  tlic  basket  and  on  tlio  niatorial 
to  be  separated.  A  Hiihl  basket  can  be  rnn  at  a  higher  speed  than 
a  heavy  one,  and  in  t»'eneral  a  basket  24  inehes  in  diameter,  earrv- 
ing  a  load  of  170  jxtunds,  can  nm  safely  at  \JA)i)  revolntions  jjcr 
minnte,  while  one  CO  inches  in  diameter,  and  witli  a  load  of  1,000 
])onnds,  can  only  make  GOO  revolutions. 

4.  The  typical  construction  for  American  and  English  ma- 
chines is  of  the  Weston  system,  over  and  under-driven  types  being 
sh(>\vn  in  Figs,  55  and  50.     In  both  forms  the  principle  of  the  re- 


FiG.  57. 

volving  pendulum  is  used,  the  basket  being  allowed  to  oscillate 
within  certain  limits,  thus  balancing  itself  and  reducing  the  power 
required  to  drive  the  machine  to  a  minimum  amount.  In  the 
European  machines  of  Fig.  57  the  axis  is  supported  by  a  spherical 
bearing,  so  that  the  entire  machine  can  accommodate  itself  like  a 
spinning  top,  but  is  held  from  too  violent  motion  by  a  collar  bear- 
ing provided  with  a  rubber  buffer  and  tension  rod. 

5.  The  construction  of  the  most  important  part  of  a  self-bal- 
ancing centrifugal  machine,  the  Weston  spindle,  is  shown  in  Fig. 
55,  5  is  a  strong  bracket  or  block,  bolted  to  the  overhead  beam; 
C  is  a  spherical  bearing  resting  upon  the  block  B,  and  in  turn 
supporting  the  steel  spindle  ^S";  on  the  upper  end  of  the  spindle  is 
a  rubber  buffer,  C^,  held  in  place  lightly  by  a  nut  on  the  upper 
end  J  at  the  bottom  is  a  special  form  of  step-bearing,  E,  which 
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carries  the  outside  revolving  spindle.  The  pulley  P  is  fixed  upon 
the  outer  spindle,  and  the  lower  part  forms  the  brake  block,  while 
at  the  bottom  of  the  outer  spindle  is  a  flange  which  carries  the 
basket.  The  hollow  portion  of  the  outer  spindle  serves  as  an  oil 
chamber,  so  that  the  bearing  11  runs  in  a  bath  of  oil,  which  is 
drawn  out  when  necessary  by  means  of  a  plug  at  the  bottom. 

Fig.  56  illustrates  the  Weston  spindle  for  an  under-driven  ma- 
chine, and  at  the  same  time  shows  the  arrangement  when  water 
power  is  used,  as  the  driving  is  done  by  a  Pelton  wheel,  ^2.  The 
india-rubber  buffers  are  used  to  allow  the  spindle  to  swing  slightly, 
and  thus  conform  its  centre  of  gravity  to  its  centre  of  rotation. 
These  spindles  require  periodical  adjustment  and  tightening, 
which  has  often  been  a  laborious  task,  involving  the  dismantling 
of  the  machine  in  order  to  get  at  the  nut  which  compresses  the 
buffer  on  the  top.  Witli  the  new  type  of  machine  the  nut  is  placed 
below  the  buffer  at  g,  and  is  turned  by  a  small  pinion,  i,  which 
gears  with  a  flange  on  the  nut. 

6.  The  arrangement  of  the  Pelton  wheel  for  the  latest  over- 
driven type  of  machine  is  shown  in  Fig.  58,  which,  however,  has 
recently  been  altered  by  placing  the  nozzles  to  180  degrees  from 
each  other  in  order  to  balance  the  thrust  of  the  jets.  The  method 
of  driving  which  is  most  suitable  depends  upon  the  class  of  w^ork 
for  which  the  machine  is  to  be  used.  For  the  manufacture  of 
fine  sugars  and  similar  uses  the  basket  may  be  fully  charged  at 
full  speed,  and  will  give  a  uniform  fitness  of  material  all  around 
the  basket ;  but  if  coarse  or  low-grade  materials  are  to  be  handled, 
the  speed  must  be  gradually  attained,  three  or  four  minutes  being 
taken  in  reaching  maximum  velocity,  because  either  the  charge 
will  not  distribute  itself  evenly,  or  with  low  sugars,  which  are 
heavier  than  the  molasses  or  liquors  which  it  is  desired  to  remove, 
the  solid  part  of  the  charge  will  pack  against  the  outside  of  the 
basket,  and  the  liquids  will  have  great  difficulty  in  passing  through. 
By  coming  to  speed  gradually  the  liquors  w^ill  begin  at  once  to 
leave  the  basket,  and  will  thus  keep  the  wall  porous.  For  the 
former  class  of  work,  therefore,  belt  driving  from  a  main  shaft 
will  answer  admirably,  but  for  the  latter  some  form  of  individual 
motor,  such  as  the  water  wheel  of  Fig.  56,  the  direct-coupled  en- 
gine of  Fig.  5,  or  the  belted  engine  of  Fig.  60  should  be  used. 

Y.  European  machines  are  largely  of  the  under-driven  type,  and 
the  best  were  those  of  Albert  Fesca  or  Fesca's  principles,  such  as 
shown  in  Fig.  57.    It  is  plain  that  a  properly  constructed  centrifu- 
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gill  iiiacliinc  sliouJcl  be  so  balanced  that  there  will  be  no  pull  on  the 
axis  or  on  the  support  in  consequence  of  the  rotation,  and  that  the 
only  side  thrust  will  be  due  to  the  mptive  power.     Even  if  a  ma- 
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chine  be  balanced  when  empty,  the  centre  of  gravity  may  leave 
the  geometrical  line  of  the  axis  when  working  with  materials 
which  do  not  distribute  themselves  evenly,  and  this  will  produce 
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an  unbalanced  centrifugal  force,  causing  vibration  which  increases 
with  increase  of  speed,  and  maj'  become  so  violent  as  to  wreck  the 
whole  machine.  For  this  reason  the  greatest  care  should  be  u^ed 
in  the  handling  of  such  machinery,  as,  even  when  made  of  the 
best  material,  it  is  liable  to  explode,  and  in  anv  case  the  powxT 
required  to  drive  it  will  be  much  increased.     This  driving  power 


Fig.  61. 


when  at  full  speed  is  not  great  for  a  well  balanced  machine,  but 
is  very  considerable  during  the  period  of  starting  and  during  the 
period  when  a  load  is  being  run  in;  great  care  should  be  taken, 
tliei^efore,  never  to  overload  a  machine,  and  the  basket  when 
made  of  steel  plate  should  have  the  edges  welded  throughout  their 
length,  never  riveted.  As  a  safeguard  every  machine  is  pro- 
vided with  a  strong  steel  outer  shell,  but  this  is  not  a  guarantee 
of  immunity  from  danger  in  case  of  explosions,  as  the  writer  has 
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seen  such  a  shell  straightened  out  like  paper  and  the  rivets  sheared 
as  Avitli  a  knife.  Too  sudden  application  of  the  brake,  as  well  as 
too  sudden  starting,  may  be  the  cause  of  an  explosion. 

8.  Since  an  unequal  load  of  as  little  as  a  pound  of  material  is 
sufficient  in  a  swift-running  machine  to  cause  vibration,  it  is  im- 
portant to  avoid  even  slight  amounts  of  unbalancing,  and  to  do 


Fig.  62. 


this  Albert  Pesca  devised  the  ingenious  regulator,  shown  in  Fig. 
61  in  detail,  and  in  use  on  the  machine  in  Fig.  62.  The  balance 
rings  run  between  washers  a,  and  are  free  to  swing  in  any  posi- 
tion. Because  of  the  friction  between  washers  and  rings,  the 
rings  will  rotate  with  the  shaft,  but  they  will  always  shift  to  keep 
the  centre  of  gravity  of  the  system  in  the  axis  of  rotation.  When 
the  basket  is  exactly  balanced  the  rings  will  stand  at  120  degrees 
Avith  each  other,  as  shown  in  Fig.  61,  but  if  unbalancing  occurs, 
the  rings  will  swing  towards  the  light  side,  the  limit  of  effect  being 
reached  when  all  three  are  on  the  same  side  of  the  shaft. 

Another  device  to  accomplish  the  same  purpose  is  shown  in  Fig. 


i 
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03,  wliicli  is  a  IIc])\vortli  iiiacliinc  of  American  nianufactiirc.  Here 
the  lower  bearing  is  so  braced  to  the  outer  casing  that  the  relative 
position  of  the  two  is  fixed,  but  the  casing  is  hung  so  that  it  may 
swing  with  the  rotating  part.  As  a  matter  of  fact,  however, 
practically  no  motion  results,  as  the  inertia  of  the  casing  is  suffi- 
cient to  take  up  any  unbalancing.  In  this  way  very  little  strain 
is  brought  on  the  step-bearing,  and  the  objection  sometimes  made 
that  it  consumes  considerable  power  is  not  well  founded. 

9.  The  real  disadvantage  of  this  type  of  machine  is  that  the 
bearings  are  inaccessible,  but  this  has  been  overcome  in  later 
forms  as  shown  in  Fig.  03.  The  centre  of  the  ball-shaped  en- 
largement of  the  upper  bearing,  531,  is  the  fixed  point  about 
which  the  entire  machine  swings;  the  socket,  533,  is  bolted  to  the 
top  of  a  beam  show^n  in  dotted  lines,  and  the  bearing  extends 
through  the  beam  and  into  the  socket.  The  lower  part  of  the 
socket  forms  the  head,  534,  which  supports  by  means  of  iron  rods, 
540,  the  lower  part  of  the  machine.  The  pressure  on  the  ball-and- 
socket  joint  is  regulated  by  the  springs,  532.  By  study  of  the 
figure  it  will  be  seen  that  all  parts  of  both  the  upper  and  lower 
bearings  can  be  quickly  removed  by  the  loosening  of  a  few  nuts 
without  taking  apart  the  basket  or  the  main  shell.  Both  bear- 
ings are  self-aligning,  the  upper  one  by  virtue  of  the  ball-shaped 
enlargement  and  the  sockets,  and  the  lower  one  through  being 
hung  by  link  connections  on  three  rods,  558.  The  brake,  wdiich 
is  shown  in  detail  at  one  side,  is  self-releasing,  as  in  most  other 
types  of  centrifugal  machines,  and  self-adjusting.  It  consists  of 
a  band  of  steel,  542,  with  leather  lining,  and  tightened  by  a  bell- 
crank  lever,  546.  The  discharge  valve,  557,  is  a  steel  circle, 
which  is  lifted  and  placed  on  a  hanger,  539,  when  the  basket  is 
to  be  emptied. 

10.  The  difficulty  with  an  under-driven  centrifugal  machine 
is  to  secure  a  suitable  form  of  step-bearing,  especially  if  the  ma- 
chine is  made  for  heavy  loads  or  high  speeds,  as  in  the  manufac- 
ture of  cube  or  loaf  sugar.  For  this  class  of  work  the  load  runs 
as  high  as  4,000  to  0,000  pounds,  and  with  the  heavy  basket  and 
the  heavy  motor,  since  the  motive  power  is  usually  a  w^ater  wheel 
or  electric  motor,  the  friction  becomes  very  great.  For  such  pur- 
poses the  oil  pressure  step-bearing  designed  by  Fesca  is  an  im- 
portant improvement.  It  is  shown  in  detail  in  Fig.  04,  and  ap- 
plied to  a  macine  in  Fig.  05,  which  is  the  motor-driven  type. 
3'he  construction  known  as  Adant's  svstem  is  a  combination  of  the 
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rigid  bearing  with  tlio  bufler,  uniting  tlio  advantages  of  botli 
systems.  In  this  step-bearing,  the  pivot  Z  of  the  vertieal  axis, 
slightly  conieal,  tits  the  bearing  L  exaetly,  when  the  pin  .s  rests 
on  the  ])late  V ;  when  oil  at  snftieient  pressure  is  foreed  throngli 
the  pipe  ?/  the  pivot  Z  is  raised,  the  pressure  needed  being  given  by 
the  equation; 

where  d  is  the  diameter  of  the  pivot,  G  the  weight  of  the  basket 
and  attachments,  and  p  the  pressure.     The  height  by  which  the 


Fig.  64. 

pivot  is  lifted  can  be  determined  by  the  angle  of  inclination  of 
the  conical  pivot  and  the  quantity  of  oil  wdiich  is  fed  in  continu- 
ously by  the  pipe  y.  Let  h  be  the  height  through  which  the  pivot 
is  to  be  lifted,  and  a  the  angle  of  inclination  of  the  pivot  surface 
to  the  axis,  then  d^y  diameter  at  the  height  h,  will  be  given  by  the 
equation ; 

di  =  d  +  2h  tan  «', 

and  the  cross-section  at  this  point  for  the  passage  of  oil  will  be 
A  =        V '  —  n  {dh  tan  a  +  ¥  tan^  a). 
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11.  Ill  this  equation  the  second  term  of  the  right-hand  mem- 
ber may  be  neglected,  and  the  expression  will  then  become, 

A  =  7t  dh  tan  a, 

Through  this  section  the  quantity  Q  must  pass  in  unit  time  with  a 
velocity, 

,  =  £= «_. 

A       n  dh  tan  a 
With  the  passing  of  the  oil  through  the  narrow  annular  opening, 


i^;^^^^^j;ji>»-^--:::  ,;..'.■.■.. 


'-^>SS$S^y^^$^^ 


Fig.  65 


there  will  be  a  certain  resistance  per  square  inch  proportional  to 
the  square  of  the  velocity,  which  may  be  expressed : 


w  =  Kv^  =  I\ 


Q' 


71'  d'^  K^  tan^  a 


where  Z"  is  a  constant  as  obtained  by  experiment.     But  the  re- 
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sistance  w  is  equal  to  the  pressure  /)  of  the  basket  on  the  liquid, 

p  =  —  TO   hence  we  may  write, 
TTor 

40 


Kq- 


or. 


ltd'       n' d' hH-An' a' 
Q 


h  = 


2  ^TT  tan  a 


yo' 


from  which  it  will  be  perceived  that  the  lifting  of  the  basket  is 
proportional  to  the  quantity  of  oil  flowing,  Q,  inversely  to  the  tan- 


FiG.  66. 

gent  of  inclination  and  inversely  as  the  square  root  of  the  weight 
of  the  basket.  Hence  by  changing  the  angle  of  the  pivot  or  by 
regulation  of  the  amount  of  oil  pumped  through  the  bearing,  the 
amount  of  lift  can  be  regulated  between  5  and  10  millimetres 
above  the  step.  As  the  pivot  is  running  in  a  bath  of  oil  the  fric- 
tion will  be  very  slight,  and  for  circulating  the  oil  to  keep  up  this 
bath  a  small  belt-driven  pump  is  used  A\^th  a  by-pass  between  suc- 
tion and  discharge  through  a  safety  valve. 
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12.  In  all  the  constructions  considered  every  precaution  is 
taken  to  secure  smooth  motion,  but  it  may  happen  that  material 
handled  has  a  tendency  to  shifting  which  can  only  be  overcome  by 
the  following  improvement:  This  occurs  mostly  with  low  sugars 
and  citric  and  tartaric  acids  in  the  lower  conditions,  when  the  small 
crystals  contained  in  liquor  will,  by  the  rapid  formation  of  thin 
scale  on  the  inner  surface  of  the  basket,  stop  the  free  drainage. 
This  action  may  take  place  unequally,  resulting  in  a  considerable 


Fig.  67. 


vibration,  and  to  open  up  the  outlets  a  steaming-out  pipe,  so  called, 
is  used,  as  in  Fig.  66.  Of  course  some  of  the  material  will  be 
dissolved  by  the  steam  jet,  but  this  is  of  less  importance  than  the 
complete  drying  of  the  material. 

13.  As  already  mentioned,  the  baskets  are  made  according  to 
materials  to  be  separated,  of  steel,  bronze,  aluminium,  silver, 
china,  etc.  Those  for  use  with  acids  are  usually  lined  with  lead, 
though  sometimes  hard  rubber  or  enamel  has  been  used.  Fig. 
67  shows  a  machine  for  acids  in  which  the  basket,  a,  is  made  of 
burned  clay,  fitting  exactly  inside  the  steel  basket,  c,  thus  pre- 
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vontiiii;-  biirstint;-.  J.iijuor  ])asscs  out  of  the  lining  tln'oii<,^li  tlio 
holes  d  5111(1  tlio  vertical  canals  r,  so  that  when  the  machine  is  at 
rest  no  liqu<»r  can  escape,  but  wlien  it  is  in  rotation,  the  centrif- 
n<ial  force  propels  the  licjiior  tlironiili  the  linles  d  and  canals  r,  and 
over  the  rim  into  tlu^  chamber  r,  whence  it  passes  throii*;!!  the 
openinc:  /;  ^1^^'  <i'«iy  ^  is  cast  in  an  iron  vessel  and  covered  on  top 
with  a  clav  cover,  the  joint  being  packed  with  riil)l)er;  the  acid 
fumes  are  carried  off  through  the  pipes  g.     It  often  happens  in 
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chemical  works  that  materials  mixed  with  explosives  are  to  be 
separated;  in  such  cases  the  greatest  caution  must  be  used,  and 
the  machine  must  be  closed  air-tight,  as  seen  in  Fig.  68.  The 
writer  was  asked  some  time  ago  if  it  would  be  possible  to  centrif- 
ugate  some  ground  material  which  was  soaked  in  benzine.  He 
advised  not  to  do  it,  but  it  was,  nevertheless,  tried,  and  the  en- 
tire machine  broke  out  in  flames  because  of  the  great  friction  of 
the  gases  evolved  by  the  benzine  as  they  came  in  contact  with 
the  air. 

14.  In  the   class   of  machinery  known   as   milk-separators,    a 
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rapid  revolution  causes  separation  of  the  cream  and  milk  on  ac- 
count of  their  different  specific  weight.  The  heavier  milky  parts 
flying  to  the  outside  of  the  basket,  while  the  cream  will  remain 
on  the  inner  surface  of  the  milk,  both  these  layers  may  then  be 
taken  off  by  proper  suction  nozzles,  thus  giving  a  continuous 
operation. 

In  the  separator  shown  in  Fig.  69  milk  passes  from  the  vessel 
T  through  the  pipe  V,  to  the  bottom  of  the  drum  and  inside  of  the 
ring  P,  whence  it  rises  between  this  ring  and  the  bottom  of  the 


Fig.  69. 


drum,  and  is  set  in  revolution  by  the  wrings  inside  the  basket. 
The  cream  is  draw^n  off  through  the  pipe  B  by  means  of  the  nozzle 
Bi^  which  has  a  very  fine  edge  and  literally  peels  the  cream  from 
the  milk,  which  passes  away  through  the  nozzle  Ai  and  the  pipe 
A.  By  changing  the  position  of  the  mouth-pieces  Ai  and  Bi  any 
grade  of  cream  desired  can  be  secured. 

15.  Figs.  70  and  71  show  a  form  of  separator  of  American 
manufacture,  which  is  of  different  construction  from  the  one 
just  described.  It  not  only  separates  cream  from  the  milk,  but 
may  be  used  to  purify  either  one.  It  is  a  recognized  fact  that 
souring  of  milk  and  its  products  is  caused  by  the  presence  of 
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35  Milk  Can 
89  BRACKET  Fork 

5IBOWLT0P 


36  Faucet 


76  Feed  Cup 


.48  Cream  Screw 
49  Cream  Pan 


18  Bowl 

88  Bracket  Stand 


84  Crank  Shaft 
Gearwheel 


87GEAR  Gap- 


si  Intermediate  Gear 
77  Worm  Sear  Wheel 


41  CRANK 


5  Upper  Bushins 
71  Worm  Spindle 


4  Lower  Bushing 
Bottom  Plus 


Fig.  70. 


bacteria,  and  the  more  these  can  be  removed  the  better  will  be 
the  keeping  qualites  of  the  product.     Prof.   H.   AV.   Kahn,   of 
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Weslcyan  University,  a  recognized  authority  on  dairy  bacteriol- 
ogy, says:   ^^  When  we   examine  the   amount   of  solid  material 


flG.2 


nG.3 


3 


Fig.  71* 


which  finds  itself  into  the  milk  we  are  amazed  at  the  results. 
This  dirt  is  largely  composed  of  manure,  but  the  microscope  has 
also  revealed  undigested  hay,  mould,  hair,  shavings,  woollen 
threads,  earth,  cobwebs,  particles  of  skin,  human  hair,  pieces  of 
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insects  and  down  from  birds."  The  action  <»f  ccntrifngal  force 
removes  from  milk  this  foreign  matter,  whieli  is  sneh  a  fertile 
sonrce  of  bacteria,  and  any  one  who  has  examine<l  a  sei)aralor 
bowl  after  a  separation,  can  readily  Ixdieve  the  above  statement. 
The  immediate  separation  of  milk  as  it  comes  from  the  cows 
before  harm  has  resulted  is  a  very  necessary  factor  in  pnrifica- 
tion. 

16.  In  the  operation  of  this  separator  milk  is  fed  into  the  top 
of  the  cover,  whence  tubes  conduct  it  to  the  inner  cup  2,  in  which 


!^'i!K^V^^.^i^mVv\^vm\\\V\\\V^^ 


Fig. 


are  wings  w^hich  cause  the  milk  to  revolve  with  it;  thence  the 
..iilk  passes  into  the  intermediate  cup  3,  and  from  there  to  the  main 
bowl  4,  so  that,  before  the  milk  leaves  the  machine  at  the  bottom, 
it  has  passed  through,  three  compartments,  each  of  which  is  a 
separator  in  itself,  and  to  this  is  due  the  remarkably  thorough 
separation  for  which  this  machine  is  noted.  The  internal  mech- 
anism is  shown  in  Fig.  71,  where  it  is  seen  that  the  spindle  is  in 
two  parts;  the  spiral  worm,  71,  which  is  the  lower  piece,  is  held 
in  position  by  a  bearing  at  each  end,  in  order  to  insure  exact 
meshing  with  the  worm  wheel,  77,  the  tip  end  of  this  spindle 
and  the  lower  end  of  the  upper  part  which  is  fast  to  the  bowl, 
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form  a  ball  niul  sockci  joint,  s«>  tluil  ihc  1k>\\1  iikiv  ^•il^^ilt('  iiiid 
.>-till  allow  tlio  worm  wheel  to  ^ive  I  Ik-  proper  speed  without  strain- 
iiiir  and  frietion.  Also  the  worm  eaii  be  rei)laced  at  anv  time; 
without  distil rba nee  of  the  basket. 

17.  Centrifugal  machines  are  at  present   somewhat  used   fur 


Fig.  74. 


filtering  one  for  this  purpose  being  shown  in  Fig.  72  for  use  on 
cane  juice.  The  juice  is  introduced  at  the  bottom  of  the  drum, 
and  rises,  as  in  the  case  of  Fig.  69;the  heavier  scums  are  precipi- 
tated on  the  sides  of  the  revolving  drum  and,  rising  above  the 
diaphragm,  are  collected  through  the  upper  nozzle,  while  the 
clear  juice  is  drawn  off  from  the  inside  by  the  lower  nozzle.     The 
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filtor  is  not,  liowcvcr,  capalJc  of  as  iiiiiv(M"sal  ai)])lication  as  the 
ordinary  filtor  press. 

18.  Passing  now  to  tlio  drivini>-  nicelianism,  it  lias  been  seen 
that  in  many  machines  a  tight  and  loose  pnlley  are  provided  on 
the  counter  shaft  from  which  the  machine  is  driven  bv  belting. 
A  friction  ])ulley  will  serve  the  same  purpose,  and  has  certain 
advantages,  in  that  a  greater  speed  ratio  can  be  easily  obtained, 
also  the  amount  of  force  which  can  be  transmitted  can  be  auto- 
matically regulated,  so  tliat  it  will  be  impossible  to  transmit  more 
than  the  desired  amount  of  power.  The  adaptation  of  a  fric- 
tion drive  to  a  AVeston  spindle  machine  is  shown  in  Fig.  73.  Here 
P  is  the  pulley  proper  moving  loosely  on  the  shaft  S  ;  K  is  an 
arm  keyed  to  the  shaft,  and  carrying  two  levers  L  pivoted  at  C. 
To  these  levers  are  attached  the  friction  arms  Aj  the  latter  being 
in  turn  connected  to  the  arm  K  at  the  ends  E  by  means  of  flex- 
ible springs  R.  On  the  end  of  arms  A  is  fastened  the  shoe  F 
faced  ^Yith.  leather,  and  fitting  accurately  the  inside  of  the  rim  of 
pulley  P.  Under  the  action  of  centrifugal  force  the  arms  A  will 
tend  to  fly  outward,  engaging  the  shoe  F  with  the  pulley,  but  the 
engagement  may  be  prevented  by  means  of  the  sliding  sleeve  G. 
The  springs  R  prevent  the  sudden  action  of  the  clutch,  with  con- 
sequent strain  and  shock.  The  usual  bronze  bushing  and  oil 
chambers  are  provided  for  the  loose  bearing  of  the  pulley. 

19.  A  friction  pulley  of  a  different  form,  the  Hepworth  con- 
struction, is  shown  in  Fig.  74.  The  pulley  is  loose  on  the  shaft, 
and  engages  with  the  drum  348,  keyed  to  the  shaft  by  means  of  a 
leather-lined  steel  band,  360,  encircling  the  drum.  One  end  of  the 
band  is  attached  to  the  pulley  by  mans  of  a  bolt  passing  through 
the  stud  356,  and  the  other  attached  to  a  bell-crank  lever,  353  and 
354,  operated  by  the  sliding  cone,  351.  By  means  of  the  bolt  the 
band  is  so  adjusted  that  when  the  cone  is  pushed  towards  the  pul- 
ley the  band  is  tightened  on  the  drum  to  a  point  wdiere  it  will  pull 
a  little  less  than  the  belt,  for  it  is  desirable  to  have  the  centrifugal 
start  up  quickly,  but  if  the  belt  slips  instead  of  the  band  it  mil 
leave  the  pulley.  The  bronze  bushing  in  the  pulley  is  made  to 
slip  both  on  the  shaft  and  in  the  pulley ;  naturally  it  will  turn  at 
the  smaller  diameter,  unless  the  shaft  bearing  becomes  dry,  when 
the  bushing  can  turn  in  the  pulley  rather  than  to  cut  the  shaft. 

30.  The  following  tables  are  based  on  the  experience  of  Wat- 
son, Laidlaw  &  Co.,  Glasgow: 
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Laidi.aw's  Patent  Sklf-balancino  Centrifugals. 

(Weston  Tyi)e.) 


PowEn 

Rkvoli'- 

DiAMKTKn  or 

llKt^riitKn 

TIONS   OP 

CaI'AC  ITY    ( 

)p  Kasket. 

Sake  Woukin«j 

]\ 

ASKKT. 

Foil    ONK 

Machine. 

Baskkt  veh 

MlNl'TE. 

Load 

Inchos. 

Mm. 

T.  II.  P. 

Cubic  Feet. 

Cu.  Metres. 

Pounds. 

Kilogr. 

24 

010 

3.00 

1500 

2.38 

0.0073 

170 

77 

30 

762 

3.75 

1200 

4.2 

0.1189 

300 

136 

86 

914 

5.00 

1000 

5.C5 

0.1596 

390 

177 

42 

1067 

6.00 

850 

8.e6 

0.2452 

COO 

273 

48 

1219 

7.50 

750 

10.83 

0.3066 

750 

340 

54 

1371 

8.50 

650 

13.25 

0.3751 

900 

409 

CO 

1523 

10.00 

COO 

14.5 

0.4105 

1000 

455 

The  "  capacity  "  of  tlie  basket  is  the  cubic  measurement  of  the  wall  of  masse- 
cuite  when  the  basket  is  full  to  the  lip. 

"Safe  working  load"  is  the  maximum  load  of  massequite  or  other  material 
which  the  standard  baskets  are  constructed  to  carry  at  full  speed. 

The  "  power,"  as  stated  above  and  on  the  next  table,  is  for  usual  working  con 
ditions.  AYhen  the  machines  are  required  to  attain  full  speed  in  less  time  than 
usual,  the  amount  of  power  stated  in  the  table  should  be  increased  in  proportion. 


Weston's  Self-balancing  Centrifugals. 

(Standard  Type.) 


Power 

Revolutions 

Diameter  of-  Basket. 

required  for 

of  basket 

Capacity 

of  Basket. 

Safe  workintr  load. 

one  machine. 

per  minute. 

Inches. 

Millimetre. 

I.H.P. 

Cubic  feet. 

Cub.  metre. 

Pounds. 

Kilogr. 

8 

203 

4,000 

0.075 

0.0021 

5.75 

2.5 

12 

304 

6.50 

2,200 

0.25 

0.0070 

18.00 

8.0 

18 

457 

0.75 

1,800 

0.75 

0.0212 

53 

24.0 

24 

610 

1.75 

1,500 

1.80 

0.0509 

120 

54.5 

30 

762 

3.00 

1,200 

3.10 

0.0877 

228 

103  5 

36 

914 

3.75 

1,000 

4.20 

0.1189 

295 

134.0 

42 
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5.00 

850 

5.30 

0.1500 

376 

171.0 

48 

1.210 

6.00 
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6.60 

0.1868 

465 

207.0 

54 

1,371 

7.50 

700 

8.02 

0.2270 

560 

254.5 

GO 

1.523 

8.50 

600 

9.50 

0-2689 

665 

302.0 

66 

1,676 

10.00 

550 

11.09 

0.3140 

776 

353.0 

72 

1,828 

11.00 

500 

12.57 

0.3559 

875 

400.0 

Baskets  which  may  be  run  at  higher  speed  and  carry  heavier  loads  are  of 
course  built  stronger  in  proportion. 
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DISCUSSION. 

Mr.  August  Kruesi. — In  paragrapli  11  is  given  the  calculation 
of  tlie  oil  pressure  required  on  the  bearing.  The  constant  7^  evi- 
dently relates  to  each  particuhir  machine.  I  would  like  to  ask 
Mr.  Yiola  between  Avhat  limits  it  varies  ? 

Mr.  Yiola. — The  limits  are  very  small. 

Mr.  Kruesi. — About  Avhat  would  the  average  value  be? 

Mr.   Viola. — The  highest  is  about  one. 

Mr.  William  Kent. — I  hope  the  author  will  make  that  correc- 
tion in  his  paper  about  what  the  value  of  A^is,  as  all  these  for- 
mula3  are  of  no  value  unless  we  know  something  about  the  value 
of  the  constants. 

Mr.  Viola.^ — You  can  put  the  values  in  yourself  from  Q  and  G. 

To  give  a  better  understanding  of  the  formula  about  which 
questions  were  asked,  I  would  suggest  the  following  example: 
For  instance,  the  pressure  j9  will  be  for  each  square  centimetre  of 
the  pivot  Z  when  its  diameter  is  60  millimetres,  and  the  basket 
weights 

4  2500 
2,500  Kgr.^  r=  '  ^  ^  =  88.5  Kgr.  If  the  pivot,  whose  in- 
clination to  the  axis  is  1  degree,  should  be  lifted  through  5  milli- 
metres, then  there  will  be  an  opening  of  5.  tan  1  =  5  x  0.017 
=  0.085  millimetres,  for  which  there  is  a  ring  cross-section  of 
3.14  X  60  X  0.085  =  16  square  millimetres,  or  the  pump  furnishes 
continuously  such  a  quantity  of  oil  as  would  be  pressed  by  a 
pressure  of  88.5  atmospheres  through  a  ring  cross-secton  of  16 
square  millimetres. 


*  Author's  closure,  under  the  Rules. 
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No.  mil.* 

.f  Foirrr-FOUR-FOOT  nr  i.atuk, 

BY    JOHN    M.    IJAIINAY,  CINCINNATI,    O. 

(Junior  Member  of  I  lie  Society.) 

1.  The  machine  here  described  was  designed  to  meet  the  de* 
mands  of  a  manufacturing  establishment  of  the  heaviest  type  of 
electrical  machinery.  The  ever-increasing  dimensions  of  this  class 
of  machinery  make  it  particularly  desirable  that  the  existing  heavy 
machine  tools  should  be  capable  of  extension  of  capacity  with  a 
view  to  probable  future  requirements,  and  that  a  pit  lathe  is 
peculiarly  adapted  to  such  extension  will,  doubtless,  be  readily 
admitted. 

The  face  plate  of  this  machine  measures  30  feet  in  diameter, 
and  the  present  dimensions  of  the  pit  will  admit  of  swinging  44 
feet  on  centres,  with  a  maximum  width  of  12  feet.  Th%  large 
face  plate  is  built  up  of  twelve  segments.  The  rim  is  of  box  sec- 
tion, the  ends  of  the  rim  in  each  section  being  finished  to  make  the 
joint,  and  the  segments  being  held  together  at  the  rim  by  body- 
bound  bolts.  The  arms  are  slotted  for  bolts,  and  the  space  be- 
tween segments  is  also  shaped  to  receive  the  usual  square-headed 
bolts.  The  inner  end  of  each  segment  is  fastened  to  the  smaller 
face  plate  by  several  body-bound  bolts. 

2.  The  smaller  face  plate  is  cast  in  one  with  the  forward  section 
of  the  spindle.  The  spindle  revolves  in  a  babbitted  bearing  meas- 
uring 48  inches  diameter  by  68  inches  long,  the  dimensions  of  the 
rear  bearing  being  22  inches  diameter  by  28  inches  long.  It  is 
calculated  that  the  pressure  on  the  main  bearing  will,  at  times, 
attain  a  maximum  of  125  pounds  per  square  inch. 

3.  Teeth  w^ere  cast  into  the  periphery  of  the  12-foot  face  plate 
for  the  purpose  of  dri^dng  same  while  turning  up  the  spindle 
bearing,  which  operation  is  illustrated  in  Fig.  75.  After  the 
spindle  was  finished  by  this  method  the  segments  of  the  large  face 

"  Presented  at  the  New  Fork  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXfV'^.  of  the  Trans* 
actions. 
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plate  were  bolted  on,  the  spindh^  assembled  on  the  headstock,  and 
the  periphery  of  the  30-foot  face  plate  turned  off,  with  the  spindle 
in  its  own  bearing. 

4.  A  feature  of  interest  in  connection  with  this  machine  is  the 
method  of  drive  adopted,  which  is  a  friction  roller,  18  inches  diam- 
eter, made  of  compressed  paper,  while  the  rim  of  the  large  face 
plate,  15  inches  wide,  affords  the  necessary  contact  surface  for 
driving.     Power  is  supplied  by  a  75-horse-power  motor,  quadruple 


Fig.  75. 


geared,  the  use  of  the  multiple  voltage  system  giving  the  machine 
a  range  covering  all  diameters  from  six  feet  to  the  present  capac- 
ity, though  the  gear  train  is  designed  to  admit  of  two  changes  of 
back  gear  in  addition. 

5.  The  tool  carriages  are  supported  on  massive  cast-iron  columns 
resting  on  the  bottom  of  the  pit,  and  the  feed  mechanism  is  driven 
by  an  independent  motor  properly  back  geared,  Fig.  77.  By  the  use 
of  the  multiple-voltage  controller,  and  a  device  called  a  feed  regula- 
tor, any  rate  of  feed  from  -^^  inch  to  2 j  inches  per  minute  can  be 
had  without  a  change  of  back  gears.  There  was  also  designed  for 
this  machine  an  outboard  bearing  to  support  the  outer  end  of  man- 
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ilrils  :ni(l  hoviiiD,  bnrs,  wliicli  is  jjinvidcd  with  a  geared  sloovo  con- 
iHH'Icd  to  ;i  tniiii  <it"  hnck  t;('ars  (Irixcii  hy  ;iii  iiidejx'iKlciit  motor;  tlio 
whole  being  self-coiitaiiicHl  and  constituting  a  portahki  boring  and 
facing  tool. 

(5.  An  approximation  of  the  total  amount  of  cast  iron  used  in 
the  construction  of  this  machine  places  the  weight  at  480,000 
pounds,  of  wliicli  the  spindle  and  two  face  plates  together  weigh 
about  155,000  pounds. 

7.  As  would  be  expected  in  this  class  of  tool,  the  centre  of 


Fig.  76. 


gravity  of  the  revolving  parts  lies  verv  close  to  the  edge  of  the 
pit;  hence,  the  matter  of  a  substantial  foundation  became  one  of 
considerable  importance,  and  to  meet  the  severe  requirements  the 
design  of  the  headstock  provides  a  large  area  for  the  distribution 
of  this  pressure,  so  that  the  forward  part  of  the  headstock  alone 
covers  an  area  of  68  square  feet.  The  masonry  foundation  con- 
sists of  a  layer  of  the  best  Portland  cement  grouting  on  top,  fol- 
lowed by  a  five-foot  layer  of  vitrified  brick,  which  in  turn  rests 
on  a  massive  column  of  the  best  grade  of  pressed  brick,  all  laid 
in  first  quality  Portland  cement. 

8.  Fig.  76  show^s  the  assembled  pit  lathe  driven  by  the  friction 
roller  while  taking  a  heavy  facing  cut,  on  which  occasion  four  tools 
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were  cmploycHl.  The  picture  also  shows  the  driving  motor  with 
its  train  of  gears  and  the  nieclianisni  emphjyed  for  adjusting  the 
pressure  on  the  friction  roller. 

For  the  illustrations  in  this  paper  the  writer  is  indebted  to 
Messrs.  Loose  and  Cooper  of  the  LJullock  Electric  Co. 


DISCUSSION. 

Mr.  II.  IT.  Sujyltw — I  have  had  a  good  deal  of  experience  in 
the  past  with  friction  driving  for  another  line  of  work.  I  think 
that  much  more  power  can  be  transmitted  by  it  than  is  ordinarily 
su]>posed.  Paper  frictions  somewhat  similar  to  this  are  generally 
in  use  for  driving  sa\v-mill  machinery,  particularly  the  carriages 
of  band  sa^v-mills,  because  of  the  ease  with  which  the  mechanism 
can  be  reversed.  I  knoAv,  myself,  of  cases  where  frictions  of 
12  inches  face  are  transmitting  35  to  40  horse-power  readily  with- 
out any  danger  of  slip. 

M.  Fred.  J.  Miller. — How  about  the  speed  ? 

Mr.  Sujylee. — I  was  coming  to  that.  The  fundamental  point 
is  the  speed.  Friction  wheels,  even  with  very  limited  faces,  can 
be  used  to  transmit  large  amounts  of  power  if  you  only  run  them 
fast  enough,  and  the  pro]")er  way  to  use  those  gears  is  to  speed 
up  until  you  get  to  the  right  friction  and  then  speed  do\vn  again. 
In  that  way  you  can  use  this  very  convenient  form  of  drive  Avith- 
out  any  serious  difficulty  of  slipping  and  without  any  doubt  of 
transmitting  the  po^ver. 

In  the  case  to  which  I  referred,  a  paper  friction  wheel  of  12 
inches  diameter  and  12  inches  face,  running  at  600  revolutions  per 
minute,  readily  drove  35  horse-power,  measured  by  indicating 
the  eno:ine  with  and  without  the  load,  and  takino:  the  difference. 

Mr.  Fred  J.  Miller. — As  I  understand  it,  the  ratio  bet^veen 
the  linear  speed  of  the  friction  gear  and  the  cut  which  is  being 
taken,  de])ends  upon  the  diameter  of  the  work.  That  is  to  say, 
if  the  work  is  half  the  diameter  of  the  face-plate  then  the  ratio 
of  the  speed  of  the  friction  gear  to  that  of  the  cut  will  be  as  2 
to  1.  But  if  the  diameter  of  the  work  is  nearly  the  diameter  of 
the  face-plate,  then  the  ratio  will  be  neai^ly  as  1  to  1,  and  the 
question  would  arise  as  to  whether  then  it  would  have  sufficient 
driving  power  to  do  much  work. 

Mr.  F.  V.  Henshaw. — I  would  like  to  ask  Mr.  Barnay  how 
much  of  the  range  of  speed  is  obtained  by  changing  the  speed  of 
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the  motor  ;  that  is,  without  making  any  change  in  the  ratio  of 
the  gearing.  Also  whether  in  referring  to  this  motor  as  a  75-horse' 
])()wer  motor  he  means  that  it  is  intended  to  develop  75  horse- 
power, driving  this  tool  under  any  condition  of  work  for  which 
it  might  be  used  ?  I  would  also  like  to  ask  Mr.  Barnay  for  de- 
tails of  this  device  which  he  calls  a  feed  regulator. 

Mr.  Barnay. — I  may  say  that  the  power  behind  the  lathe  is 
a  T5-horse-power  motor,  and  of  course  the  friction,  while  trans- 
mitting that  power,  is  calculated  to  supply  all  the  power  neces- 
sary, no  matter  what  the  diameter  of  the  work  may  be. 

With  reference  to  Mr.  Henshaw's  remarks  as  to  the  range  of 
speed  of  the  motor,  the  range  of  the  speed  obtained  by  the  use 
of  the  controller  alone  is  1  to  7j^o-  So  that  in  this  case  any 
diameter  from  0  feet  to  T^V  times  6  teet  (=  43^%  feet)  can  be  used 
in  the  lathe  without  changing  the  back  gear  at  all — simply  change 
the  speed  by  means  of  the  controller. 

Mr.  Ilenshaio. — I  do  not  quite  follow  that.  Do  I  understand 
that  this  motor  will  dev^elop  75  horse-power  at  any  speed  over 
a  range  of  1  to  7tV  '^ 

Mr.  Barnay. — J^o,  sir.  The  horse-power  is,  of  course,  vari- 
able in  direct  ratio  to  the  speed.  As  the  speed  is  decreased,  the 
power  drops  off.  The  changing  gear  is  useful  mainly  in  main- 
taining the  power  of  the  motor. 

Mr.  Henshaw. — Does  the  power  necessarily  drop  off? 

Mr.  Barclay. — It  does,  on  account  of  the  multiple  voltage  sys- 
tem.    We  use  lower  voltages  at  the  lower  speeds. 

Mr.  HensliaiD. — But  that  does  not  affect  the  fact  that  the  lathe 
may  require  the  same  horse-power  at  any  speed. 

Mr.  Barnay. — As  a  matter  of  fact  our  motors  are  rated  at  75 
horse-power  ;  in  this  case,  for  instance,  at  750  revolutions  per 
minute,  and  at  any  other  revolution  the  power  would  not  be  the 
same. 

Mr.  L.  R.  Pomeroy. — I  w^ould  like  to  ask  whether  that  ma- 
chine exerts  75  horse-power  at  the  lowest  speed  ? 

Mr.  Barnay. — Seventy-five  horse-power  at  750  revolutions. 

Mr.  Henshaw. — The  point  I  wish  to  bring  out  is  simply  that 
with  a  large  diameter  of  w^ork,  the  material  being  the  same  and 
the  amount  of  metal  removed  being  the  same,  the  horse  power 
will  remain  the  same  as  for  small  diameters,  because  the  torque 
will  vary  inversely  as  the  speed.  I  was  anxious  to  get  some  idea 
of  the  actual  power  of  the  motor  over  its  speed  range  for  a  tool 
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of  this  size.  It  iipj)oars  to  iiic  that  the  nitin«^  of  the  motor  as 
given  is  misleading,  becanse  it  can  only  develop  this  rated  ])(j\ver 
at  one  speed. 

Mr.  Bitniay.'^^Xn  reference  to  Mr.  Ilenshaw's  question  about 
tlie  feed  regulator,  I  would  say  that  there  is  one  of  these  attachcMl 
to  each  inde])endent  feed  screw,  and  it  operates  on  the  i)rincii)le 
of  an  escapement.  Its  use  involves  the  engagement  of  an  oscil- 
lating driving  pawl  with  a  toothed  disc  whicli  is  keyed  to  the 
feed  screw. 

Adjustment  of  the  feed  regulator  causes  a  variation  in  the 
number  of  teeth  taken  in  by  the  oscillating  driving  pawl,  thereby 
changing  the  rate  of  speed. 

*  Author's  closure,  uuder  tlie  Rules. 
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No.  965.* 

GIFT  PROPOSITIONS  FOP  PAYING    WORKMEN.\ 

BY  PRANK  RICHARDS,  NEW  YORK  CITT. 

(Member  of  the  Society.) 

1.  The  engineer  works  for  results.  His  agencies  are  machines 
and  men.  It  does  not  appear  why  it  is  not  as  entirely  his  business 
to  study  the  efficiencies  of  the  one  and  the  means  for  their  promo- 
tion as  of  the  other.  The  proceedings  of  this  Society  have  been 
mostly  occupied  with  the  machine,  but  the  man  also  has  been 
recognized  at  various  times.  It  is  sufficient  here  to  mention  the 
papers  entitled  ^'  The  Premium  Plan  of  Paying  for  Labor,"  by  Mr. 
F.  A.  Halsey,  and  "  A  Bonus  System  of  Eewarding  Labor,"  by  Mr. 
H.  L.  Gantt.  The  present  writing  may  be  taken  as  a  contribution 
to  the  discussion  which  those  papers  invite  and  which  can  scarcely 
yet  be  considered  closed. 

2.  They  are  most  fortunate  evermore  who  can  work  most  whole- 
heartedly. The  wage-earners  of  the  world  have  not  hitherto  been 
thus  fortunate,  and  they  and  the  world  have  been  the  losers. 
They  certainly  have  not  been  so  situated  hitherto  that  they  could 
have  any  desire  to  do  what  they  could  to  its  utmost,  and  still  less 
to  seek  for  ways  of  doing  still  better.  They  certainly  have  a  right 
where  possible  to  more  operative  and  unfailing  incentives.  How 
to  change  the  worker's  attitude  toward  his  work  by  means  of  a 
change  in  the  system  of  apportioning  the  recompense  for  it  would 
seem  to  be  the  foremost  problem  of  the  opening  years  of  the  new 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the 
Transactions. 

f  For  farther  references  on  this  subject  see  Transactions  as  follows  : 
No.  256,  vol.  viii.,  p.  630:  "  A  Problem  in  Profit  Sharing."     Wm.  Kent. 
No.  341,  vol.  X.,  p.  600  :  "Gain  Sharing."     Henry  R.  Towne. 
No.  449,  vol.  xii.,  p.  755:  "The  Premium  Plan  of  Paying  for  Labor."    F.  A. 

Halsey. 
No.  647,  vol.  xvi.,.p.  856  :  "  A  Piece  Rate  System."     Fred.  W.  Taylor. 
No.  938,  vol.  xxiii.,  p.  841 :  "A  Bonus  System  of  Rewarding  Labor."     H.  L. 
Gantt. 
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century,  liow  shall  the  worker,  whatever  his  grade  of  skill  or 
eliieiency,  who  has  hitherto  worked  only  for  a  hxcd  daily  wa^<*, 
be  so  paid  hereafter  that  he  shall  not  only  get  all  that  he  earns, 
but  that  he  shall  be  willing  and  even  desirous  to  do  more,  and  thus 
to  earn  more,  up  to  the  limit  of  his  ability^  We  have  done  mueh 
boasting,  especially  as  Americans,  over  the  excellence  of  our  ma- 
chines and  over  the  continuing  increases  in  their  elHciencies. 
Why  have  we  not  been  equally  exultant  over  the  individual  effi- 
ciencies of  our  men,  and  equally  diligent  and  successful  in  pro- 
moting their  efheieneies^  It  is  notorious,  and  it  is  absurd  that 
it  should  be  so,  that  the  worker  finds  little  satisfaction  in  his  in- 
creasing output,  and  that  he  takes  no  pride  in  it,  but  rather  organ- 
izes to  retard  it  as  much  as  he  can. 

3.  The  reason  seems  to  be  plain  enough.  Daily  wages,  and  the 
same  wage  for  each,  offer  nothing  at  all  to  induce  one  man  to  do 
more  than  another.  Why  should  any  man  who  works  for  so  much 
a  day  try  to  do  more  than  just  w^hat  will  hold  his  job?  Indeed, 
according  to  prevalent  modes  of  reasoning,  if  he  does  more  without 
commensurate  remuneration,  w-hat  is  he  but  a  fool?  In  spite  of 
all  efforts  at  equalization  there  is  alw^ays  an  appreciable  and  often 
a  very  great  difference  in  the  quality  or  quantity  of  work  done  by 
different  men;  and  if  all  are  paid  alike,  then  either  some  are  not 
paid  enough  or  some  are  paid  too  much,  and  pay  by  the  day  w^ould 
never  seem  to  be  fair  and  just  to  all.  The  system  survives,  w^e 
may  believe,  chiefly  because  nothing  better  and  generally  appli- 
cable has  been  devised. 

4.  Other  schemes  are  of  course  continually  being  tried,  and 
even  adopted,  more  or  less  extensively.  On  the  face  of  it,  piece- 
work, or  pay  exactly  proportioned  to  the  amount  of  work  done, 
is  the  only  exact  justice.  Unfortunately,  it  is  sometimes  so  craft- 
ily manipulated  that  justice  deserts  it.  On  the  promise  of  equitable 
payment  for  actual  work,  and  in  exact  proportion  to  what  is  done, 
the  w^orker  claims  too  often  to  find  that  in  the  end  it  is  a  mere 
arrangement  to  squeeze  from  him  more  work  for  less  w^ages,  so 
that  if  by  day  wages  some  are  paid  too  little,  by  piece-work  a  much 
greater  number  are  ultimately  so  paid. 

5.  This  estimate  of  any  system  which  has  the  name  of  piece- 
work is  quite  widely  held  by  wage-earners.  The  essential  justice 
of  the  piece-work  system  remains,  and  it  might  be  well  w^orth  while 
to  investigate  the  mistakes,  and  worse,  which  have  misdirected  its 
application.     Instead  of  that,  we  have  set  to  work  to  devise  other 
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schemes.  We  lin\'e  now  before  us,  skilfully  stated  and  earnestly 
advocated,  the  "  Bonus  System  of  llewarding  Labor  ''  and  the 
'' Preudum  Plan  of  Paying  for  Labor."  The  essential  error  in 
both  of  these  would  seem  tO'  be  in  the  ignoring  of  the  strictly 
business  relation  of  em]doyer  and  employee.  The  employer  of 
any  worker  is  simply  a  buyer  of  what  the  worker  has  to  sell,  osten- 
sibly paying  equitably  for  what  is  done  and  for  all  that  is  done. 
Why,  if  possible,  sliould  he  not  pay  in  exact  proportion  to  the 
quantity  done,  the  same  as  in  buying  coal  or  beef  or  any  other 
merchantable  commodity?  If  the  gift  proposition  is  all  right  in 
paying  the  Avorkmen,  why  not  propose  also  a  Bonus  System  of 
Kew^arding  the  Grocer  or  a  Premium  Plan  of  Paying  for  Beef  ? 

6.  Of  the  two  devices  here  spoken  of  together,  the  Premium 
Plan  seems  to  be  the  most  prominent  and  to  be  regarded  with  the 
greatest  favor.  I  know^  that  the  plan  has  been  devised  and  pro- 
posed in  all  honesty,  and  with  the  most  commendable  of  intentions, 
and  that  it  has  been  advocated  and  promoted  by  its  originator  as 
the  fairest  thing  at  present  possible  between  employer  and  em- 
ployee, and  at  the  same  time  an  ideal  stimulant  for  the  worker; 
nevertheless,  it  is  for  me  to  speak  of  it  only  as  I  see  it. 

7.  It  happens  that  I  am  familiar  most  of  all  wdth  the  things 
which  pertain  to  machine  shops,  and  with  the  ways  in  which  things 
are  done  in  machine  shops,  including  the  adjustment,  and  the  vari- 
ous attempts  at  adjustment,  of  the  pay  to  suit  the  work.  It  hap- 
pens, also,  that  the  so-called  '^  premium  "  plan  has  had  its  trial  and 
adoption,  and  what  successes  it  has  won,  chiefly  if  not  entirely  in 
the  machine  shop.  We  will  go  right  into  the  shop,  then,  and  try 
to  understand  the  plan  and  hojv  it  works,  especially  in  comparison 
with  the  regular  old  daily  Avage  system. 

8.  We  assume,  w^hich  it  is  easy  enough  noAV  to  do,  that  times 
are  good,  that  the  men  have  constant  Avork  and  fair  daily  wages, 
and  that  the  employer  is  finding  profit  in  his  business.  In  the  shop 
are  Jack  Winslow  and  Bill  Sykes,  each  running  a  lathe,  the  lathes 
precisely  alike,  and  each  turning  out  the  same  amount  of  work 
every  day.  Each  lathe  is  Avorth,  as  it  stands  Avith  all  its  tools  and 
appurtenances,  say,  $1,000.  The  proportion  of  A^alue  of  the  build- 
ings and  other  details  of  the  general  plant  chargeable  to  the  indi- 
A^idual  lathe  is,  say,  as  much  more.  This  makes  $2,000  as  the 
actual  capital  that  it  is  necessary  for  us  to  consider  in  this  relation. 
We  alloAv,  say,  10  per  cent,  per  year  on  this  value  to  coA^er  interest, 
repairs,  maintenance,  and  depreciation;  AA^hich  is  $200  per  year^ 
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or,  say,  05  cents  jxt  workini;  dav.  WC  will  allow  f<»r  the  power 
to  drive  the  lathe,  oil  for  its  Jnbricalioii,  waste  \<>  wi})e  it,  and  all 
that,  35  cents  a  dav.  Then  there  is  a  share  ol"  I  he  olHce  expenses — 
^'non-productive  labor,"  as  thev  call  it — and  all  the  other  thin<^s 
which  it  takes  to  keep  the  business  goin^;  this  we  may  put  at  50 
cents  per  day.  AVe  will  pay  each  man  $3  per  day,  and  then  the 
total  daily  charge  for  each  lathe  will  be  like  this  : 

Interest,  etc.,  on  lathe  and  plant $0.65 

Power  and  operating  expenses. 35 

Office  expenses 50 

Man's  wages 3.0<) 

Total  cost  per  day $4. 50 

9.  It  makes  no  difference  for  our  present  purpose  whether  these 
figures  are  all  just  and  proper  or  not.  Anyone  may  assume  any 
other  figures  to  suit  his  taste.  It  is  necessary  to  have  in  addition 
some  figures  for  the  profit  to  the  employer  on  the  day's  work,  or 
to  fix  the  value  that  he  may  ultimately  realize  from  it.  The 
articles  worked  on  may  be  parts  of  machines  that  arc  being  built 
in  the  shop,  or  they  may  have  to  go  through  subsequent  operations 
that  wdll  add  to  their  ultimate  cost,  but  we  here  assume  a  value 
for  the  work  as  it  leaves  the  lathe,  and  which  may  be  realized  for 
that  part  of  the  work  which  is  done  on  the  lathe.  AVe  will  add, 
say,  one-third,  or  $1.50,  for  the  proprietor's  profit,  which  will 
make  the  total  value  of  the  day's  work  of  one  lathe  $6,  and  of  the 
two  lathes  $12.  AVe  are  to  remember,  then,  that,  as  things  are 
going  by  regular  day  work,  the  proprietor's  daily  profit  for  each 
lathe  is  $1.50  and  that  each  man's  wage  for  the  day  is  $3. 

10.  The  work  of  each  lathe,  with  the  men  thus  working  by  the 
day,  is,  say,  the  boring  and  turning  of  ten  wheels  of  a  special  style 
for  each  day's  work.  Xow  it  so  happens  that,  to  keep  up  Avith 
his  business,  the  proprietor  needs  more  wheels  than  the  two  lathes 
are  turning  out,  so  he  puts  in  another  lathe  and  employs  another 
man,  and  when  he  gets  it  going  it  turns  out  precisely  the  same 
amount  of  work  as  the  others,  and  the  boss  and  the  men  are  all 
satisfied.  The  proprietor's  share  or  profit  on  the  work  of  the 
three  lathes  is  $4.50  per  day  and  the  sum  of  the  wages  of  the  three 
men  is  $9  per  day.  There  is  and  can  be  no  pretence  or  suggestion 
that  the  third  man  does  not  earn  his  wa£:es  as  fullv  as  the  other 
two.  The  idea  thus  far  is  the  accomplishment  of  so  much  w^ork 
for  so  much  pay,  no  matter  who  does  it.     Each  man  doing  his  ten 
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wheels  a  day  is  paid  as  much  for  the  second  five  of  them  as  for  the 
first  five,  and  the  proprietor  gets  the  same  profit  out  of  the  last 
five  as  out  of  the  first  five. 

11.  With  things  going  along  thus  satisfactorily,  what  if  a  man 
should  take  a  spurt,  and  by  persistent  watchfulness  of  the  speeds 
and  feeds  of  the  lathe,  by  keeping  every  cutting  tool  constantly 
ready  and  always  at  its  sharpest,  and  by  celerity  and  precision  in 
making  his  changes  of  work  and  all  the  necessary  adjustments,  he 
should  turn  out  five  more  wheels  per  day?  Should  he  not  receive 
for  the  third  five  as  much  as  for  the  first  five  or  the  second  five, 
as  long  as  he  had  been  only  equitably  paid  before? 

12.  In  work  that  is  paid  for  by  day  wages  there  is  always  this 
recognized  ability  in  the  man  to  somewhat  increase  his  output  if 
sufficient  inducement  is  offered.  There  is  a  "  fair  day's  work  " 
that  is  recognized  as  such  and  accepted  as  satisfactory  all  around, 
and  yet  which  is  never  assumed  to  be  the  extreme  limit  of  a  man's 
possible  accomplishment.  There  are  different  ways  of  applying 
inducements  to  the  men  to  get  them  to  turn  out  the  possible  surplus 
of  work.  The  proprietor  should  have  no  difficulty  in  recognizing 
the  justice  and  propriety  of  pajdng  pro  rata  for  all  the  work  turned 
out,  as  he  certainly  is  paid  in  that  way  for  all  the  'product  of  his 
shop. 

13.  Returning  now  to  the  two  men  jogging  comfortably  along 
and  turning  out  each  his  ten  wheels  a  day  and  getting  his  $3.  The 
boss  to  poke  them  up  can  simply  tell  them  that  he  will  pay  them 
at  the  same  rate  for  all  they  can  do.  It  may  then  happen  that 
when  the  men  get  everything  tuned  up  and  have  acquired  their 
full  momentum  they  -will  actually  turn  out  fifteen  wheels  a  day 
each,  and  each  get  his  $4.50.  Besides  the  additional  wages  paid 
to  the  men  there  will  be  no  increased  expense  to  the  proprietor, 
except  possibly  one  or  two  cents  a  day  for  additional  power  con- 
sumed, an  item  undiscoverable  in  practice  and  entirely  negligible 
here.  With  the  three  men  on  the  three  lathes  turning  out  each 
his  ten  wheels  a  day  the  men  each  received  $3,  or  $9  in  all,  and 
the  proprietor  received  $1.50  net  profit  for  each  man's  day's  work, 
or  $4.50  in  all.  I^ow,  mth  two  m.en  doing  the  same  work,  al- 
though the  proprietor  has  paid  in  wages  to  the  two  men  precisely 
what  he  paid  the  three  men,  he  has  saved  the  shop  room  and  the 
cost  of  carrying  the  third  lathe.  He  has  saved,  in  fact,  the  first 
three  items  of  expenses  as  we  first  enumerated  them  for  one  lathe. 
For  the  two  lathes  turning  out  thirtv  wheels  a  dav  the  cost  will  be : 
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Interest,  etc.,  on  two  lathes  and  ])lant $1.30 

Power  and  operating  expenses 70 

OtUce  expenses 1.00 

Paid  two  men 9.00 

Total  cost  i)er  day $12.00 

14.  The  value  of  the  work  turned  out  is,  as  before,  $0  for  each 
ten  wheels,  or  $18  for  the  thirty  wheels,  so  that  the  ])roprietor, 
although  he  pays  the  two  men  the  same  amount  he  paid  the  three 
men,  actually  gets  $1.50  more  profit,  or  33-J  per  cent.  more. 

15.  This  might  have  been  done  also  as  a  straight  piece-work 
proposition.  The  proprietor  might  have  said  to  the  men:  "Here, 
you  fellows  are  working  all  right,  of  course.  I  couldn't  get  any 
other  fellows  to  do  anj  better  work  than  you  are  doing,  and  I 
haven't  a  word  of  fault  to  find;  but,  all  the  same,  you  know,  I'm 
mighty  anxious  to  get  out  some  more  of  those  wheels.  Let's  see. 
You  are  turning  out  ten  wdieels  a  day;  that's  thirty  cents  apiece. 
Well,  I'll  give  you  thirty  cents  apiece  for  all  the  wheels  3^ou  can 
turn  out;  so  pitch  in,  and  the  more  you  make  the  more  I'll  make, 
and  the  better  we'll  be  pleased  all  'round."  Then,  when  the  men 
get  to  turning  out  their  fifteen  wheels  a  day  each,  the  figures  will 
be  the  same  as  those  last  given.  Too  many  bosses  get  alarmed  as 
soon  as  the  men  by  piece-work  begin  to  get  any  appreciable  per- 
centage above  day  wages,  and  then  the  cutting  of  prices  begins, 
and  the  men  soon  get  disgusted. 

16.  ]^ow,  it's  so  much  better  to  begin  right  with  the  men.  The 
"  premium  "  plan  is  to  be  admired  for  the  sweetness  of  its  ap- 
proach and  its  avoidance  of  anything  but  pleasant  suggestions. 
Imagine  the  two  men  working  along  by  the  day  as  before,  wath  the 
boss  as  anxious  as  before  to  increase  his  output,  but  with  the 
"  premium  "  plan  in  his  head.  He  comes  along  in  his  cheerf  ulest 
mood  and  begins  to  talk  it  up.  He  begins  to  tell  how  he's  got  to 
get  out  more  wheels.  "  'Now,  boys,"  he  says,  "  I  know  you  won't 
object  to  raking  in  a  little  more  cash  every  Saturday  night,  and  I 
can  put  it  in  your  way.  I'll  tell  you  what  I'll  do.  I'll  go  halves 
with  vou:  and  if  anvthinsr  can  be  fairer  than  that  I'd  like  to  know 
it.  Of  course,  you  are  both  turning  out  a  fair  day's  w^ork,  but  I 
suppose  you  could  get  out  a  little  more  if  you  looked  after  every- 
thing sharp.  You  shan't  run  a  bit  of  risk  of  losing  anything. 
You  shall  have  your  full  day's  pay  for  the  ten  wheels  you  turn 
out,  just  the  same  as  now,  and  for  all  you  turn  out  over  and  above 
the  ten  you  shall  have  half  of  what  thev  come  to  at  the  same  rate. 
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I'liat's  the  premium  plan  that  they  are  working  on  in  a  good  many 
shops  now,  and  lots  of  fellows  are  getting  extra  pay  by  it,  and 
the  extra  pay  is  just  as  good  f-or  you  as  for  the  rest  of  'em,  and  I'll 
be  just  as  glad  to  see  you  get  it." 

17.  Well,  the  two  men  go  to  work  under  this  '^  premium  "  plan, 
and  when  they  are  under  full  headway,  turning  out  fifteen  wheels 
a  day  each,  the  statement  for  the  two  men  will  be  like  this: 

Interest  on  lathe  and  plant $1.30 

Power  and  operating  expenses 70 

Office  expenses 1.00 

Day  wages  for  30  wheels. 6.00 

10  wheels  at  .30  -4-  2 l.oO 

Total  cost  per  day $10.50 

For  the  thirty  wheels  turned  out,  as  before,  the  men  each  receive 
$3.75,  or  the  two  receive  $7.50  instead  of  $9,  and  the  proprietor's 
profit  is  increased  by  the  difference,  $1.50.  The  men  get  $1.50 
less  and  the  proprietor  gets  $1.60  more  than  by  piece-work,  every 
circumstance  being  identical  in  the  tw^o  cases,  except  that  in  the 
latter  the  men  have  worked  under  the  "  premium "  plan.  It 
requires  no  further  demonstration  to  convince  anyone  that  the 
plan  carries  a  premium,  but  take  notice  who  it  is  that  gets  the 
premium;  and  he  who  gets  the  premium  should,  of  course,  praise 
the  plan.  Those  who  are  getting  the  premium  are  the  ones  to- 
day praising  the  plan. 

18.  I  believe  I  have  not  here  stated  the  premium  plan  unfairly, 
or  misrepresented  the  mode  of  its  presentation  by  th^  employer  to 
the  workmen.  It  seems  to  be  proper  to  ask,  as  man  speaking  to 
man,  is  this  premium  plan  such  as  any  square-dealing  business  man 
would  propose  to  another,  or  is  it  what  a  sharper  would  propose 
to  a  simpleton?  Are  the  exigencies  of  business  such  as  to  neces- 
sitate and  justify  any  and  every  device  for  wheedling  from  the 
workmen  as  much  work  for  as  little  wage  as  possible? 

19.  One  detail  of  the  premium  plan  which  is  specially  insisted 
upon  by  the  promoters  of  it  is  that  it  shall  be  honestly  administered, 
and  that  no  advantage — no  additional  advantage,  we  might  say — 
shall  be  taken  of  the  men  after  it  is  put  into  operation,  or,  in  other 
words,  that  there  shall  be  no  cutting  of  the  rates  after  they  have 
been  once  agreed  upon.  According  to  the  illustration  which  I 
have  here  worked  up  there  would  seem  to  be  little  need  of  cutting 
the  rates.     Should  the  opportunity  appear  and  the  temptation 
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arise,  however,  to  cut  the  rates,  there  is  nothiniz;  to  ])reveiit  it  with 
the  preiiiiinn  plan  any  more  than  with  pure  piece-work,  and  either 
system  is  dependent  upon  the  good  faith  of  the  employer.  When 
the  premium  plan  is  put  int<^  practical  operation  the  proposition 
to  the  men  seldom  is  to  give  them  more  than  one-half  the  price,  as 
I  have  ahove  assumed,  for  the  excess  of  work  produced.  The 
author  of  the  premium  plan  has  said  that  he  favors  the  giving  to  the 
men  of  one-third,  and  that  he  considers  an  offer  of  one-half  to  be 
dangerous,  the  danger  consisting  in  the  increasing  temptation  to 
the  employer  to  cut  the  rate. 

20.  If,  in  the  above,  I  have  in  any  way  misrepresented  the  pre- 
mium plan,  as  I  certainly  have  intended  not  to,  I  will  be  glad  to  be 
corrected.  I  do  not  see  that  the  ^'  Bonus  System  "  differs  from 
the  "  Premium  Plan  "  except  in  the  details  of  the  device  by  which 
the  same  result  is  attempted  to  be  secured,  and  it  is  not  necessary 
here  to  consider  it. 

21.  It  is  my  view  that  for  everything  a  workman  can  do  there 
is  a  fair  and  equitable  price,  whatever  the  difficulty  of  determining 
that  price,  and  that  when  the  man  does  the  work  he  should  get  the 
price.  The  piece  which  by  extra  exertion  he  does  last  brings  as 
much  (or,  as  I  have  shoAvn,  more)  profit  to  the  proprietor  as  the 
first  piece  that  is  done,  and  it  does  not  appear  why  the  man  should 
not  have  his  pay  the  same  for  each.  'No  one  can  assert  that  the 
premium  plan  gives  him  this.  It  does  not  appear  to  me  that  the 
premium  plan,  or  any  other  gift  proposition,  offers  or  suggests  a 
permanent  or  satisfactory  solution  of  the  problem  of  equitably 
adjusting  the  wage  to  the  work,  so  that  the  opening  century  still 
has  a  job  before  it  to  devise  some  scheme  more  equitable  and  more 
deserving  of  permanent  adoption. 

DISCUSSION. 

Mr.  Frank  Jiichard><. — I  have  a  record  of  just  40  years  of 
working  days  in  the  American  machine  shop  as  successive!}" 
errand  boy,  apprentice,  journeyman,  foreman  and  superinten- 
dent, and  I  am  still  in  pretty  close  touch  with  the  shop  and  the 
men  who  are  in  it.  Perhaps  no  one  is  in  a  better  position  than 
myself  for  presenting  the  view  which  the  workman,  the  party  of 
the  second  part,  is  likely  to  take,  the  view  which,  as  I  believe, 
he  is  w^arranted  in  taking,  of  these  gift  propositions,  and  his  view 
must  sooner  or  later  be  reckoned  with, 
i: 
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There  is  in  tliis  paper  not  the  sliglitest  suggestion  of  sympathy 
or  affiliation  with  tlie  trades  union  as  it  is  familiarly  known.  I 
helieve  that  the  idea  prevalent  in  tlie  ranks  of  organized  labor 
that  there  is  only  so  much  work  in  the  world  anyway,  and  that 
the  less  each  one  does  the  more  there  will  be  left  for  the  others 
to  do,  is  one  of  the  silliest  that  ever  dominated  human  action. 
The  Avinning  Avay  of  working  is,  the  American  way  has  been,  to 
do  all  you  can — and  get  })aid  for  the  whole  of  it.  The  schemes 
which  in  this  paper  T  object  to  are  those  that  aim  to  get  the 
workman  to  do  all  that  he  can  and  then  to  jolly  him  out  of  a 
part  of  the  price.  The  point  of  this  paper  is  in  the  question  in 
the  latter  part  of  it.  Is  the  premium  plan,  or  the  bonus  system 
or  au}^  scheme  which  offers  the  man  as  a  gratuity  a  part  only  of 
what  he  actually  earns,  is  such  an  arrangement  w^hat  any  square- 
dealing  business  man  would  propose  to  another,  or  is  it  what  a 
sharper  would  try  to  work  on  a  simpleton  ?  It  may  be  proper 
to  suo^o-est  that  in  the  discussion  of  this  matter  no  narratives  of 
successful  experiments  with  these  gift  propositions,  no  exhibits 
of  cost  reductions  accomplished,  nor  even  the  fact  that  some 
w^orkmen  are  walling  to  accept  some  of  these  self-styled  gratuities, 
have  anything  to  do  with  the  ethics  of  the  case.  Is  the  thing- 
right  ?     If  it  is  right,  then  it  is  all  right. 

After  all  I  am  ready  to  say  that  this  is  a  matter  of  compara- 
tively slight  importance.  I  could  wish  that  our  attention  might 
be  turned  to  the  larger  and.  more  urgent  problem  of  general 
wage  adjustment.  How  can  the  wage  earner  or  the  salaried 
man  be  put  in  a  position  to  rejoice  in,  rather  than  to  regard  with 
regret  and  disappointment  a  time  of  industrial  activity  and  so- 
called  national  prosperity?  It  is  not  difficult  to  understand  just 
w^hat  I  mean.  The  most  valued  men  in  the  shop  are  the  old 
hands,  or  they  wouldn't  be  the  old  hands.  All  successful  and 
long  established  businesses  have  employes  Avho  have  been  with 
them  for  years,  and  the  newer  establishments  try  to  accumulate 
men  of  the  same  class.  Not  only  is  the  skill  and  the  rate  of  pro- 
duction of  these  men  more  to  be  relied  on,  but  it  is  expected  that 
they  w^ill  be  more  patient  in  the  matter  of  wages.  Generally 
they  are  not  cut  down  when  occasional  slack  times  occur,  and  in 
consideration  of  this  it  is  expected  that  gratitude  will  discount 
their  ideas  in  times  of  prosperity,  and  that  they  will  not  be 
alertly  clamorous  for  a  raise.  IS'ow,  the  most  tangible  evidence 
a  workman  generally  has  of  national  prosperity  is  an  advance  in 
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the  ])rico  of  evervtliing  that  his  \v:i<^es  go  tor.  Money  Jis  ;i  rep- 
resentation of  vahie  is  considerable  of  a  failure,  as  far  as  he  is 
concerned.  The  one  thing  that  is  forced  upon  his  attention  is 
that  its  purchasing  power  goes  down,  or  his  wages  actually  de- 
crease automatically  by  the  same  oi)erati(m  which  increases  the 
])rofits  of  the  manufacturer  and  the  merchant.  Uow  can  he  then 
rejoice  in  the  ])rosperity  which  acts  as  a  minus  (juantity  upcm  his 
interests?  I  know  well  enough  that  no  one  is  to  blame  for  this 
thing.  The  Avisdom  of  the  woi-ld  sim])ly  is  as  yet  insutficient  for 
many  industrial  problems.  It  is  well,  however,  constantly  to 
remember  that  while  schemes  for  wage  reduction,  or  for  getting 


Fig.  78. 


as  much  work  for  as  little  wage  as  possible,  may  have  a  place  in 
our  svstem,  it  is  still  ver\"  necessary  that  we  should  have  also' 
some  device  for  securing  all  around  increase  of  wages  sometimes 
when  such  is  only  simple  justice. 

M/'.  WilUcuii  Sangster. — Mr.  Hichards  must  have  advanced  his 
theory  for  the  purpose  of  starting  a  discussion.  It  is  directly 
opposed  to  one  of  the  most  elementary  principles  of  shop  prac- 
tice— i.e.,  '*  Reduce  Your  Labor  Cost,"  and  also  to  every  custom 
of  the  commercial  and  manufacturing  world.  If  we  represent 
abilit}",  production  or  quantity  of  material  involved  in  a  sale,  by 
the  curve  A,  Fig.  78,  we  shall  have  the  usual  rate  of  remunera- 
tion or  profit  expressed  by  B.  Exceptional  cases  may  run 
upward  as  at  C\  but  these  are  abnormal. 

A  man  receiving  §3.00  per  day  is  usually  over  50  per  cent. 
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better  than  a  man  at  $2.00,  and,  as  shown  in  the  diagram, 
receives  less  in  ])ro])ortion  to  his  ability. 

The  wage  problem  can  nev^er  be  definitely  settled.  New  con- 
/  ''ditions  of  manufacture  and  livino:  continually  arise  and  call  for 
"^  new  adjustments.  The  premium  system,  all  things  considered, 
is  the  fairest  method  of  settling  the  problem.  A  concern  has 
the  satisfaction  of  knowing  that,  Avhile  the  men  are  increasing 
their  own  rate  of  wages,  tlie}^  at  the  same  time  are  placed  in  a 
better  position  to  meet  competition.  One  of  the  natural  ten- 
dencies for  any  concern  is  to  reduce  the  selling  price  as  soon  as 
the  cost  of  production  warrants  it.  This  means  a  larger  busi 
ness,  more  men,  and,  if  carried  out  to  its  logical  conclusion,  a 
benefit  to  the  first  wage-earner  who  finds  his  cost  of  living  de- 
creased while  his  wages  have  been  increased. 

A  foreman  who  would  set  a  piece-work  price  at  over  70  or  75 
per  cent,  of  the  day  cost  would  be  considered  unfit  for  his  posi- 
tion, and  even  then,  if  he  so  wishes,  a  man  can  usually  turn  out 
such  an  increase  that  his  wages  outrun  the  proportion  of  pay  to 
abilit}^  There  is  no  gift  proposition  about  the  premium  system. 
It  simply  ensures  that  instead  of  one  man  doing  the  thinking  for 
several  others,  each  man  is  paid  for  the  use  of  his  brains,  and  his 
wages  are  increased  according  to  the  usual  proportion  of  remun- 
eration and  ability.  ^  ^ 

Mr.  W.  D.  Ennis. — Mr.  Richards  makes  certain  statements  in 
which  I,  for  one,  cannot  acquiesce.  In  (12)  he  advances  the  idea 
that  there  are  two  degrees  of  industry,  each  of  which  is  entitled 
to  be  considered  ^'a  fair  day's  work."  One,  he  says,  'Hhat  is 
recognized  as  such  and  accepted  as  satisfactory  all  around,"  and 
the  other  that  which  represents  the  ''  extreme  limit "  of  a  man's 
possible  accomplishment.  My  experience  and  judgment  lead  me 
to  believe  that  there  is  for  each  individual  one  "  fair  day's  work," 
representing  not  the  extreme  limit,  but  the  reasonable  maximum 
of  accomplishment  both  as  to  quantity  and  quality  of  product. 
To  get  this  maximum  out  of  his  men  is  the  business  of  every 
boss.  Piece-work,  premium  and  bonus  systems  are  methods  of 
helping  him  to  obtain  it. 

My  experience  with  piece-work  began  when  an  apprentice  at 
the  Rogers  Locomotive  Works.  The  system  was  introduced 
gradually,  l^o  pledges  were  made  with  regard  to  cuts.  Sev- 
eral cuts  were  made,  which — so  far  as  my  observation  extended 
— were  perfectly  just.     To  illustrate,  one  man,  not  a  machinist, 
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Imt  11  (lay  laborei",  had  tiie  job  of  ilrilliiig  st;iy  l)(>lts.  Tndor  the 
(hiy-work  systoui  hi*  was  apparently  a  ])retty  steady  workei*.  He 
earned  $I.L^')  a  day.  Put  on  piece-work  his  wa^^es  increased  to 
^3.00  and  s.'^i^."").  He  was  cut  severely,  but  could  still  make 
^2.25  per  day.  As  a  matter  of  fact,  he  worked  no  harder  than 
by  the  day,  but  he  kept  his  wits  more  about  him.  Two  dollars 
and  twenty-live  cents  a  day  was  a  good  high  price  for  that  man. 
He  had  simj)ly  been  rubbing  it  into  the  Com])any — doing  about 

00  cents'  worth  of  work  a  day  for  si. 2.").  Through  the  piece- 
work system  he  was  detected.  Unfortunately  there  was  no  way 
of  getting  back  the  money  lost  by  his  former  dawdling.  That 
was  just  so  much  to  the  bad.  A  great  many  men  who  had  en- 
joyed snaps  under  the  day-work  system  were  shrewd  enough  not 
to  give  themselves  away  as  he  did.  They  would  lay  back  in  the 
harness  just  as  they  had  before.  Day-workers  in  the  shop  got 
from  ^2.00  to  $2. SO  a  day — piece-workers  were  ex]>ected  to  make 
^2.75  to  ^3.00  (excepting  gang  foremen,  who  sometimes  ran  up 
to  §5.00).  If  a  man  bv  Fridav  had  done  enoucrh  work  to  brinsr 
in  a  pay  envelope  of  about  §10. uu  to  slS.OO  he  would  lay  off 
Saturday.  After  a  while  when  the  checking  system  was  per- 
fected, the  office  found  it  out,  and  there  Avere  more  cuts.  In 
this  case,  just  as  in  that  of  the  man  drilling  sta3'bolts,  the  cuts 
were  fully  justified.  The  men  had  been  swindling  the  bosses  for/ 
yeare.  Of  course  the  bosses  were  to  blame,  but  even  in  the  very 
best  supervised  shops  there  Avill  be  grafts  of  this  kind  practiced. 
A  man  is  paid  for  a  full,  fair  day's  work.  In  the  illustration 
cited  by  Mr.  Eiehards,  where  the  employes,  by  reason  of  special 
inducement,  increased  their  out])ut  from  10  to  15  wheels  per  day, 

1  think  the  average  foreman  would  conclude  that  10  wheels  were 
not  and  never  had  been,  a  full  fair  day's  work.  He  Avould  feel 
more  like  letting  those  men  out  for  playing  it  on  him  so  long  than 
paying  them  anything  for  the  5  extra  wlieels.  The  men  Avere 
not  ''equitably  paid'Mvhen  they  turned  out  10  wheels;  they 
Avere  OA^erpaid.  The  "'  fair  and  equitable  price,''  Avhich  it  is  the 
aim  of  the  piece-Avork  and  bonus  systems  to  establish,  should  not 
be  based  on  the  price  under  conditions  of  inefficient,  ha])hazard 
day-work,  but  upon  the  market  value  of  the  labor  necessary  to 
do  the  work.  This  is  not  measured  at  all  by  the  value  of  the 
increased  output;  it  is  determined,  like  the  market  value  of  every 
other  labor  or  commodity,  by  the  price  at  which  it  can  be  dupli- 
cated.    To  illustrate  :  A  day-worker  is  put  on  piece-Avork  and 


\ 
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swells  liis  earnings  to  $5.00  per  day.  'Now  everybody  knows 
that  average  niacliinists  do  not  earn  $5.00  per  day.  If  this  man 
does  more  or  better  work  tlian  any  other  man  can,  he  wdll,  of 
course,  get  his  $5.00;  but  if  another  machinist  can  be  hired  for 
$3.00  who  can  do  the  same  amount  of  work  in  a  day,  the  $5.00 
man  cannot  expect  to  stay. 

Furthermore,  the  daily  output  under  the  piece-work  system  is 
not  entirely  due  to  the  skill  and  speed  of  the  expert  machinist. 
Some  recognition  must  be  given  the  plan  of  operation — the  facili- 
ties for  economical  work,  the  specialized  tools  and  equipment — 
provided  by  the  employer.  The  opportunity  of  working  at  one 
job  steadilv  makes  a  man  especially  speedy,  without  perceptible 
increase  of  effort.  Shall  he  be  paid  excessively  for  an  advantage 
which  is  provided,  not  by  himself,  but  by  his  empoyler?  Is  it 
just  to  men  of  other  skilled  trades  to  have  machinists  drop  into 
a  gold  mine  where  they  can  pick  up  $4.00  or  $5.00  a  day  ?  Some- 
times an  unskilled  laborer  is  put  on  a  machine  without  having 
served  his  time.  He  gets  accustomed  to  his  job  and  easily  earns 
$3.00  to  $4.00  a  day.  The  machinists  themselves  object  to  this. 
Yet  if,  as  Mr.  Richards  puts  it,  we  are  to  pay  according  to  the 
value  of  the  product,  we  ought  to  pay  this  laborer  just  as  much 
as  we  would  a  machinist.  The  truth  is,  it  is  not  the  volume  of 
the  product,  but  the  value  of  the  tool,  that  we  pay  for  when  we 
buy  labor.  The  one  is  measured  by  the  other,  but  it  is  not  the 
same  as  the  other.  It  is  true  that  the  product  of  the  shop  is  paid 
for  according  to  its  volume;  but  in  this  case  there  is  for  sale 
something  which  represents  far  more  than  any  one  man's  muscular 
exertion.  "We  are  then  selling,  not  only  labor,  but  raw  mate- 
rials, transportation,  superintendence,  reputation  and  brains. 
The  value  of  the  unit  of  product-volume  regulates  itself.  It  is 
determined  just  as  the  value  of  labor  is  determined  by  the  cost 
to  duplicate  it. 

It  has  not  been  my  experience  that  ^^  daily  wages  and  the  same 
wage  for  each  offer  nothing  at  all  to  induce  one  man  to  do  more 
than  another."  In  the  most  conservative  of  day-work  shops 
there  are  inducements  for  one  man  to  do  more  than  another — 
the  inducement,  for  instance,  of  a  more  congenial  job,  or  that  of 
an  increase  in  pay,  or  that  of  promotion  to  a  more  responsible 
])lace.  It  is  true  that  there  is  not  enough  inducement  toward 
excellence.  Piece-work  and  premium  systems  are  trying  to 
make  more,    although    neither    system  can   long  countenance 
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Jlagraiit  nbiisos  and  (^\trava<^ances  Avitlioiit  making'  cuts.  Iliil 
piece-woik  will  not  l>c  ji  tlioronoh  remedy  for  imlolence.  Tlie 
best  remedy  is  the  one  that  lies  at  liand  in  every  department  of 
life — to  make  men  realize  that  in  a  free  country,  industrial  castes 
are  not  fixed,-  that  there  is  room  for  every  man  to  rise.  The 
best  men  will  rise.  It  is  right  that  the  lower  ranks  in  the  trades 
should  be  com[)aratively  unattractive.  Otherwise,  there  would, 
indeed,  be  ^'  nothing  at  all  "  to  induce  a  man  to  get  out  of  them. 
Promote  the  man  from  the  raidcs. 

The  offer  of  the  premium  system  is  not  that  of  a  sharper  to  a 
sim])leton.  It  is  the  offer  of  a  man  who  has  a  correct  judgment 
of  the  value  of  labor  and  goods  to  one  whose  maximum  reason- 
able energies  he  proposes  to  pay  for.  Piece-work  is  impracticable 
without  cuts.  The  best  ty])e  of  ])rogressive  workman  is  not  the 
man  Avho  has  been  loahng  all  his  life  and  who  is  silly  enough  to 
let  the  fact  be  known  for  the  sake  of  making  big  wages  during 
a  single  week  or  t^vo,  but  the  man  who  aims  all  the  time,  whether 
on  piece- Avork  or  day-work,  to  produce  work  of  quality  and  quan- 
tity which  will  command  for  him,  in  one  place  <^r  another,  the  best 
wages  paid  to  men  of  his  trade.  That  kind  of  a  man  gets  recog- 
nition every  time. 

Mr.  E.  S.  Bayer. — It  seems  to  me  that  Mr.  Richards  has  as- 
sumed that  when  each  man  turns  out  10  w^heels  per  clay,  the  men 
are  turning  out  a  quantity  which  might  be  expected  from  the 
average  workman.  The  truth  of  the  matter  is,  however,  that 
the  average  output  is  probably  never  known  until  the  premium 
plan  has  been  put  into  effect.  Mr.  Richards  admits  that  it  is  the 
tendency  of  the  workman  to  do  only  the  amount  of  work  neces- 
sary to  hold  the  job,  and  as  the  labor  organizations  require  the 
same  pay  for  each  man  doing  the  same  kind  of  -work,  the  ten- 
dency of  the  men  is  to  work  to  the  standard  of  the  least  efficient 
workman  rather  than  to  that  of  the  average  workman. 

Let  us  assume  that  there  are  three  men.  A,  E  and  C,  each  run- 
ning a  lathe,  the  lathes  precisely  alike,  and  each  turning  out  the 
same  amount  of  w^ork  ]3er  day.  We  will  assume  that  this  Avork 
is  the  boring  and  turning  of  10  wheels  of  a  special  style.  The 
wages  of  each  man  is  ^3.00  per  day.  The  total  number  of 
Avheels  turned  out  is  30,  and  the  total  labor  cost  is  89.00.  The 
labor  cost  of  each  wheel,  therefore,  is  30  cents,  and  the  average 
output  per  man  per  day  is  10  wheels. 

Kow  at  the  end  of  the  fii.'st  day  that  the  premium  plan  has 
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been  ill  effect,  we  would  probably  find  that  A  has  turned  out 
14  Avheels,  J>  12  wheels,  and  C  10  wheels.  If  we  give  a  premium 
of  half  the  labor  cost  on  the  increased  output,  A's  premium  Avould 
be  00  cents,  IVs  30  cents,  and  C,  of  course,  earns  no  premium. 
We  have  obtained  a  total  outi)ut  of  30  wheels  per  day  at  a  cost 
of  ^l).t)0,  or  an  average  cost  per  wheel  of  27^  cents.  We  have 
also  learned  that  the  averdge  output  per  man  per  day  is  12  wheels. 
In  other  words  when  we  required  an  output  of  only  10  wheels 
per  day  we  were  working  to  the  standard  of  the  least  efficient 
man.  The  effect  of  the  premium  plan  has  shown  us  that  the 
average  output  per  man  is  12  wheels  per  day,  and  if  we  agree 
with  the  labor  organizations  that  $3.00  per  day  is  a  fair  price 
for  the  average  workman  on  this  amount  of  work,  why  have  we 
not  the  riglit  to  require  the  average  output  ? 

]^ow  if  A,  B  and  C  each  finish  12  wheels  per  day,  the  total 
output  Avould  be  30  wheels  and  should  cost  the  employer  $9.00 
or  25  cents  per  Avheel.  Comparing  this  figure  with  the  average 
labor  cost  of  each  wheel  when  the  employer  requires  an  output 
of  10  wheels  per  day  and  pays  a  premium  of  half  the  labor-cost 
on  each  additional  wheel,  you  will  note  that  under  this  premium 
plan  the  employer  is  paying  2^  cents  per  wheel  more  than  he 
justly  should. 

Mr.  II.  M.  JVorrls. — I  have  somewhere  heard  a  jingle  which 
runs,  as  nearly  as  I  recall,  as  follows  : 

Some  say  the  world  is  bad  _ 

As  others  try  to  make  it, 
But  whether  it  is  good  or  bad 

Depends  on  how  you  take  it. 

which,  I  think,  applies  to  one's  opinion  of  the  relative  merit  of 
the  two  S3"stems  under  discussion.  Almost  any  system  can  be 
made  to  appear  better  than  another  Avhen  conclusions  are  drawn 
'  from  comparisons  based  on  assumptions,  but  conclusions  thus 
reached  are  apt  to  be  far  astray  from  the  actual  results  derived 
from  a  practical  application  of  the  system. 

Mr.  Richards  appears  to  lay  great  stress  on  the  *^  justice  and 
propriety  "  of  jyayingp/'o  rata  for  all  work,  but  I  fail  to  see  why 
he  concerns  himself  with  questions  of  this  sort.  If  it  takes 
5  hours  to  machine  5  pieces  of  work,  what  possible  difference 
does  it  make  to  the  workman  whether  he  is  paid  iO  cents  for  the 
first  piece,  35  cents  for  the  second,  30  for  the  third,  25  for  the 
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fourth,  juul  1^0  lor  llio  lilLh,  or  ;it  a  j/ro  /•dtn  r;it(3  ol"  !)()  (M^nts 
each?  The  ri^sult  is  identical,  as  is  tliat  derived  from  tlie  piecu;- 
work  and  preniiuni  systems — promded  one  knowti  how  iojiui  .suit- 
able rates. 

It  is  customary,  I  believe,  to  fix  piece-work  prices  20  ])cr  cent, 
lower  than  the  work  cost  when  madc^  by  the  day,  whih^  und(»r 
the  premium  ])lan  tlie  time  limits  are  usually  fixed  accord in;^  to 
the  time  spent  on  the  work  under  the  day's-work  plan.  Com- 
])aring  the  earning-s  of  Mr.  Iiichards'  two  men  on  this  basis,  we 
find  that  the  result  is  quite  different  from  that  shown  by  him — 
that  instead  of  the  workman's  earnings  being  greater  under  the 
piece-work  system,  they  are  4  per  cent,  greater  under  the  pre- 
mium plan,  as  per  figures  below,  in  which  the  premium  is  figured 
at  one- half  of  wages  : 

Premium  Plan.  Piece    Work. 

Interest  on  lathe  and  plant. ......           .65  .65 

Power  and  operating  expenses .35  .35 

OflBce  expenses. .    .50  .50 

Wages  at  time  limit  of  1  hour  eacli        3.75  ..... 

Wages  at  24  cents  per  wheel 3 .  60 

Total  cost  per  day $5 .  25  |5 .  10 

From  which  it  would  appear  that,  properly  administered, 
either  system  is  ecjually  fair  to  men  .of  equal  shell.  We  know, 
however,  that  there  is  not  in  one  of  our  works  two  men  who  are 
able  to  produce  an  equal  amount  of  good  Avork  within  any  given 
period  of  time,  and  it  is  due  mainly  to  this  fact  that  the  premium 
plan  has,  in  the  opinion  of  so  many,  proven  superior  to  the  older 
system. 

For  example,  suppose  the  rate-fixing  department  estimates  that 
10  hours  is  a  fair  allowance  for  cutting  a  lot  of  16  gears,  and 
that  it  is  willing  to  pay  a  premium  of  9  cents  per  hour  if  the 
work  is  gotten  out  in  this  time.  The  time  limit  Avould  then  be 
fixed  at  10  +  [(10  x  ,09)  -^  .15]  =  16  hours,  while  if  the  work 
were  to  be  given  out  under  the  jiiece-work  system  the  depart- 
ment woud  probably  figure  as  follows  :  [10  (.30  +  .09)]  ^  16  = 
2if  cents  each,  in  which  event  the  average  premium-worker 
would  be  expected  to  earn  [.15  (16  -  10)  +  (.30  x  10)]  -^  10  = 
%  .39  per  hour,  while  the  average  piece-worker  w^ould  earn 
(16  X  .24f)  -^  10  =  S  .39  per  hour  also. 

So  far  so  good,  but  the  next  lot  is  assigned  to  workmen  who 
consume  12  hours  in  performing  the  work.     The  premium- worker 
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then  earns  [.15  (IG  -  12)  +  (.;U)  x  12)]  -f-  12  =  $  .35  per  hour, 
Avliile  the  piece-worker's  earnings  are  but  (.24f  x  16)  -^  12  = 
$  .32 J  per  hour. 

'Now  let  us  su])])ose  tliat  tlie  next  time  the  job  is  assigned  it 
falls  into  the  hands  of  tlie  two  best  men  in  the  shop,  who  get  the 
Avork  out  in  8  hours.  The  premium-Avorker  Avould  then  earn 
[.15  (10  -  8)  +  (.30  X  8)]  -r  8  =r  $  .45  per  hour,  and  the  piece- 
Avorker  (.24f  x  16)  ^  8  =  $  .48f  per  hour.  Putting  these  sev- 
eral results  in  tlie  form  of  a  table,  AA^e  see  that 
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Premium  plan 

if  the  rates  are  right  for  the  ^'Fair"  workman,  the  ^^Best" 
men  earn  most  under  the  piece-work  system,  while  the  ^'  Poor  " 
ones  earn  most  under  the  premium  plan.  Under  the  latter  the 
^'Best"  men  earn  10  cents  per  hour  more  than  the  ''Poor" 
ones,  AAdiile  under  the  former  the  "Best"  men  earn  16^  cents 
per  hour  more  than  the  "Poor"  ones,  w^hich,  to  my  mind,  is 
a  graA^e  fault,  in  that  it  offers  too  little  encouragement  to  the 
poor  men,  and  overpays  the  best.  By  ' '  OA^erpay s  ' '  I  mean 
that  it  rewards  the  men  more  than  necessary.  The  object  of 
both  systems  is  to  reduce  cost  to  the  loAvest  possible  figure,  and 
the  question  is  how  much  must  be  paid  to  effect  this  reduction. 
If  too  little  is  offered,  the  object  aa^U  fail,  Avhile  if  too  much  is 
offered  the  surplus  is  a  direct  loss. 

Rate-fixing,  at  best,  is  alAA^ays  more  or  less  a  matter  of  edu- 
cated guessing,  and  other  things  being  equal,  that  system  is  best 
Avhich  best  protects  both  parties  to  the  agreement.  Suppose 
that  instead  of  the  best  men  taking  8  hours  for  machining  the 
above  lot  of  gears  they  got  them  out  in  5  hours,  the  2:>remium- 
AA'orker  Avould  receive  [.15  (16  —  5)  +  (.30  x  5)]  -^  5  =  $  .63  per 
hour,  Avhile  the  piece- Avorker  Avould  receive  (.24f  x  16)  -^  5  = 
$  .78  per  hour. 

The  first  increases  his  earnings  2.1  times,  Avhile  the  second  in- 
creases his  2.6  times,  AA^hich,  in  my  judgment,  is  the  opposite 
from  "  fair  and  equitable."  Errors  in  rate-fixing  are  bound  to 
occur  under  either  system,  and  if  the  Avorkman  has  an  adA^antage 
when  a  rate  is  fixed  too  low,  it  is  no  more  than  fair  that  the 
manufacturer  should  haA^o  an  adA^antage  Avhen  the  rate  is  fixed 
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too  lii^li.     It  is  presuiiUHl,  of  course,  that  neither  will  scrk  an 
a(l\  antaj^e  over  the  other. 

Mr.  Richards  admits  that  "  the  ])reinium  plan  is  to  he  a(hnired 
for  tlio  sweetness  of  its  approach  and  its  avoichmce  of  anytliing 
hut  ])leasant  suggestions/'  wliicli  is  certainly  one  point  in  its 
favor.  He  must  also  admit  that,  since  there  is  less  lluctuation 
in  the  men's  earnings,  less  care  is  re(piired  in  fixing  the  rates, 
which  will  he  two  points  gained.  And  he  can  j^'olMhly  he 
hrought  to  admit  that  a  rate-lixer,  realizing  that  each  time  a 
])iece  price  is  fixed  too  high  the  firm  will  have  to  pay  exorhitant 
wages  as  long  as  the  w^ork  is  manufactured,  will  endeavor  to  err 
the  other  way  and  fix  the  rates  too  low,  therehy  curtailing  every- 
one's average  earnings,  in  Avhich  event  he  must  concede  a  third 
point,  and  it  is  my  firm  helief  that  the  further  he  carries  these 
comparisons  the  sooner  he  Avill  join  the  ranks  of  the  advocates 
of  the  premium  system. 

Mr,  II.  L.  Ganit. — To  take  up  even  the  most  ]X)inted  issues 
Mr.  Eichards  oilers  would  require  too  much  tnne,  but  the  state- 
ment in  paragra])h  2  that  wT)rkmen  take  no  interest  in  their  work 
and  have  no  desire  to  do  better,  is  the  reverse  of  the  experience 
of  the  writer  with  men  working  wn({QY permanent  piece  rates,  or 
the  Bonus  System.  If  Mr.  Ilichards  had  read  Mr.  Taylor's 
paper  on  a  ^' Piece  Eate  System,"  or  my  paper  on  ^' A  Bonus 
System,"  and  attempted  to  verify  the  statements  made  in  them, 
he  would,  I  think,  have  left  a  large  part  of  his  paper  unwritten. 
The  second  is  an  outgrowth  of  the  first,  and  is  simply  an  attempt 
to  carry  out  the  same  principles  in  a  more  elastic  manner. 

As  the  Bonus  System  has  been  stigmatized  as  a  gift  proposi- 
tion, I  shall  confine  my  remarks  to  a  description  of  the  principles 
on  which  it  is  based,  and  leave  to  the  members  the  question  of 
assigning  it  to  its  proper  category. 

Our  object  is  to  buy  labor,  and  before  attempting  to  do  so, 
we  should  try  to  find  out  as  nearly  as  possible  on  what  conditions 
those  who  have  it  for  sale  will  put  it  at  our  disposal.  A  study 
of  the  subject  from  statistics  reveals,  among  others,  the  following 
facts  about  the  ordinary  workman  : 

1.  For  a  fixed  dailv  wao;e  he  will  seldom  do  more  than  a  frac- 
tion  of  the  work  he  can  do. 

2.  He  usually  follows  very  closely  the  methods  which  he  has 
been  taught,  and  is  generally  incapable  of  improving  them  to  any 
great  extent  without  assistance. 
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3.  He  is  generally  satisfied  to  jog  along  according  to  liis  old 
methods  at  liis  liabitual  s])eed  for  a  specific  day's  pay,  but  will 
generally,  if  a  sullicient  financial  inducement  be  offered,  work  to 
his  full  capacity  and  follow  exactly  instructions  laid  down. 

4.  This  additional  incentive  has  been  found  by  experience  to 
vary  with  the  class  of  work  from  20  per  cent,  to  80  per  cent,  of 
his  day's  pay. 

If  the  work  is  light  and  the  workman  is  not  physically  tired 
at  the  end  of  the  day,  this  extra  compensation  may  be  as  low  as 
20  per  cent.  As  an  actual  example  of  this  class,  I  may  cite  the 
running  of  a  metal  saw,  in  which  the  extra  labor  of  the  work- 
man is  making  changes  quickly  and  seeing  that  his  machine  is  in 
condition  to  do  its  best  work.  If  the  work  is  such  that  the  man 
becomes  physically  tired  at  the  end  of  the  day,  this  extra  incen- 
tive must  be  from  30  per  cent,  to  50  per  cent.  The  running  of 
ordinary  machine  tools  such  as  lathes,  planers,  slotters  and  drill- 
presses,  come  under  this  head,  as  do  most  kinds  of  ordinary 
laboring  work,  such  as  shovelling  coal,  sand,  ore,  etc.,  the  hand- 
ling of  iron,  the  chipping  of  castings,  etc. 

If,  in  addition  to  becoming  physically  tired,  the  workman  has 
to  be  subject  to  unpleasant  conditions,  such  as  excessive  heat, 
smoke  or  gases,  he  requires  a  higher  incentive  to  make  him  do  all 
he  can.  From  60  per  cent,  to  80  per  cent,  will  cover  the  usual 
conditions  of  blacksmithing,  hammering,  and  work  around  fur- 
naces. As  an  example  of  an  extreme  case,  I  may  cite  the  ham- 
mering of  tool  steel,  which  falls  within  these  limits. 

There  are  undoubtedly  conditions  that  call  for  a  higher  extra 
compensation,  but  what  I  have  cited  will  answer  my  purpose  of 
illustration. 

The  conclusion  from  the  above  statements  is  that  no  matter 
what  the  work  is  or  how  slowly  it  is  being  done  by  ordinary  day 
work,  we  can,  by  determining  the  proper  amount  for  a  full  day's 
work  and  offering  a  suitable  compensation  for  its  accomplish- 
ment, get  a  large  number  of  men  who  will  work  at  the  increased 
speed  in  order  to  earn  the  reward  which,  for  want  of  a  better 
name,  I  have  called  a  honus. 

The  problem  of  determining  a  full  day's  work  has  been  studied 
very  thoroughly  by  Mr.  Taylor,  and  in  his  pajDer  on  a  '^  Piece 
Rate  System"  the  subject  of  investigation  has  been  gone  into, 
and  the  necessity  of  educating  the  workman  to  follow  the  direc- 
tions of  the  expert  fully  explained. 
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111  my  ])a|)or  on  the  '*  Ilonus  System/'  1  liavo  shown  how  this 
ediicatin*,^  can  he  (h)n('  hy  Instruction  cards,  wliich  sorve  also  as 
permamMit  records  of  expert  woi'k.  AVhen  my  ]»a|K'r  on  th<' 
'*  Bonus  System"  was  n^ad  last  year,  a  nund)er  <jf  ])eo]>le  said 
the  ])rinci|>les  had  l)cen  applied  only  to  certain  classes  of  work, 
and  were  not  ii^enerally  a])plical)le.  Soon  after  readin<^  the  ])a])er 
leferred  to,  the  writer  had  the  op])ortunity  to  ^''o  with  the 
American  Locomotive  Comi)any  as  Consultin<^  Engineer,  and 
realizing  that  if  tiie  principles  were  a]iplicable  to  locomotive 
building  they  wouhl  be  universally  applicable,  he  accepted  the 
position  at  once. 

On  account,  however,  of  the  largeiimount  of  preliminary  work 
it  was  necessary  to  do,  and  the  fact  that  all  the  plants  of  the 
combine  excejit  one  had  in  satisfactory  operation  a  system  of 
piece  or  contract  work,  the  field  for  the  api)lication  of  the  ]>onus 
System  itself  was  limited  to  the  one  ])lant  which  ^vas  being  0})er- 
ated  on  day  work.  I  am  able  to  say  that  in  this  ])lant  the  system 
has  l)een  successfully  started,  and  not  only  are  those  men  to 
whom  it  has  been  a])plied  pleased,  but  their  neighbors  are  push- 
ing their  machines  harder  than  they  ever  did  before,  with 
the  hope,  evidently,  that  they  Avill  be  chosen  next.  This  is 
exactly  the  reverse  of  the  effect  produced  by  the  ordinary  piece- 
work. 

I  should  do  the  suljject  an  injustice,  however,  if  I  should  stop 
here,  for  a  certain  amount  of  work  based  on  the  principles  of 
the  Bonus  System  with  Instruction  cards  is  being  done  in  other 
plants  of  the  American  Locomotive  Company,  and  with  such 
success  that  at  the  request  of  one  of  our  su])erintendents  I  have 
recently  been  to  a  steel  foundry  furnishing  him  with  castings  to 
help  them  adopt  the  system  to  their  work,  Avith  the  hope  on  the 
part  of  our  superintendent  that  he  will  get  his  steel  castings  with 
the  same  satisfaction  that  he  now  gets  iron  castings  from  his 
own  foundry.  These  satisfactory  results  are  gotten  by  keeping 
a  daily  balance  of  work  done,  on  a  sheet  which  serves  the  same 
end  for  a  whole  order  that  the  Instruction  card  does  for  work 
on  a  single  piece  in  one  machine.  By  means  of  such  a  sheet,  or 
series  of  sheets,  we  are  enabled  to  compare  graphically  each  day 
what  has  been  done  with  what  ought  to  have  l:>een  done,  and  use 
our  energies  in  pushing  forward  that  which  is  behind.  Xatu- 
rally,  such  a  sheet  should  be  first  introduced  in  the  foundry  and 
the  forge,  for  to  ship  a  locomotive  on  a  certain  day  each  casting 
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and  fort^iiif^  must  bo  iiuule  a  defiiiite  lengtli  of  time  before  that 
day  to  allow  for  machining  and  erecting.  Such  a  sheet  for  the 
founxb'}'  shows  the  date  each  casting  sliould  be  made  and  is  made, 
and  a  |)ro})er  series  of  sheets  for  the  macliine  and  erecting  shops 
show  the  route  each  piece  should  take,  and  the  rate  of  progress 
it  should  make  to  arrive  at  the  erecting  shop  in  time  to  be  incor- 
porated without  delay  in  the  locomotive.  This  series  of  sheets 
may  be  likened  to  a  train  schedule,  the  Instruction  cards  being 
directions  or  time  tables  in  detail  for  moving  each  })ortion  of  the 
work,  the  most  important  point  being  to  avoid  delays  in  making 
connections.  Having  gotten  the  schedule  in  such  shape  that  Ave 
can  make  connections  promptly,  the  next  effort  of  the  manufac- 
turer is  to  shorten  the  time  of  each  piece  over  its  route  as  much 
as  possible.  This  can  be  done  by  shortening  the  time  on  each 
element  of  the  route  as  re})resented  by  an  Instruction  card,  and 
by  changing  the  route.  Both  of  these  operations  in  manufactur- 
ing are  best  done  by  experts,  here  again  bearing  out  the  analogy 
to  a  railroad,  and  new  Instruction  cards  and  schedules  made  out. 
The  compensation  set  for  following  these  Instruction  cards  must 
be  made  satisfactory  to  the  workman,  or  the  piece  will  not  move 
promptly.  The  foreman  who  sees  that  the  pieces  pass  through 
his  territory  on  schedule  time  should  also  get  additional  compen- 
sation for  efficiency.  Thus  the  whole  system  produces  harmony, 
the  foremen  being  instructors  and  helpers  rather  than  drivers, 
for  their  interest  and  that  of  the  men  is  the  same. 

I  do  not  pretend  that  what  I  have  outlined  is  all  in  operation 
in  one  place;  that  would  be  more  than  the  most  sanguine  could 
hope  for  as  the  result  of  less  than  a  year's  work,  but  I  can  point 
to  nearly  everything  in  operation  somewhere,  and  the  best  fea- 
ture of  the  whole  subject  is  the  hearty  co-operation  of  all  con- 
cerned when  they  have  once  grasped  the  idea  and  got  it  started. 
The  foreman  of  a  foundry  where  this  has  been  started  told  me 
that  his  job  was  much  more  pleasant  than  it  had  been.  The 
order  in  which  his  work  was  wanted  had  been  fixed,  and  he  was 
not  bothered  by  people  who  thought  that  they  ought  to  be  served 
first.  The  foreman  of  the  machine  shop  in  the  same  plant  told 
me  that  his  running  around  had  been  cut  in  half. 

In  other  words,  exact  instructions  and  records  in  place  of  judg- 
ment and  memory  will  put  responsibility  where  it  belongs,  and 
give  credit  where  it  is  due.  To  sum  up  the  subject  then,  the 
Bonus  System  consists  simply  in: 
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1.  Having*  evorv  ])r(>bUMii,  l)i«^-  oi'  litlh',  invostigated  1)V  tlic 
best  experts  available. 

2.  Teaching  the  results  of  the  expert  investigation  to  those  not 
c'apal)le  of  making  it. 

3.  liewarding  such  men  as  show  themselves  able  and  willing 
to  carry  out  the  methods  adopted. 

The  direct  results  are  :  Increase  in  cpiantity  of  out])ut ;  in- 
crease in  economy  of  output;  increase  in  etiiciency  of  workmen. 

An  indirect  result  of  the  keeping  the  exact  records  that  such 
a  svstem  demands  is  the  moral  effect,  for  in  the  daily  balancing 
of  accounts  everything  comes  to  light,  and  he  who  prefers  dark- 
ness finds  the  conditions  un])leasant. 

As  some  will  ask  about  the  amount  of  clerical  work  needed, 
I  might  as  well  answer  it  now.  The  subject  of  shop  records 
and  shop  accounting  has  until  lately  been  given  so  little  atten- 
tion that  the  ordinary  methods  are  very  crude,  for  the  reason 
that  few  shop  men  are  expert  bookkee])ers,  and  few  bookkeepers 
know  the  needs  of  the  shop.  By  the  adoption  of  modern  methods 
all  the  clerical  work  I  have  indicated  can  usually  be  done  by  the 
Time  and  Cost  Department  in  addition  to  their  regular  work, 
without  additional  clerks,  and  sometimes  with  fewer. 

Mr.  11.  L.  Gantt. — I  want  to  say,  in  supplement  to  the  fore- 
going written  contribution,  that  the  ideas  expressed  are  the 
development  of  a  great  deal  of  work.  Mr.  Fred.  Taylor  began 
this  work  about  twenty  years  ago.  I  myself  have  been  doing 
it  for  about  fifteen  years.  In  one  place  I  state  that  nearly  all  of 
the  ideas  which  are  suggested  are  in  operation.  That  discussion 
was  written  some  ten  davs  aofo.  I  can  sav  now  that  I  can  erase 
the  word  ''  nearly,"  and  say  that  all  of  those  things  are  in  opera- 
tion somewhere,  and  the  people  who  are  using  them  are  very 
much  pleased  with  the  methods  which  they  are  using,  and  are 
going  to  carry  them  out.  I  have  with  me  a  certain  number  of 
records,  which  show  how  the  work  is  being  done,  and  shall  be 
very  glad  to  explain  to  anybody  who  is  interested. 

3//*.  Chas.  F.  MeGUL— It  seems  to  me  that  one  question  has 
been  lost  sight  of  in  this  discussion.  My  experience  has  been 
that  with  the  piece-work  system,  as  it  is  carried  out  to-day,  pro- 
duction is  restricted,  and  that  we  are  trying  for  an  increased 
production  most  of  us  will  admit.  To  illustrate,  from  my  own 
experience,  in  going  through  a  shop  under  my  charge,  a  man 
who  tiad  worked  at  the  business  probablv  thirtv  vears,  met  me 
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and  remarked,  "  I  have  got  two  liours  to  loaf."  Tliis  was  about 
four  o'clock.  1  naturally  wanted  to  know  how  that  came  in, 
and  lie  said,  "  This  particular  ])iece  of  work  that  1  am  doing  is 
paid  for  at  the  I'ate  of  ten  houi's,  everything- has  gone  riglit  with 
me  to-day,  and  I  have  finished  it  in  eight  hours,  and  1  know, 
and  I  think  you  knovv,  that  if  I  put  in  my  time-card  showing 
eight  hours  on  that  ])iece  of  work,  the  next  time  I  get  it  I  am 
going  to  get  a  price  equal  to  eight  hours,"  and  I  could  not  dis- 
2)ute  him.  As  another  illustration,  I  remember  an  instance  where 
certain  workers  were  told  that  they  Avould  be  allowed  to  make 
more  wages.  When  word  Avas  given  out  to  different  foremen 
that  their  employees  could  ])ut  in  so  much  more  in  the  way  of 
Avages,  some  of  them  remarked,  "Well,  Ave  have  heard  that  be- 
fore ;  he  could  talk  for  several  days,  but  Ave  knoW'  Ave  Avill  be  cut 
if  AA'e  do  it." 

This  is  wrong  in  principle,  and  goes  to  prove  the  assertion 
that  the  piece- Avork  system,  as  carried  out  in  most  places,  tends  / 
to  restrict  production. 

A  Avorkman  does  not  need  to  haA^e  his  prices  cut  many  times 
before  learning  hoAv  much  he  is  alloAved  to  make,  and  governing 
himself  accordingly. 

When  a  man  comes  and  asks,  "  Hoav  much  am  I  allowed  to 
put  in.  for  a  day's  Avork,"  it  doesn't  sound  AA^ell? 

I  am  satisfied  Avhere  the  piece-Avork  system  is  carried  out  as 
I  have  described,  by  a  change  to  the  premium  plan,  production 
could  be  increased  20  per  cent — I  think  there  could  be  more  of 
an  increase  made  than  that.  The  idea  that  Ave  should  be  honest 
Avith  our  men  is  a  good  one.  The  fact  that  Ave  are  not  is  very 
])lain  to  everybody.  The  men  knoAv  it.  The  man  knows  that 
if  he  makes  more  than  a  certain  proportion  his  price  aa^U  be  cut. 
If  he  kncAv  that  it  Avould  not,  there  Avould  not  be  any  object  in 
his  restricting  production.  His  endeaA^or  aa^ouM  be  to  get  out  all 
he  could.  This,  Ave  knoAV,  is  not  the  case  as  the  piece-Avork  sys- 
tem is  carried  out. 

Mr.  F.  II.  Bayer, — There  is  one  ])hase  of  this  premium  for 
piece  work  Avhich  has  not  been  brought  out  in  discussion.  I  am 
Avhere  I  can  see  men  w^ho  are  sent  oiit  for  the  erection  of  work, 
engines  and  machinerj^.  When  the  estimate  is  made  up,  there 
is  a  certain  percentage  put  in  for  the  cost  of  the  erection.  ]N"oaa^, 
Avhen  that  erecting  engineer  goes  out,  you  do  not  get  a  chance 
to  see  him  for  two  Aveeks  or  tAvo  months,  as  the  chance  may 
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occur,  but  if  bo  conios  back  witli  bis  sboets  sho\vin<^  a  certain 
percentage  less  tban  be  estimated  for  tlie  erection  oi  the  work, 
he  gets  a  ])er  cent,  of  the  amount  saved.  AVbat  <loes  it  mean? 
It  means  that  that  erecting  foreman  is  wateliing  his  deliveries  of 
freiffbt.  It  means  that  be  is  constantlv  in  consultation  witli  the 
oltice.  It  means  that  be  is  emploving  only  the  best  men.  It 
means  be  does  not  permit  them  to  smoke  nor  to  idle  tlieir  time 
away,  and  the  contracting  jmrty  gets  the  benelit  of  bis  watchful- 
ness and  be  also  gets  the  benelit.     It  has  been  a  success. 

Mr.  H.  II.  Suplee. — In  paragraph  5  of  bis  ])aper,  Mr.  Ilicbards 
calls  attention  to  the  fact  that  we  do  not  use  gift  propositions  in 
our  own  every-day  transactions,  and  be  suggests  that  we  might 
use  a  bonus  system  for  rewarding  the  grocer,  or  a  premium  plan 
of  paying  for  beef,  etc.  I  think  ]\[r.  Ilicbards  has  got  bold  of 
the  Avrong  end  of  that.  The  premium  is  the  other  way.  People 
who  want  us  to  deal  witb  them  offer  a  lower  price. 

Col.  E.  D.  Meier. — I  think  that  both  the  writer  of  the  paper, 
Mr.  Richards,  and  some  of  the  debaters  take  a  somewhat 
Utopian  view  of  the  situation.  ^Ir.  Tlicbards,  probably  on  ac- 
count of  bis  long  service  in  the  same  shop  and  bis  rise  there,  has 
created  a  feeling  among  the  workmen  which  enables  him  to  do 
things  which  perhaps  the  average  man  coming  into  a  new  shop, 
and  especially  a  large  shop,  cannot  do.  We  are  very  often  in 
a  situation  where  we  cannot  choose  the  men.  We  have  to  take 
the  men  as  we  find  them.  It  is  very  difficult,  especially  in 
times  of  prosperity,  to  get  more  men.  It  is  not  a  question  of 
discharging  a  man  and  getting  another.  You  cannot  get  an- 
other, and  therefore,  I  think,  the  bonus  system,  as  proposed  and 
elucidated  by  Mr.  Gantt,  is  the  best  solution  of  the  problem. 
We  cannot  ignore  the  fact  that  labor  unions  tend  to  restrict  pro- 
duction by  making  tbe  pay  of  the  poorest  workman  the  same  as 
that  of  the  best,  which  Idlls  individual  ambition  and  energy.  I 
think  the  bonus  system  a  very  practical  way  of  meeting  that. 

Mr.  Richards. — I  would  like  to  correct  one  assumption  of  the 
last  speaker.  My  experience  is  of  several  shops  of  different  char- 
acter— not  of  one  shop.  I  meant  tbe  American  machine  shop  as 
a  generic  term.  My  experience  has  been  in  several  shops  of  very 
different  character. 

Mr.  Gantt. — A  member  has  said  be  wants  to  know  what  has 
been  spent  on  any  job  at  the  end  of  tbe  year.  I  want  to  know 
it  tbe  next  dav.     We  cannot  correct  it  if  it  is  awav  behind.     I 
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want  a  daily  balance  of  what  goes  on.     I   want  to  know  liow 
nmcli  was  s})ent  yesterday,  and  I  ani  so  far  encouraged  as  to 
have  a  man  tell  me  in  the  last  two  or  three  days  that  he  hopes  in 
the  next  three  or  four  months  that  he  will  be  able  to  tell  what 
money  has  been  spent  in  the  whole  plant  on  miscelhmeous  work 
by  noon  the  next  day,  and  what  it  has  been  spent  for.     Mr. 
Rogers  says  he  has  instituted  the  premium  system  here  and  there, 
and  as  soon  as  he  left  it  was  gone — all  wiped  out.     I  have  to  say 
that  I  have  been  visiting  eight  plants  during  the  last  year,  and 
in  four  of  those  plants  some  of  these  principles  which  I  have  illus- 
trated have  been  put  in  operation.     Personally  I  have  not  made 
a  stroke.     I  object  to  doing  a  single  bit  of  it  myself.     I  insisted 
that  the  people  should  understand  what  it  meant,  and  that  they 
should  do  it  if  they  wanted  it.     I  did  not  have  the  authority  to 
say,    "You  gentlemen  must   do  this."     I  was  allowed  to  go 
around  and  see  if  I  could  do  anything.     They  told  me  at  first 
that  they  did  not  believe  in  what  I  was  talking  about.     Kobody 
was   interested.     Finally  one   concern   said,    "We  are   having 
trouble  with  our  foundry."     I  said,  "  All  right,  gentlemen,  then 
try  the  daily  balance  that  I  suggested  in  your  foundry."     They 
tried  it  in  their  foundry  work,  and  in  two  months  they  made 
the  statement  that  they  are  going  to  extend  the  same  principles 
throughout  the  works,  and  asked  me  if  I  would  not  go  to  the 
steel  foundry  where  they  are  getting  the  steel  castings,  and  see 
if  I  could  not  persuade  those  joeople  to  do  the  same  thing  in 
order  that  they  may  get  their  steel  castings  when  they  want 
them.     That  is  the  condition  of  affairs,  and  it  is  because  I  do 
not  attempt  to  do  these  things  myself — if  I  am  part  of  the  organi- 
zation all  right,  but  if  I  am  not  part  of  the  organization,  it  must 
be  done  through  the  organization  as  it  exists.     If  those  people 
cannot  understand  it,  they  had  better  not  touch  it.     If  they 
understand  the  principles  and  find  anything  which  is  useful  to 
them,  then  they  will  use  it;  otherwise  not. 

Mr.  W.  8.  Rocjers. — I  would  like  to  advise  Mr.  Gantt  that 
there  are  hundreds  of  concerns,  large  and  small,  in  this  countrj^ 
to-day  who  do  not  use  his  system,  and  they  can  know  an  hour 
after  a  piece  of  work  is  done  or  a  machine  built,  just  what  it  has 
cost,  and  they  can  find  just  what  the  loss  was  either  in  material 
or  anything  else.  Then  he  says  he  has  been  to  eight  concerns. 
Probably  the  members  do  not  know  that  these  eight  concerns 
are  all  owned  by  one  company.     There  are  many  concerns  run- 
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nin<^  forty  or  fifty  men  that  cannot  afford  to  pay  a  :?10,000  ex- 
ix?rt  to  run  their  business  and  have  anythin<^  left.  Now,  the 
pix?miuiu  plan  is  a  good  thing  in  its  place,  and  the  bonus  plan  is 
a  good  thing  in  its  place;  but  I  will  tell  you  a  better  plan  that 
will  wipe  the  labor  union  ])r<)blenis  out  of  existence  and  make 
your  men  tlie  best  workers  that  ever  were  j)ut  on  the  face  of  the 
earth  :  Permit  every  man  to  own  a  share  of  the  stock  or  an  in- 
terest, if  it  is  only  S20.00  worth,  and  there  is  no  force,  monopoh' 
or  combination  on  earth  to  drive  you  out  of  business.  And  to 
illustrate  that,  look  at  the  Ivorydale  Soap  AVorks  at  Ivorydale. 
Our  Society  went  there  a  few  years  ago,  but  we  did  not  learn 
the  lesson  from  the  workmen  and  workwomen  there.  Every 
woman  and  girl  was  interested,  and  there  was  nothing  lost.  The 
same  thing  holds  good  in  machine  shops,  and  there  are  machine 
shops  run  that  way  to-day  where  the  humblest  worker  has  an 
interest.  The  minute  you  turn  a  shop  to  that  plan,  labor  agita- 
tors may  come  outside  with  all  the  brass  bauds  and  ammunition 
they  possess,  and  cannot  get  a  man  to  go  out,  because  he  is  a  part 
owner.  That  is  the  way  to  succeed  in  making  dividends  and 
wiping  out  the  antagonism  of  labor  unions. 

Mr.  G.  I.  Alden. — -I  wanted  to  ask  one  question  for  informa- 
tion regarding  the  premium  system.  Is  it  not  customary  in 
adopting  the  premium  system  to  have  such  knowledge  of  the 
time  which  should  be  required  to  get  out  the  work  that  you  can 
say  to  the  workmen,  when  you  offer  them  the  premium  :  *'  Xow, 
we  will  do  this,  and  we  won't  cut  you  for  a  year  or  two  years," 
and  isn't  that  an  important  part  of  the  consideration?  So  that 
the  workman,  when  he  enters  into  it  and  tries  to  do  his  best, 
will  not  have  the  feelino-  that  as  quick  as  he  succeeds  in  cuttinfi: 
the  time  down,  the  price  will  be  cut.  Is  not  this  an  important 
element  in  the  premium  system  if  you  are  to  get  the  most  good 
out  of  it  ? 

Mr.  Fred  J.  Miller. — I  think  I  can  answer  that  question.  I 
think  it  is  of  the  essence  of  the  premium  system  not  to  cut  the 
rate  at  all — not  merelv  within  a  vear  or  two  years,  but  never, 
unless  there  is  a  change  in  the  system  of  producing  the  piece 
which  will  crive  a  reasonable  ground  for  a  new  rate.  It  has  l>een 
pointed  out  that  the  vital  principle  of  the  premium  system  is  to 
have  it  understood  by  the  n^en  that  the  terms  upon  which  the 
work  is  done  will  not  be  chano:ed  :  otherwise  thev  will  restrict 
their  production  just  as  they  do  in  piece  work. 
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Mr.  F.  A.  llaUey  (contributed  after  the  meeting). — The 
weakness  of  Mr.  llichards's  logic  lies  in  his  italicized  clause  in 
])aragraph  12,  "As  he  certainly  is  paid  in  that  way  for  all  the 
])roduct  of  his  shop."  This  is  true  for  the  time  being,  but  it  has 
never  been  and  will  never  be  true  for  a  long  period  of  time. 
The  history  of  tlie  past  is  a  record  of  falling  prices,  and  the 
future  can  only  repeat  the  experiences  of  the  past.  Looked  at 
in  this  way,  the  principal  of  equity  on  which  Mr.  Eichards  relies 
turns  against  him,  as  it  certainly  is  not  equitable  for  an  employer 
to  pay  the  same  piece  rates  for  his  product,  after  a  material  fall 
in  the  selling  price,  that  he  paid  before. 

This  has  been  the  basis  of  my  entire  argument  against  the 
piece-work  system  and  for  the  premium  system.  I  hold  that 
cuts  in  the  rates  are  inherent  in  the  piece-work  system,  because 
of  the  inevitable  fall  in  prices  as  time  goes  on.  No  appeal  to 
principles  can  justify  permanent  piece  rates  in  the  face  of  a  fall 
in  selling  prices. 

The  matter  may  be  summed  up  by  saying  that  the  premium 
plan  looks  into  the  future,  while  the  piece-work  system  does  not. 
It  must  be  remembered  also  that  all  men  gauge  the  value  of  their 
services  by  the  income  which  they  give  them — this  income  being 
measured  in  dollars  per  day,  per  month  or  per  year,  as  the  case 
may  be.  No  workman  measures  his  income  by  the  rate  per 
piece  which  he  receives  for  his  work,  but  by  the  amount  which 
he  receives  per  day  or  per  week,  and  a  system  which  gives  the 
workman  a  reward  for  increased  efforts  which,  by  his  own  ac- 
ceptance of  it  and  without  any  trace  of  compulsion,  he  admits 
to  be  fair,  cannot  be  called  inequitable. 

Mr.  Richards.^ — This  '^discussion"  of  my  paper  may  be 
styled  rather  a  perfunctory  "  sitting  down  "  upon  it.  With  such 
an  unanimous  disposition  to  condemn  it  as  a  whole,  it  would  seem 
that  some  fault  might  have  been  found  with  the  details  of  it. 
No  one  suggests  that  I  misrepresent  the  premium  plan  as  to  the 
way  in  which  the  introduction  is  usually  proposed  to  the  work- 
man. If  anyone  thinks  it  an  honest  and  business-like  propo- 
sition, it  is  useless  for  me  to  tr}^  to  argue  the  matter  with  him 
further. 

The  continued  assumption  of  the  rate-fixers  is  that  the  one 
thing  always  to  be  done  is  to  reduce  the  wage  cost  per  unit  of 

*  Author's  closure,  under  the  Rules. 
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production.  l\rr.  iralsey  assuiiios  tliis  with  the  rest,  and  (-hiinis 
that  permanent  piece-work  prices  cannot  do  this,  which  is  evi- 
dent, but  that  i)reniiuni  phin  prices  can  and  (h),  which  is  not 
evident.  If  a  man  accepts  the  premium  phm  in  <^()od  faith  and 
iloes  his  best  unthM*  it,  he  soon  readies  his  s))ced  limit,  and  then 
the  ])reniiani  plan  rates  are  just  as  fixed  as  piece-work  rates,  and 
can  do  no  more  to  help  the  manufacturer  to  meet  the  fallin;,^ 
market.  If  prices  fall  sufficiently,  the  manufacturer  must  cut 
his  wages  whether  determined  by  day-work,  piece-work  or  by 
either  of  the  gift  ])ropositions.  Pi'ices  go  up  as  welljis  down, 
and  the  Avorkman  has  a  right  to  share  in  the  fruits  of  prosperity. 
The  discussion  ignores  this  absolutely. 
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IVo.  066.* 

HEAT    RESISTANCE,     THE    RECIPROCAL     OF     HEAT 

CONDUCTIVITY^ 

BY  WILLIAM  KKNT,  NEW  YORK, 

(Member  of  the  Society.) 

1.  During  a  recent  study  of  the  heat-conducting  power  of  vari- 
ous substances  used  for  heat  insulation,  especially  in  cold  stor- 
age warehouses,  the  writer  discovered  that  the  comparison  of 
results  obtained  by  different  experimenters  would  be  facilitated 
if  these  results  were  reduced  to  a  common  basis  of  coefficients 
of  heat  resistance,  instead  of  being  expressed,  as  is  usual,  in  the 
number  of  British  thermal  units  transmitted  per  hour,  or  per 
day,  by  each  square  foot  of  surface  per  degree  of  difference  of 
temperature  of  the  air  adjoining  the  two  surfaces.! 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussions   on  this  and  similar  topics  consult  Transactions  as 
follows : 
No.  421,  vol.  xii.,  p.  174:  "Heat  Transmission  Through  Cast  Iron  Plates  Pickled 

in  Nitric. Acid."     R.  C.  Carpenter. 
No.  461,  vol.  xii,,  p.  1014:  "Heat  Transmission  Through  Plates  Pickled  in  Nitric 
Acid."     Daniel  Royse. 

X  The  use  of  coefficients  of  heat  resistance  instead  of  those  of  conductivity  is 
suggested  by  Rankine  (Steam  Engine,  p.  258).  He  says:  "The  rate  of  conduc- 
tion through  a  flat  layer  of  any  uniform  thickness  is  simply  proportional  directly 
to  the  difference  between  the  temperatures  of  the  two  faces  of  the  layer  and  in- 
versely to  its  thickness,  a  principle  expressed  as  follows : 

q  =  K 

where  T'  and  T  are  the  temperatures  at  the  two  faces  of  the  layer  and  x  its  thick- 
ness— {k  being  the  coefficient  of  internal  conductivity).  For  reasons  which  will 
afterwards  appear,  it  is  convenient  in  cases  of  this  kind  instead  of  the  conduc- 
tivity, k  itself,  to  use  its  reciprocal,  which  may  be  called  the  internal  thermal 
resistance  of  the  substance.  The  total  internal  thermal  resistance  of  a  plate  con- 
sisting of  layers  of  different  substances  may  be  found  by  adding  together  the 
resistances  of  the  several  layers.  The  rate  of  external  conduction  through  the 
bounding  surface  between  a  solid  body  and  a  fluid  is  approximately  proportional 
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2.  The  use  of  these  figures  representing  rcsislancc  instejid  <»f 
those  representing  conduiiivily  is  aniilogons  to  th(^  nsnal  praelice 
in  electrieal  calenhitions,  the  ehief  advantage  being  that  resist- 
anees  in  series  may  be  added  together  to  obtain  total  resistanee, 
\\\\\\o  the  eonduetanee  of  several  wires  or  other  bodies  a^'ting  in 
series  eannot  be  added  to  obtain  the  total  conductance.  Tims,  if 
/i\  and  Ri  are  the  resistances  of  two  wires  arranged  in  series,  or 
one  after  tlie  otlun-,  their  total  resistance  is  7?i  +  7?2.  If  <?,  and 
C2  are  the  conductances  of  these  two  wires,  or  the  reciprocal  of  the 

resistances,  =  -^,     -    ,     respectively,  their  total  couductancc  is 


not  Ci  +  C),  but  1  -^  ( \-  —  ) 


3.  The  meaning  of  this,  as  applied  to  heat  conductance,  may  be 
made  clear  by  considering  the  following  hypothetical  case.  Sup- 
pose that  in  testing  the  heat-conducting  power  of  a  certain  sub- 
stance, say  a  sheet  of  cardboard,  we  find  that  its  conductivity,  ex- 
pressed in  British  thermal  units  per  square  foot  per  hour  per 
degree  of  difference  of  temperature  is  0.8,  and  that  a  sheet  of  felt 
tested  in  the  same  way  gives  the  figure  0.4;  placing  a  felt  between 
two  boards  we  obtain  0.2;  two  felts  between  three  boards,  0.1143; 
three  felts  between  four  boards,  0.08;  four  felts  betw^een  five 
boards,  0.0615.  We  can  find  no  satisfactory  relation  between 
the  several  figures  by  adding  or  subtracting  them,  but  by  taking 

to  the  difference  of  temperature  when  that  is  small.  The  rate  of  external  con- 
duction may  be  expressed  by  dividing  the  difference  of  temperature  by  a  co- 
efficient of  external  thermal  resistance  depending  on  the  nature  of  the  substances, 
and  also  on  their  temperatures.  Let  the  values  of  that  coefficient,  for  the  two 
surfaces  of  a  given  plate,  be  denoted  by  6' ,  6  respectively ;  let  x  be  the  thickness 
of  the  plate  in  inches  as  before,  and  C  its  coefficient  of  internal  thermal  resistance ; 
then  the  total  thermal  resistance  of  the  plate  and  of  its  two  external  surfaces  is 

6'  +  6  +  ^x  ; 

and  the  rate  of  conduction  through  it  is 

7"  -  T 


9  = 


6'  -i-  6  +  ^X 


where  T' ,  T  are  now  the  temperatures,  not  of  the  two  surfaces  of  the  plate,  but 
of  the  two  fluids  which  are  respectively  in  contact  with  its  two  surfaces. 
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thoir  reciprocals  wc  find  they  arc  entirely  in  harmony,  as  is  shown 


in  the  following  table: 


Conductivity,       Difference.  Reciprocal.      Difference 


1  shcrt  cardboard 0.8  0.0  1.25  0.0 

1  shoot  felt 0.4  0.4  2.5  1.25 

2  cardboards,  1  fdt 0.2  0.2  5.0  2.5 

3  "     2  "  0.1143  0.0857  8.75  3.75 

4  "     3  "  0.08  0.0343  12.50  3.75 

5  "     4  "  0.0615  0.0185  16.25  3.75 


4.  The  last  column  shows  that  the  resistance  to  transmission 
of  heat  of  any  combination  of  these  elements  is  simply  the  sum 
of  the  separate  resistances  of  the  several  elements.  Of  course 
such  a  perfectly  harmonious  result  can  never  be  expected  in  actual 
tests  of  heat  insulators,  such  as  may  be  obtained  in  tests  of  elec- 
trical resistances,  for  the  reasons:  (1)  That  it  is  impossible  to  ob- 
tain uniform  conditions  in  and  on  the  two  surfaces  of  any  non- 
conductor of  heat  which  is  exposed  to  the  atmosphere,  and  (2), 
that  in  an  assemblage  of  elements  such  as  described  some  of  the 
surfaces  are  in  contact  with  other  elements,  while  others  are  ex- 
posed, this  difference  of  conditions  making  a  great  difference  in 
the  resistance  of  the  surface  to  transfer  of  heat. 

5.  Authorities  on  the  subject  of  heat  transmission  generally 
agree  that  the  resistance  to  the  passage  of  heat  through  a  plate 
consists  of  three  separate  resistances;  viz.,  the  resistances  of  the 
tAvo  surfaces  and  the  resistance  of  the  body  of  the  plate,  which 
latter  is  proportional  to  the  thickness  of  the  plate.  It  is  probable 
also  that  the  resistance  of  the  surface  differs  with  the  nature  of 
the  body  or  medium  with  which  it  is  in  contact.  Thus  a  very 
rough  surface  on  a  metal  plate  would  be  likely  to  transfer  more 
heat  to  adjacent  air  than  a  smooth  surface  would,  since  it  has  a 
greater  area  in  actual  contact  with  the  air,  while  two  rough  sur- 
faces of  metal  touching  each  other  would  transmit  from  one  to 
the  other  less  heat  than  two  smooth  surfaces. 

6.  A  complete  set  of  experiments  on  the  heat-resisting  power 
of  heat-insulating  substances  should  include  an  investigation  into 
the  difference  in  surface  resistance  when  a  surface  is  in  contact 
with  air  and  when  it  is  in  contact  with  another  solid  body.  Sup- 
pose we  find  that  the  total  resistance  of  a  certain  non-conductor 
may  be  represented  by  the  figure  10,  and  that  similar  pieces  all  give 
the  same  figure.    Two  pieces  in  contact  give  16.    One  piece  of  half 
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(he  tliickiii'ss  (if  the  otlicrs  i;iv('s  S.  What  is  the  i-csist iiiicc  of  I  he 
surface  exposed  to  the  aii*  in  eithci*  piece,  of  the  surl'ace  in  coiilact, 
with  another  surface,  and  of*  the  int»'rinr  <d"  I  he  lunly  itself^  Let, 
the  resistance  of  the  material  itself,  of  the  re^uhir  thickness,  be  rep- 
resented l)v  J,  that  of  the  surface  ex])()sed  to  the  aii*  hy  d,  an<l  that 
of  the  surface  iii  c(^ntact  with  another  surface  by  c. 

7.  We  then  have  for  the  three  cases, 

Resistance  of  one  piece   A  +  2n  =  10 

"  of  two  pieces  in  contact 2.1   +  2c  +  2a  —  Hi 

"  of  the  1  hill  piece h^  +  2a  =    8 

These  three  equations  contain  three  unknown  quantities.  Solv- 
ing the  equations  we  find  A  =  -^^  a  —  3,  and  c  —  1.  Suppose  that 
another  experiment  be  nuule  with  the  two  ])ieces  se])arated  by  an 
air  space,  and  that  the  total  resistance  is  then  22.  If  the  resistance 
of  the  air  s])ace  be  rejiresented  by  s  we  have  the  two  equations. 
Eesistance  of  one  piece,  A  +  2a  =  10  ;  resistance  of  two  pieces  and 
air  space,  2A  +  4:a  +  s  =  22,  from  wdiich  we  find  s  =  2.  Having 
these  results  we  can  easily  estimate  what  w^ill  be  the  resistance 
to  heat  transfer  of  any  number  of  layers  of  the  material,  whether 
in  contact  or  separated  by  air  spaces. 

8.  The  w^riter  has  computed  the  figures  for  heat  resistance  of 
several  insulating  substances  from  the  figures  of  conducting 
power  given  in  a  table  published  by  Mr.  John  E.  Starr,  in  a  paper 
on  "  Insulation  for  Cold  Storage,''  published  in  Ice  and  Befrigera- 
tion  for  November,  1901.  Mr.  Starr's  figures  are  given  in  terms 
of  the  British  thermal  units  transmitted  per  square  foot  of  sur- 
face per  day  per  degree  of  difference  of  temperature  of  the  air 
adjacent  to  each  surface.  The  writer's  figures,  those  in  the  last 
column  of  the  table  given  herewith,  are  calculated  by  dividing 
Mr.  Starr's  figures  by  24,  to  obtain  the  hourly  rate,  and  then  tak- 
ing their  reciprocals.  They  may  be  called  "  coefficients  of  heat 
resistance  "  and  defined  as  the  reciprocals  of  the  British  thermal 
units  per  square  foot  per  hour  per  degree  of  difference  of  tempera- 
ture. 
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Heat  Conducting  and  Resisting  Values  of  Different  Insulating 

Materials. 

Conductance,  B.T.U. 
per  sq.  ft.  per  day     Coefficient 
Insulatinc  Matkrial.  per  degree  of  heat 

of  difference  of         resistance, 
temperature. 

1.  f-in.  oak  board,  1-in.  lampblack,  g-in.  pine  board 

(ordinary  family  refrigerator) 5.7  4.21 

2.  |-in.  board,  1-in.  pik'h,  ^-in  board 4  89  4.91 

3.  |-in.  board,  2-in.  pitch,  |-in.  board 4 .25  5.65 

4.  |-in.  board,  paper,  1-in.  mineral  wool,  paper,  |-in. 

board 4.6  5.22 

5.  |-in.  board,  paper,  2i-in.  mineral  wool,  paper,  ^-in. 

board 3.62      .  6.63 

6.  |-in.  board,   paper,  2^-in.    calcined  pumice,  |-in. 

board 3.38  7.10 

7.  Same  as  above,  when  wet 3 .  90  6.15 

8.  |-in.  board,  paper,  3-in.  sheet  cork,  |-in.  board  ....  2 .  10  11.43 

9.  Two  |-in.  boards,  paper,  solid,  no  air  space,  paper, 

two  |-in  boards 4 .  28  5.61 

10.  Two  |-in  boards,  paper,  1  air  space,  paper,  two  |-in. 

boards 3.71  6.47 

11.  Two  |-in.  boards,  paper,  1-in.  hair  felt,  paper,  two 

|-in.  boards 3 .  32  7 .23 

12.  Two  |-in.  boards,  paper,  8-in.  mill  shavings,  paper. 

paper,  two  |-in.  boards 1 .  35  17 .  78 

13.  The  same,  slightly  moist    1 .80  13 .33 

14.  The  same,  damp 2.10  11.43 

15.  Two  |-in.  boards,  paper,  3-in.  air,  4-in.  sheet  cork, 

paper,  two  |-in.  boards 1 .  20  20 . 00 

16.  Same,  with  5-in.  sheet  cork 0 .  90  26 .  67 

17.  Same,  with  4-in.  granulated-.cork 1 .  70  14.12 

18.  Same,  with  1-in.  sheet  cork 3 .  30  7 .  27 

19.  Four  double  |-in.  boards  (8  boards), with  paper  bet. 

three  8-in.  air  spaces 2 .  70  8 .  89 

20.  Four  |-in.  boards,  with  three  quilts  of  ^-in.  hair 

bet.  papers  separating  boards 2 .  52  9 .  52 

21.  |-in.  board,  6-in.  patented  silicated  strawboard, 

finished  inside  with  thin  cement 2 .  48  9 .  68 

9.  Analyzing  some  of  tlie  results  given  in  the  last  column  of 
the  table,  we  observe  that,  comparing  'Nos.  2  and  3,  1  inch  added 
thickness  of  pitch  increased  the  coefficient  0.Y4;  comparing  I^os. 
4  and  5,  1^  inches  of  mineral  wool  increased  the  coefficient  1.11. 
If  we  assume  that  the  1  inch  of  mineral  w^ool  in  'No.  4  was  equal 
in  heat  resistance  to  the  additional  1^  inches  added  in  IsTo.  5,  or 
1.11  reciprocal  units,  and  subtract  this  from  5.22,  we  get  4.11  as 
the  resistance  of  two  |^-inch  boards  and  two  sheets  of  paper.     This 
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wniiM  iiulicjHc  llijit  one  ij-iiirli  hoard  and  ojic  slicci  of  paper  <^iv(' 
nearly  twice  as  nmcli  resistance  as  1  inch  (d'  nnneral  wool.  In  like 
manner  any  nnniher  of  dcchictions  may  he  drawn  from  the  talde, 
and  some  of  them  will  b(^  rather  questionable,  sn(di  as  the  com- 
parison of  A'o.  15  and  'No.  10,  showing  that  1  inch  additional  sheet 
cork  increased  the  resistance  given  by  four  sheets  0.(57  reciprocjil 
units,  or  one-third  the  total  resistance  of  Xo.  15.  This  resnlt  is 
extraordinary,  and  indicates  that  there  must  have  been  consider- 
able differences  of  conditions  during  the  two  tests. 

10.  For  comparison  with  the  coefficients  of  heat  resistance 
computed  from  Mr.  Starr's  results  we  may  take  the  reciprocals 
of  the  figures  given  by  Mr.  Alfred  R.  Wolff  (Kent's  '^  Mechanical 
Engineers'  Pocket-Eook,"  p.  53-1),  as  the  result  of  German  ex- 
periments on  the  heat  transmitted  through  various  building  ma- 
terials, as  below: 


K  =  B.T.TJ.  transmitted  per  hour  per  sq.  ft.  of  surface,  per  degree  F  difference 
of  temf)erature. 

C  =  heat  resistance  =  reciprocal  of  K. 


Thickness. 
4-in.. .  . 


K.  ('.  Diflferenre. 

0.C8         1.47 


Brick  wall.    ^ 


8-in 0.4G  2.17 

12-in 0.32  3.03 

IG-in 0.26  3.85 

20-in 0.23  4.55 

24-in 0.20  5.00 

28-in 0.174  5.75 

32-in 0.15  6.67 

36-in 0.129  7.75 

40-in ' 0.115  8.70 


0.70 
0 .  86 
0.82 
0.70 
0.45 
0  75 
0.92 
1.08 
0.95 


Wooden  beam  construction,  planked  over  or  ceiled : 

As  flooring 0 .  083  12 .  05 

As  ceiling 0 .  104       9 .  71 

Fireproof  construction,  floored  over :  As  flooring ...  0 . 1 24       8 .  06 

As  ceiling 0.145       6.90 
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Single  window 1 .030  0.97 

Single  skylight 1 .  118  0.89 

Double  window 0.518  1 .93 

Double  skylight 0.621  1 .61 

Door 0.414  2.42 


11.  The  irregularity  of  the  differences  of  C  for  each  increase 
of  4  inches  in  tliickness  of  the  brick  walls  indicates  a  difference 
in  the  conditions  of  the  experiments  from  which  the  figures  were 
derived.  The  av(n*age  difference  of  C  for  each  4  inches  of  thick- 
ness is  about  0.80.  Using  this  average  difference  to  even  up  the 
figures  we  find  the  value  of  C  is  expressed  by  the  approximate 
formula  C  =  0.'.  0  +  0.20  /,  in  which  t  is  the  thickness  in  inches. 
The  revised  values  of  C,  computed  by  this  formula,  and  the  corre- 
sponding revised  values  of  K  are  as  follows : 


Brick  wall.   i 


Thickness. 

C. 

K. 

A',  original 
figures. 

Differen 

4-in 

1..50 

0.667 
0.435 

0.68 
0.46 

0.013 

8-in 

. . . .      2 . 30 

0.025 

12-in 

....      3.10 

0.323 

0.32 

0.003 

16-in 

. ...     3.90 

0.256 

0.26 

0.004 

20-in 

. . . .     4 . 70 

0.213 

0.23 

0.017 

24-in 

. . . .      5 . 50 

0.182 

0.20 

0.018 

28-in 

. . . .     6 . 30 

0.159 

0.174 

0.015 

32-in 

. ...     7.10 

0.141 

0.15 

0.009 

36-in 

7.90 

0.127 
0.115 

0.129 
0.115 

0.002 

40-in 

. ...     8.70 

0.0 

12.  In  conclusion  the  writer  would  propose  to  engineers  and 
others  who  have  to  make  tests  in  which  heat  transmission  is  in- 
volved the  adoption  of  a  standard  for  expressing  heat  resistance 
or  the  heat  insulating  power  of  various  substances  as  follows : 

The  coefficient  of  heat  resistance  of  a  substance  is  equal  to  unity 
divided  by  the  number  of  British  thermal  units  transmitted  in  one 
hour  by  a  slab  1  square  foot  in  area  and  1  inch  thick,  per  degree 
Fahrenheit  of  difference  of  temperature  between  the  two  faces  of 
said  slab,  both  surfaces  being  exposed  to  still  air. 

It  should  be  noted  that  the  coefficient  of  resistance  thus  defined 
will  be  approximately  a  constant  quantity  for  a  given  substance 
under  certain  fixed  conditions,  only  when  the  difference  of  tem- 
perature of  the  air  on  its  two  sides  is  small — say  less  than  100 
degrees  Fahrenheit.  When  the  range  of  temperature  is  great, 
experiments  on  heat  transmission  indicate  that  the  quantity  of 
heat  transmitted  varies,  not  directly  as  the  difference  of  tempera- 
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\\\\\\  Itiil  ;is  llic  s(|ii;ir('  (){'  tluil  tliirci-ciicc.      In  this  cjisc  a  cocliiciciit, 
of  rc'sistain'c  with  a  diircrciil  dctinil  ion  mr.y  \h'.  found — viz.,  that 

(T-ff 
obtaiiKMl  Ironi  the  ioninhi  n—    ,  in  which  a  is  tlio  cocfficiont, 

T — /  tlio  raiio(>  of  temporatnro,  and  q  tlie  quantity  of  boat  trans- 
niirtod,  in  British  thermal  units  per  square  foot  per  hour. 

13.  The  subject  of  tlie  licat-insulating  power  of  different  sub- 
stances is  of  immense  inq:)ortance  in  refrigerating  work,  and  it  is 
to  be  hoped  that  when  further  experiments  with  such  substances 
are  made  their  results  may  be  reported  in  the  manner  here  sug- 
gested, and  that  conclusions  be  drawn  by  the  experimenters  from 
the  reciprocal  values  or  "  coefficients  of  heat  resistance  ''  here 
described. 
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]¥o.  967.* 

AN  ANALYSIS    OF    THE  "COMMERCIAL''    VALUE   OF 
WATER-POWER  PER  IIORSE-POWER  PER  ANNUM.\ 

BY  A.   F.   NAGLE,  MONTCLAIR,   N.  J. 

(Member  of  the  Society.) 

1.  The  writer  recently  testified  in  court  as  to  the  value  of 
water-power  per  horse-power  per  annum  in  a  manner  that  may 
be  of  interest  to  our  membership.  The  subject-matter  has  been 
discussed  heretofore  in  our  Society,  but  I  am  not  aware  that  pre- 
cisely the  same  analysis  has  been  given  before.  The  problem  is 
quite  a  familiar  one  to  N^ew  England  engineers.  The  river-flow 
is  assured  to  certain  abutting  parties  by  old  legislative  grants, 
and  is  usually  used  for  power  purposes.  Any  tov^n  or  city  tak- 
ing water  from  this  stream  is  liable  for  damages  incurred  by  re- 
ducing the  available  power  of  said  stream  of  water.  The  amount 
of  power  existing  in  the  stream  at  each  mill,  expressed  in 
horse-power  as  well  as  the  amount  taken,  or  diverted,  by  the  city, 
and  affecting  the  particular  mills,  is  a  problem  for  hydraulic 
engineers  which  I  do  not  take  up ;  but  the  value  of  the  water-power 
at  each  mill  is  a  problem  which  I  have  attempted  to  solve.  I 
have  formulated  my  studies  under  three  theorems,  which  I  be- 
lieve express  the  true  principles  under  which  the  problem  can  be 
solved  with  as  much  certainty  as- the  cost  of  a  steam-power. 

2.  Theorem  1.  The  value  of  water-power,  when  of  ample  capac- 
ity for  a  specific  purpose,  does  not  exceed  the  cost  of  what  a  com- 
peting powder  (steam  or  gas  engine)  can  be  installed  and  operated 
for  at  the  same  locality. 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussion  on  this  topic  consult  Transactions  as  follows : 
No.  332,  vol.  X.,  p.  499  :    "Comparative  Cost  of   Steam  and  Water-power." 

Chas.  H.  Manning. 
No.  360,  vol.  xi.,  p.  108:  "  Cost  of  Steam  and  Water-power."     Chas.  T.  Main. 
No.  471,  vol.  xiii.,  p.  140:  "Value  of  a  Water-power."     Chas.  T.  Main. 
No.  848,  vol.  xxi.,  p.  590"  "On  the  Value  of  a  Horse-power."  Geo.  I.  Rockwood. 
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Theorem  2.  When  ii  watcr-i)ow(>r  is  insiiilicient  for  a  specific 
purpose,  due  to  the  varying  How  at  different  seasons  of  the  year, 
and  its  limited  amount,  then  its  value  is  reduced  from  that 
established  by  Theorem  1,  by  the  cost  of  (installing  and)  operat- 
ing a  steam  plant  to  make  good  this  insufHcieney. 

Theorem  3.  The  ''  damages  '^  to  be  paid  annually  (or  capital- 
ized at }KU*  cent,  if  made  in  one  payment)  for  a  given  auiount 

of  diverted  water-power  is  the  value  of  the  water-power  as  found 
by  Theorem  2,  plus  the  depreciation  in  the  value  of  the  remaining 
wator-])o\ver. 

3.  The  cost  of  power  is  an  element  in  all  productive  indus- 
tries, and  whether  it  be  a  large  or  small  element,  the  mill  (we 
will  call  it)  demands  a  certain  amount  of  power,  the  cost  of  which, 
if  a  steam  plant,  can  be  calculated  quite  closely,  probably  within 
10  per  cent.  It  is  the  interest  of  the  mill  owner  to  obtain  this 
power  at  the  least  possible  cost  to  himself,  and  he  stands  in  the 
position  of  a  buyer  of  power  before  the  power-producing  public. 
Two  sellers  may  offer  him  power — a  steam-power  producer,  or 
a  Avater-power  producer.  Because  the  mill  owner  in  ^NTew  Eng- 
land is  generally  also  a  water-power  owner,  does  not  change  the 
relation  of  the  power  consumer  to  the  power  producer,  a  buyer 
and  a  seller,  and  for  a  clear  understanding  of  this  complex  prob- 
lem, it  is  absolutely  necessary  to  separate  the  two  parties  in  any 
analysis  that  may  be  applied  to  the  problem  under  consideration. 

4.  The  annual  cost  of  steam-power  per  horse-power,  including 
every  item  except  land,  can  be  calculated  by  an  experienced  en- 
gineer for  any  particular  locality  with  reasonable  accuracy.  In 
Tables  I.  and  II.  I  have  given  my  estimates  of  engine  plants 
ranging  from  50  horse-power  to  500  horse-power,  single-condens- 
ing engines;  and  from  400  horse-power  to  1,500  horse-power  com- 
pound-condensing engines  located  along  the  Blackstone  River, 
K'ew  England.  These  estimates  are  generally  large,  but  as  the 
items  appear  both  in  the  minuend  and  subtrahend  of  the  calcula- 
tion, the  remainder  (resulting  in  the  value  of  the  water-power) 
is  not  so  seriously  affected  thereby.  The  result,  however,  of 
these  larger  figures  for  steam-power  is  to  increase  the  value  of 
the  water-power.  The  items  comprising  the  tables  are  all  so  well 
known  to  engineers  that  it  is  needless  for  me  to  comment  upon 
them.  N"or  is  it  so  much  my  purpose  to  establish  the  accuracy 
of  these  particular  items,  or  their  results,  as  it  is  to  establish  a 
principle,  or  method,  of  calculating  the  value  of  a  water-power 
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i\\v  ])()\v(M"   |)iir])()S('s,   jiiid   llicrcby  take  the  proLlciii   out  of  the 
(loiuain   of  prejudiced  guesswork. 


TABLE  I. 

Annual  Cost  of  Steam-power  per  Indicated  Horse-powek. 
Compound  Condensing  Engine. 


KORSE-POAVER. 

400 

.500 

600 

700 

800 

900 

1,000 

1,200 

1,;jOO 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Cost  of  Plant  per  I.H.P. 

64  00 

60  00 

57  50 

56  00 

55  50 

55  00 

54  60 

54  00 

53  00 

Annual  Interest,  etc.,  @ 

10  p.  c.  per  I.H.P.  .  . 

6  40 

6  00 

5  75 

5  60 

5  55 

5  50 

5  46 

5  40 

5  30 

Cost     of     Banking    (no 

heating)  Repairs,  Sup- 

plies,  Engineer,    etc., 

per  I.H.P 

7  30 

7  6o 

7  75 

7  80 

7  95 

7  70 

7  55 

7  50 

7  50 

Annual  (3,060  hrs.)  Cost 

of  Coal  @  $4.50  per 

long  Ton  per  I.H.P.  . 

12  30 

11  4o 

10  50 

9  85 

9  50 

9  30 

.9  25 

9  25 

9  20 

Total  Annual  Cost  per 

I.H.P 

26  00 

25  Oo 

24  00 

23  25 

23  00 

22  50 

22  26 

22  15 

22  00 

TABLE  IL 

Annual  Cost  of  Steam-power  per  Indicated  Horse-power. 
Simple  Condensing  Engine. 


HOBSE-POWER. 

.50 

75 

100 

150 

200 

250 

300 

400 

500 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Cost  of  Plant  per  I.H.P. 

90  00 

75  00 

65  00 

57  00  51  00 

47  00 

45  00 

43  00 

42  00 

Annual  Interest,  etc.  @, 

10  p.  c.  per  I.H.P.... 

9  00 

7  50 

6  50 

5  70 

5  10 

4  70 

4  50 

4  30 

4  20 

Cost    of    Banking    (no 

heating)  Repairs,  Sup- 

plies,  Engineer,   etc., 

per  I.H.P 

9  00 

8  50 

8  20 

8  30 

8  60 

8  30 

7  90 

7  85 

7  80 

Annual  (3,060  hrs.)  Cost 

of  Coal  @  $4.50  per 

long  Ton  per  I.H.P..  . 

25  00 

22  00 

20  00 

17  00 

15  30 

15  00 

14  60 

13  85 

13  00 

Total  Annual  Cost  per 

IH.P     

43  00  38  00 

34  70 

31  00 

29  00  28  00 

27  00  26  00 

25  00 
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5.  T/icorcfH  1  is  jilinost  a  sclf-cn'idciil  j)r(t|)(>sitinii.  No  mill 
owner  n>  a  Ituycr  oi"  power  will  |>av  inoi-e  I'oi*  walei'-jxtwer  than 
ho  can  install  and  oporato  a  steam  i)lant  for.  1  ie  would  not  even 
give  as  nnieli  as  that,  heeaiise  if  he  had  water-power  only,  Ik; 
wonld  have  to  install  a  hoilei*  ])lant  for  heating  and  other  auxil- 
iary uses;  Avhile  if  he  had  a  steam  plant,  he  eould  su])ply  himself 
with  this  additional  steam  at  a  comparatively  small  cost.  For 
])resent  })ur])oses,  however,  1  shall  neglect  this  fact. 

6.  Theorem  2  is  not  quite  so  obvious.  Very  few  water-powers 
are  of  sufficient  i)ower  to  supply  the  large  mills  they  drive  with 
ample  power  every  day  in  the  year.  At  times  there  is  an  excess, 
and  at  other  times  it  is  cpiite  insufficient.  It  is  at  this  ])oint  that 
a  clear  understanding  must  be  had  of  the  relation  of  the  mill 
owner  to  the  water-power  owner.  It  is  not  the  business  of  the 
mill  owner  to  meddle  with  the  problem  of  this  varying  and  insuffi- 
cient water  supply.  That  difficulty  belongs  entirely  to  the  water- 
power  owner.  In  order  to  make  the  \vater-poAver  commercially 
available,  in  order  to  give  it  any  value  at  all  to  the  purchaser  of 
power,  in  order  to  give  it  what  it  has  been  pleased  to  call  "  a 
market  value/'  '^  a  commercial  value,"  he  must  supplement  the 
fluctuating  water-power  with  steam-power.  The  maximum  pos- 
sible price  obtainable  for  the  combined  steam  and  water-power 
has  been  fixed  by  the  cost  of  a  single  steam  plant.  Hence  the 
less  the  steam-power  costs  him  the  more  he  will  get  for  his  water- 
power.  This  will  be  more  fully  illustrated  by  detailed  calcula- 
tions hereafter. 

7.  Theorem  3.  This  theorem  is  perhaps  more  theoretical  than 
practical,  for  in  few  cases  is  the  quantity  of  water  diverted  from 
a  stream  sufficiently  large  to  affect  perceptibly  the  quantity  re- 
maining. It  is,  however,  a  fact  that  repeated  diversions  con- 
stantly diminish  the  value  of  the  remaining  power;  and  it  is 
proper  that  this  depreciation  of  the  remaining  power  should  be 
paid  for  at  each  diversion.  This  would  seem  to  be  a  principle 
of  equity,  and  I  have  investigated  the  application  to  a  particular 
case  upon  a  rather  extravagant  h;sq)othesis. 

8.  To  illustrate  the  practical  application  of  the  theorems  here 
advanced,  I  have  selected  six  mills  and  their  powder  diagrams  from 
the  testimony  in  the  suit : 

First,  the  river  flow  in  horse-power  for  every  month  in  the 
year  is  established  at  each  mill  by  the  hydraulic  engineers 
employed  in  the  suit.    The  amount  of  the  diverted  power  at  each 
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mill  is  also  given  by  said  engineers,  but  is  too  small  to  appear  in 
the  diagrams  (Figs.  79-84).  Tlie  aiiiomit  of  ])ower  required  to 
operate  the  mill,  and  the  Avlieel  capacity,  are  given  by  the  mill 
owner. 

lief  erring  to  Fig.  70,  the  power  of  tlie  river  flow  is  seen  to  vary 
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greatly.  This  mill  requires  an  as^erage  of  900  horse-power  per 
annum.  The  water  wheel  is  of  only  743  horse-power,  and  the 
mean  annual  water-power  is  690  horse-power,  requiring  a  steam- 
power  of  210  horse-power  to  give  the  900  horse-power  to  the 
mill.  The  low  stage  of  the  river  is  such  that  a  370  horse-power 
steam  plant  will  be  required  at  times. 

9.  The  following  is  a  detailed  calculation  for  obtaining  the 
value  of  the  water  at  the  several  mills. 


'*  C'OMMEUCIAL  "    VALUE    OF    WATKU-POWKK    VVM    MOltSK-I'OWEIt.     201 


NO.   1.— \ALLKV    FALLS   COMPANY. 

Required  mill-power <)()()  Horse-power. 

Averag(^  water-power 090  " 

Average  steam-power 210  " 

Maximum  st(\im-power 370  " 

Time  engine  runs 12  months. 

Full  animal  eost  of  900  H.-P.  C.  C.  plant  (Tr,  $22.r)() $20,250 

Annual  interest,  ete.,  370  H.-P.  S.  C.  ((i]  $4.40   $1,02S 

Animal  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 2,904 

Annual  coal,  210  H.-P.  S.  C.  @  $14.00 2,940 


Total  cost  of  210  H.-P.  steam $7,472— 

Cost  per  H.-P $35.60 

Value  of  090  H.-P.  water 

Value  of  1  H.-P.  water $18.52 


7,472 

i2,778 


Required  Mill  Power=-  1750  HP. 
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NO.   3.— LONSDALE  COMPANY,    NO.    L 

Required  mill-power 1,750  Horse-power- 

Average  water-power 720  " 

Average  steam-power 1,030  " 

Maximum  steam-power 1,200  " 

Time  engine  runs 12  months. 

FuU  annual  cost  of  1,750  H.-P.  C.  C.  plant  @  $22.00 $38,500 

Annual  interest,  etc.,  1,260  H.-P.  C.C.  @  $5 .40   $6,804 

Annual  supplies,  etc.,  1,260  H.-P.  C.  C.  @$7 .50 9,450 

Annual  coal,  1,030  H.-P.  C.  C.  @  $9 .  50 9,785 


Total  cost  of  1,030  H.-P.  steam  $26,039—    26,039 

Cost  per  H.-P $25.27 

Value  of  720  H.-P.  water 12,461 

Value  of  1  H.-P.  water $17 .  30 

NO.  4.— LONSDALE  COMPANY,   NO.  4. 

Required  mill-power 1,000  Horse-power. 

Average  water  power 444  " 

Average  steam-power 556  " 

Maximum  steam-power 700  " 

Time  engine  runs 12  months. 

•Full  annual  cost  of  1,000  H.-P.  C.  C.  plant  @  $22.25    $22,250 

Annual  interest,  etc.,  700  H.-P.  C.  C.  @  $5 .  60 $3,920 

Annual  supplies,  etc.,  700  H.-P.  C.  C.  @  $7 .80 5,460 

Annual  coal,  556  H.-P.  C.  C.  @  $10.00 5,560 


Total  cost  of  556  H.-P.  steam $14,940—    14,940 

Cost  per  H.-P $26.87 

Value  of  444  H.-P.  water 7,310 

Value  of  1  H.-P.  water $16.46 

NO.   5.— SAMOSET    COMPANY. 

Required  mill-power 1,100  Horse-power. 

Average  water-power 860  " 

Average  steam-power 240  " 

Maximum  steam-power 500  " 

Time  engine  runs 12  months. 

Full  annual  cost  of  1,100  H.-P.  C.  C.  plant  @  $22.20 $24,420 

Annual  interest,  etc.,  500  H.-P.  C.  C.  @  $6.00    $3,000 

Annual  supplies,  etc.,  500  H.-P.  C.C.  @  $7.60 3,800 

Annual  coal,  240  H.-P.  S.  C.  @  $11.40 2,736 


Total  cost  of  240  H.-P.  steam $9,536—     9,536 

Cost  per  H.-P $40.00 

Value  of  860  H.-P.  water $14,884 

Value  of  1  H.-P.  water $17.31 
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KO.  9.— DEXTER  YARN  COMPANY. 

Required  mill-power 280  Horse-power. 

Average  water-power 115 

Average  steam-power 165  " 

Maximum  steam-power 210 

Time  engine  runs 12  months. 

Full  annual  cost  of  280  H.-P.  S.  C.  plant  @  S27.50 $7,700 

.Ajmual  interest,  etc.,  210  H.-P.  S.  C.  @    $5.00 $1,050 

Annual  supplies,  etc.,  210  H.-P.  S.  C.  @    $8.55 1,79G 

Annual  coal,  165  H.-P.  S.  C.  @  812.25 2,516 


Total  cost  of  165  H.-P.  steam S5,362- 

Cost  per  H.-P $32.50 

Value  of  1 15  H.-P.  water 

Value  of  1  H.-P.  water $20.33 


5,362 
2.338 


XO.  14.— PAWTUCKET  ELECTRIC  COMPANY. 

This  mill  must  be  calculated  upon  a  basis  of  24  hours  a  day 
and  365  days  a  year,  all  others  having  been  calculated  upon  10 
hours  a  day  and  306  days  in  the  year. 
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Required  mill-power  (1,200-1,400) 1,300  Horse-power. 

A^'erage  water-power 550 

A  venige  steam-power 750 

Maximum  steam-power 1,200 

Time  engine  runs 12  months. 

Full  annual  cost  of  1,300  H.-P.  C.  C.  plant  @  $53.33 $09,329 

Annual  interest,  etc.,  1,200  H.-P.  C.  C.  @    $5.40 $0,480  ^ 

Annual  supplies,  etc.,  1,200  H.-P.  C.  C.  @  $21.46   25,752 

Annual  coal,  750  H.-P.  C.  C.  @  $20.47 19,852 


Total  cost  of  750  H.-P.  steam $52,084— 

Cost  per  H.-P $69.44 

Value  of  550  H.-P.  water 

Value  of  1  H.-P  water $31.35 


52,084 
17.245 
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If  iiiado  u}H)ii  a  10-liour  basis  and  30(>  davs  a  year,  the  <• 
tion  would  stand  as  follows: 


Full  annual  cost  of  1,300  H.-P.  C.  C.  plant  (a  $22.00 
Annual  interest,  etc.,  1,200  H.-P.  C.  C.  @    $5.40   , 
Annual  supplies,  etc.,  1 .200  H.-P.  C.  C.  @    $7.50 
Annual  coal,  750  H.-P.  C.  C.  (d,  $9.25   


alcula- 
$2S,(iOO 


$0,480 
9,000 
0,9:i7 


Total  cost  of  750  H.-P.  steam $22,417— 

Cost  per  H.-P $30.00 

Value  of  550  H.-P.  water 

Value  of  1  H.-P.  water $11.24 


22,417 
G,183 


700 
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Fig.  83. 
10.  Table  III.  is  a  summary  of  the  preceding  calculations. 

TABLE  III. 

Value  of  Water-Power  at  Different  Mills  and  .\lso  what  it  Would  Have 
Been  Worth  tf  it  Had  Been  a  Full  Power. 


Mill 
No. 

Required 

Mill 
Power 
H.-P. 

Average 
Water 
Power 
H.-P. 

Average 
Steam 
Power 
H.-P. 

Maximum 
Engine- 
Power 
H.-P. 

Value  of 

Full 
Power 

(Water). 

Value  of 
Partial 
Water- 
Power. 

1 

900 

690 

210 

370 

$22.50 

$18.51 

3 

1,750 

720 

1,030 

1,260 

22.00 

17.30 

4 

1,000 

444 

556 

700 

22.25 

16.46 

5 

1,100 

860 

240 

500 

22.20 

17.31 

9 

280 

115 

165 

210 

27.50 

20.33 

14 

1,300 

550 

750 

1,200 

*53.33 

t22.00 

*31.35 
til. 24 

*  This  plant  is  an  electric  power  station  and  was  calculated  upon  a  basis  of  run- 
ning twenty-four  hours  a  day  and  365  days  a  year.  All  the  others  were  calcu- 
lated upon  running  10  hours  a  day  and  306  days  a  year. 

t  Upon  a  10-hour  basis,  306  days  a  year. 
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Maximum  Efficiency  of  a  ]¥ aier-power  Plant. 

11.  Keferi'ing  a,i;aiii  to  Fig'.  71),  it  is  (juite  evident  that  a  larger 
Avheel-power  Avoiild  have  been  conducive  to  a  greater  value  of 
the  water-power. 

For  the  purpose  of  ascertaining  the  greatest  value  of  a  w^ater- 
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power  by  the  rules  laid  down  in  this  paper,  let  us  assume  that  the 
minimum  flow  is  as  shown  in  Fig.  79.  In  that  case  water  of  530 
horse-power  would  be  supplied  every  day  in  the  year,  and  if  it 
could  be  brought  about  that  a  mill  required  just  that  amount  of 
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power,  the  water-power  would  be  worth  $:i5  per  horse-power 
(see  Table  I.),  and  the  water  owner  would  receive  a  revenue  of 
$13,250  per  annum.  On  the  other  hand,  if  the  mill  still  re- 
quired 900  horse-power,  and  only  530  horse-j)()wer  wheel-power 
were  available,  then  the  calculation  would  stand  as  follows: 

Roquinnl  niill-powor 1)()()  Ho  so-powcr- 

Averii^c  water-power 530  " 

Average  steam-power  and  maximum 370  " 

Full  annual  cost  of  900  H.-P.  C.  C.  plant  @  $22.50 $20,250 

Annual  int(>rest,  etc.,  370  H.-P.  S.  C.  @  $4.40 $1 ,028 

Annual  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 2,904 

Annual  coal,  370  H.-P.  S.  C.  @  $14.00 5,180 

Total  cost  of  370  H.-P.  steam $9,612  9,012 

Cost  per  H.-P $26.00 

Value  of  530  H.-P.  water 10,538 

Value  of  1  H.-P.  water   $19.88 

12.  Iv^ow  let  us  go  a  step  further,  and  under  the  same  conditions 
and  requirements  put  in  a  900-horse-power  wheeL  Then  the  cal- 
culations will  stand  as  follows: 

Required  mill-powder 900  Horse-power. 

Average  water-pow-er 764  " 

Average  steam-pow^r 136  " 

Maximum  steam-power    370  " 

Time  engine  runs     7^  months. 

Full  annual  cost  of  900  H.-P.  C.  C.  plant  @  $22.50 $20,250 

Annual  interest,  etc.,  370  H.-P.  S.  C.  @  $4.40 $1,628 

7J  mos.'  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 1,815 

Aimual  coal  136  H.-P.  S.  C.  @  $14.00 1,904 

Total  cost  of  136  H.-P.  steam $5,347—      5,347 

Cost  per  H.-P $39.32 

Value  of  764  H.-P.  water 14,903 

Value  of  1  H.-P.  water $19.54 

13.  Hence,  ^ve  see  that  a  mill  requiring  900  horse-power  with 
a  river  flow^  as  indicated  by  Fig.  79,  can  be  supplied  with  power  by 
a  water-powder  owner  in  one  of  two  extreme  ways.  If  he  puts  in 
only  530  horse-power  wheels  running  every  day  in  the  year  at  this 
power,  he  will  receive  $10,538  net  for  his  water,  but  he  must 
spend  $9,612  for  steam-power  in  order  to  obtain  this  amount  for 
his  water. 

If,  on  the  other  hand,  he  would  put  in  a  900-horse-power  wdieel 
and  spend  $5,347  for  steam,  albeit  it  costs  at  the  rate  of  nearly 
$40  per  horse-power,  he  will  receive  nearly  $15,000  per  annum, 
or  $19.54  per  horse-power. 


TABLE  IV. 

Kcq  Hired 

Water  Wheel 

Total  net  income 

Mill-Power. 

Power. 

from  Water-power. 

1 

2 

3 

530  H.-P. 

530  H.-P. 

$13,250 

900  H.-P. 

530  H.-P. 

10,538 

900  H.-P. 

700  H.-P. 

12,778 

900  H.-P. 

900  H.-P. 

14,903 

1,200  H.-P. 

1,200  H.-P. 

14,752 

1,500  H.-P. 

1,500  H.-P. 

14,606 
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These  calculations  and  a  few  others,  made  in  precisely  the  same 
manner,  are  summarized  in 


Value  per  II. -P.       Cost  of  Auxiliary 
per  annum.  Steam  Power. 

4  5 

$25  00  

19  88  $9,612 

18  51  7,472 

19  54  5,347 
17  71  11,828 
17  06  18,394 

Monthly  versus  Annual  Averages. 

14.  There  is  some  question  as  to  the  accuracy  of  determining 
the  average  annual  value  of  the  water-power  by  the  annual  aver- 
age, or  calculating  it  separately  for  each  month  in  the  year.  I 
have  made  an  estimate  of  said  values  as  applied  to  Fig.  79,  by 
monthly  estimates,  and  compared  it  with  the  annual  average  which 
has  been  used  throughout  these  calculations.  I  have  also  intro- 
duced a  corrected  value  of  coal  due  to  underloading  of  the  en- 
gine, and  embodied  the  result  in  Table  Y. 

TABLE  V. 

Monthh^  estimate  of  the  value  of  water-power  as  applied  to  Fig.  1. 

Power  required  at  mill 900  Horse-power. 

Cost  of  steam,  H.-P.  per  annum '. $22  50 

Cost  of  coal  per  H.-P.  per  annum 9  30 

,,     .,  ,  Cost  of  steam  Cost  of  Coal  Cost  of  Steam  Value  of  Water 

31ontniy  per  H.-P.            per  H.-P.  corrected          per  H.-P.  per  H.-P. 

uncorrected.  for  underload.  corrected.  based  upon  Col.  4. 

1  2  3  4  5 

160  $42  32  $17  50  $45  82  $17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

220  34  60  16  00  36  62  17  94 

350  27  00  14  00  27  00  19  67 

330  27  73  14  00  27  73  19  47 

300  29  11  14  50  29  61  18  95 

240  32  89  15  50  34  38  18  18 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

210  37  30  16  38  39  67  *18  04 

210  35  60  14  00  tl8  52 

*  Annual  average  by  monthly  estimate.      fAnnual  average  by  yearly  estimate. 
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Column  1  is  tlu'  iiMMagc  monthly  steam-power. 

Column  2  is  the  cost  of  this  steam-power  as  found  by  preceding  methods. 
Column  3  is  the  corrected  cost  of  coal  per  aimum  for  an  underloaded  engine. 
Cohunn  4  is  tiie  annual  cost  of  steam-power  based  upon  coal  value  in  column  '.i. 
Colunm  5  is  the  final  \alue  of  water-power  based  upon  steam  cost  in  colunm  4, 

It  will  be  soon  that  while  the  eost  of  steam-power  (210  horse- 
power) based  upon  a  yearly  average  is  $35. GO  per  horse-power, 
it  is  inereased  to  $37.30  per  horse-power  if  made  upon  a  monthly 
basis;  and  if  also  cor  rooted  for  coal,  becomes  $39.07  per  horse- 
power; and  the  value  of  water-power  is  reduced  from  $18.52  to 
$18.04,  which  is  less  than  one  would  have  supposed  it  to  have 
been,  and  yet  it  is  the  correct  way  to  pursue. 


Successive  Diversions. 

15.  The  amount  of  water  diverted  is  usuallv  very  small  in 
proportion  to  the  total  quantity  in  the  river. 

To  illustrate  in  detail  the  manner  of  calculating  the  value  of 
the  water-power  per  horse-power  per  annum  when  large  quan- 
tities of  water  are  taken  at  several  intervals  instead  of  all  at  one 
time,  I  have  applied  the  calculation  to  a  water  privilege  substan- 
tially like  that  of  the  Valley  Falls  rom])anv,  Fig.  71),  whore,  say, 
100  horse-power  is  taken  at  each  interval,  until  it  is  all  taken. 

First  Case,  Original  Condition. 

Required  mill-power 900  Horse-power. 

Average  water-power 700  " 

Average  steam-power 200  " 

Maximum  steam-power 400  " 

Time  engine  runs 12  months  always. 

Full  annual  cost  of  900  H.-P.  C.  C.  @  $22.50 .  : S20,250 

Annual  interest,  etc.,  400  H.-P.  C.  C.  @  $6.40 $2,560 

Annual  supplies,  etc.,  400  H.-P.  C.  C.  @  $7.30 2,920 

Annual  coal,  200  H.-P.  C.  C.  @  $12.30  ." 2,460 


Total  cost  of  200  H.-P.  steam $7,940—      7,940 

Cost  per  H.-P $39.70 

Value  of  700  H.-P.  water 7 . . . .         12,310 

Value  of  1  H.-P.  water $17.60 
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Second  Case. 

KeqiiinHl  mill-powor 900  Horse-power. 

Average  water-powor 600  " 

Average  steam-power 300  " 

Maximum  st(\am-power 500  " 

Full  annual  cost  of  900  H.-P.  as  before   $20,250 

Annual  interest,  etc.,  500  H.-P.  C.  C.  («),  $6.00 $3,000 

Annual  supplies,  etc.,  500  H.-P.  C.  C.  @  $7.60 3,800 

Annual  coal,  300  H.-P.  C.  C.  @  $11.40   3,420 

Total  cost  of  300  H.-P.  steam $10,220—    10,220 

Cost  per  H.-P $34.07 

Value  of  600  H.-P.  water 10,030 

Value  of  1  H.-P.  water $16.72 


Third  Case. 

Required  mill-power 900  Horse-power 

Average  water-power 500  " 

Average  steam-power 400  " 

Maximum  steam-power 600  " 

Full  annual  cost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  600  H.-P.  C.  C.  @  $5.75 $3,450 

Annual  supplies,  etc.,  600  H.-P.  C.  C.  @  $7.75 4,650 

Annual  coal,  400  H.-P.  C.  C.  @  $10.50 4,200 

Total  cost  of  400  H.-P.  steam $12,300—    12,300 

Cost  per  H.-P $30.75 

Value  of  500  H.-P.  water 7,950 

Value  of  1  H.-P.  water $15.90 


Fourth  Case. 

Required  mill-power 900  Horse-power. 

Average  water-power 400  " 

Average  steam-power 500  " 

Maximum  steam-power   750  " 

Full  annual  cost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  700  H.-P.  C.  C.  @  $5.50 $  3,920 

Annual  supplies,  etc.,  700  H.-P.  C.  C.  @  $7.80 5,460 

Annual  coal,  500  H.-P.  C.  C.  @  $9.85 4,925 

Total  cost  of  coal,  500  H.-P.  steam $14,305—    14,305 

Cost  per  H.-P $28.61 

Value  of  400  H.-P.  water '. 5,945 

Value  of  1  H.-P.  water $14.86 
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Fifth  Case. 

Required  mill-powor 900  Horse-power. 

Average  \vat<»r-power .  300  " 

Average  steam-power 000  " 

Maxinmni  steam-power SOO  " 

Kull  annual  cost  of  900  H.-P..  as  before $20,2.50 

Annual  interest,  etc  ,  SOO  H.-P.  C.  C.  @    $5.55 S4.4 10 

Annual  supplies,  etc.,  SOO  H.-P.  C.  C.  @    $7.95 0.300 

Annual  eoal,  600  H.-P.  C.  C.  ^  $9.50 5,700 


Total  cost  of  GOO  H.-P  steam $16,500—    16,500 

Cost  per  H.-P., $27.50 

A  alue  ot  300  H.-P.  water 3,750 

Value  of  1  H.-P.  water $12.50 

Sixth  Case. 

Required  mill-power 900  Horse-power. 

Average  water-power 200  " 

Average  steam-power 700  " 

Maximum  steam-power .900  " 

Full  annual  cost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  900  H.-P.  C.  C.  @    $5.50 $4,950 

Annual  supplies,  etc.,  900  H.-P.  C.  C.  @    $7.70 6.930 

Annual  coal,  700  H.-P.  C.  C.  @  $9.30 6,510 


Total  cost  of  700  H.-P.  steam $18,390—  18,390 

Cost  per  H.-P $26.27 

Value  of  200  H.-P.  water 1,860 

Value  of  1  H.-P.  water $9.30 

Seventh  Case. 

Required  mill-power ; 900  Horse-power. 

Average  water-power   100  " 

Average  steam-power ^. 800  " 

Maximum  steam  power 900  " 

Full  annual  cost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  900  H.-P.  C.  C.  @    $5.50 $4,950 

Annual  supplies,  etc.,  900  H.-P.  C.  C.  @    $7.50 6,930 

Annual  coal,  800  H.-P.  C.  C.  @  $9.30  7,440 


Total  cost  of  800  H.-P.  steam $19,320—    19,320 

Cost  per  H.-P., $24.10 

Value  of  100  H.-P.  water    930 

Value  of  1  H.-P.  water $9.30 

Summary  of  Cost  of  Steam-power  asd  Value  of  Water-po'\^-er  at  Seven- 
Successive  Diversions,  as  per  Previous  Calculations.  Required 
Mill-powder  always  900  H.P. 
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TABLE  VL 


Cost  of  Steam -poweu. 


Amount. 
1 
200  H.-P. 
300  H.-P. 
400  H.-P. 
500  H.-P. 
600  H.-P. 
700  H.-P. 
800  H.-P. 
900  H.-P. 


Per  II. -1\  Annual. 
2 
$39  70 
34  07 
30  75 
28  61 
27  50 
26  27 
24  10 
22  50 


Total  Coi?t. 
3 
$7,940 
10,220 
12,300 
14,305 
16,500 
18,390 
19,320 
20,250 


Value  of  Wateu-powek. 

Amount.       Per  II. -P.  Annual.  Total  Value. 

5  6 

$17  60  $12,310 

16  72  10,030 

15  90  7,950 

14  86  5,945 

12  50  3,750 

9  30  1,860 

9  30  930 


4 
700  H.-P. 
600  H.-P. 
500  H.-P. 
400  H.-P. 
300  H.-P. 
200  H.-P. 
100  H.-P. 
0  H.-P. 


16.  In  addition  to  the  value  of  the  diverted  water-power,  there 
is  also  a  depreciated  value  to  the  remaining  water-power.  This 
is  easily  found  by  finding  the  value  of  the  water-power  before  and 
after  diversion,  and  the  difference  between  the  two,  multiplied  by 
the  amount  remaining,  is  the  amount  to  be  paid  for  depreciation. 

Table  YII.  gives  these  amounts,  as  well  as  the  direct  damages 
for  100  horse-power  diverted  at  seven  intervals. 

Annual  Cost  of  100  H.-P.  Diverted  Successively,  and  Depreciation  of 
Remaining  Power  for  Seven  Periods.  (See  Fig.  79.)  Required 
PER  Mill-power  always  900  H.P.      Cost  thereof  at  $22.50  =  $20,250 

Annum. 


TABLE  VII. 

Amount  of 
Water- 
power. 

Value  of 

Water 
per  H.-P. 

Differ- 
ence. 

Cost  of 
100  H.-P. 

Water- 
power 
Remaining. 

Amount  of 
Depre- 
ciation. 

Total  Cols. 
4  and  6. 

Cumulative 
Amount. 

1 

2 

3 

4 

5 

6 

7 

8 

700  H.-P. 

$17  60 

0.88 

$1,760 

600  H.-P. 

$528 

$2,288 

$2,288 

600  H.-P. 

16  72 

0.82 

1,672 

500  H.-P. 

410 

2,082 

4,370 

500  H.-P. 

15  90 

1.04 

1,590 

400  H.-P. 

416 

2,006 

6,376 

400  H.-P. 

14  86 

2.36 

1,486 

300  H.-P. 

708 

2,194 

8,570 

300  H.-P. 

12  50 

3.20 

1,250 

200  H.-P. 

640 

18,90 

10,460 

200  H.-P. 

9  30 

0. 

930 

100  H.-P. 

930 

11,390 

100  H.-P. 

9  30 

930 

930 

12,320 

Total $9,618     $2,702      $12,320         

17.  The  accounts  of  the  water-power  owner  wdll,  therefore, 
stand  as  follows: 

He  receives  annually  from  the  mill  owner  for  900  H.-P  .  . : . .  $20,250 
Before  any  water  is  taken,  he  expends  annually  for  steam- 
power  (Table  VI,  Column  3)   7,940 

Lea\ang  him  a  net  income  of $12,310 
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1st  When  100  II. -P.  are  taken  @  $17.00  plus  depreciation  lie 

receives  from  mill  owner $2(),2r)() 

100  li.-P.   From  city  (Table  VH,  Column  8) 2,288 

A  total  income  of    $22,r>38 

He  expends  for  steam-power  (Table  VI,  Column  3) 10,220 

Net  income $12,318 

2iul       Second  diversion  @  $10.70  plus  depreciation,  he  receives 

from  mill  owner    $20,250 

100  H.-P.  From  city  ($2,288  +  $2,082)    4,370 

A  total  income  of $24,620 

He  expends  for  steam  (Table  VI,  Column, 3) 12,300 

Net  income  of $12,320 

3d        From  mill  owner $20,250 

From  city 6,376 

100  H.-P.  Total  income  of $26,626 

Cost  of  steam  as  above 14,305 

Net  income v $12,321 

4th       From  mill  owner $20,250 

From  city 8  570 

100  H.-P.  Total  income  of $28,820 

Cost  of  steam 16,500 

Net  income $12,320 

5th       From  mill  owner $20,250 

From  city 10,400 

100  H.-P.  Total  income  of $30,710 

Cost  of  steam 18,390 

Net  Income $12,320 

6th       From  mill  owner $20,250 

From  city 11,390 

100  H.-P.  Total  income  of $31 ,640 

Costof  steam 19,320 

Net  Income $12,320 
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7th  From  mill  owner $20,250 

From  city 12,320 

100  H.-P.  Total  income  of $32,570 

Cost  of  steam 12,250 

Netincome    $12,320 

It  will  be  seen  that  the  analysis  proves  itself  correct  in  every 
instance.  The  water-power  owner,  whose  income  was  $12,320 
per  annum  before  any  diversion  of  water  took  place  always  re- 
ceives the  same  figure,  whether  much  or  little,  or  all  be  taken,  at 
intervals,  or  all  at  one  time. 

18.  Argument. — It  is  sometimes  admitted  by  engineers  on 
^'  the  other  side ''  that  my  analysis  for  ascertaining  the  value  of 
water-power  may  be  correct,  but  that  diverted  water-power  must 
be  paid  for  at  what  it  costs  to  take  its  place.  Thus,  in  the  case 
of  'No.  1  mill,  the  value  of  the  water-power  is  $18.52,  but  the  cost 
of  its  auxiliary  steam-power  is  $35.60  per  horse-power,  and  they 
w^ould  thus  maintain  that  that  should  be  the  amount  to  be  paid  for 
diverted  poAver.  This  seems  very  plausible,  and  it  is  a  fallacy  not 
easily  seen  through  by  engineers,  attorneys,  or  courts ;  but  it  is  a 
fallacy  nevertheless.  It  is  a  fallacy,  in  the  first  place,  because 
if  the  theory  w^erQ  correct,  it  would  lead  to  absurd  conclusions. 
Thus,  if  the  entire  water-power  of  690  horse-powder  were  taken 
(in  the  case  of  No.  1  mill)  and  paid  for  at  the  rate  of  the  cost  of 
its  auxiliary  steam-power,  namely,  $35.60,  the  "  damages  "  would 
be  $24,564,  which  exceeds  the  cost  of  an  entire  900-horse-power 
steam  plant. 

It  is  fallacious,  in  the  second  place,  because  it  makes  the 
"  damages  ''  to  an  imperfect  or  insufficient  water-power  greater 
than  is  conceded  to  be  the  value  of  a  perfect  or  complete  one; 
that  is,  it  is  claimed  that  $35.60  per  horse-power  should  be  paid 
for  a  defective  water-power  when  $22.50  per  horse-power  will 
pay  for  a  perfect  power. 

19.  It  were  perhaps  better  for  a  clearer  understanding  of  this 
problem  if  the  cost  of  furnishing  the  auxiliary  steam-power  were 
not  reduced  to  its  equivalent  cost  per  horse-power  at  all,  and 
simply  to  say  that  it  costs  the  water-power  owner  so  much  money 
to  supply  the  natural  defects  of  his  water-power,  which  expense 
he  must  go  to  in  order  to  find  a  market  for  his  water-power. 
The  question  of  cost  of  steam-power  is  only  entered  into  in  order 
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to  ascertain  the  true  value  of  the  water-power,  and  it  is  the  in- 
terest of  tlie  water-power  owner  to  make  it  as  little  as  possible. 
As  a  matter  of  fact,  for  the  buiall  diverted  power,  it  costs  him 
only  the  price  of  coal,  say  $14  per  horse-power  per  annum,  while 
he  is  paid,  under  this  analysis,  $18.52  per  horse-power.  It  is 
held,  however,  that  if  he  is  paid  only  for  the  coal  consumed,  he 
is  paid  nothing  for  his  plant,  etc.,  and  that  the  defendant  has  no 
right  to  use  that  plant. 

20.  The  maintenance  of  this  auxiliary  steam  plant  is  a  neces- 
sity and  a  burden  entirely  upon  the  shoulders  of  the  water-power 
owner,  in  order  to  make  his  Avater-pow^r  worth  its  maximum  lo 
himself,  as  slunvn  in  Table  IV.,  and  that  maximum  value  of 
water-powTr  the  defendant  is  willing  to  pay. 

Two  causes  are  at  work  w^hich  make  this  auxiliary  steam-power 
disproportionately  expensive:  First,  the  natural  fluctuation  of 
the  river  flow^;  and,  second,  its  insufficiency  for  the  uses  of  the 
mill.  ISTeither  of  these  causes  are  the  fault  of  the  defendant, 
except  in  the  latter  case,  by  the  amount  of  diversion.  It  is  not 
the  fault  of  the  defendant  that  the  auxiliar}^  power  costs  w^hat 
it  does,  and  he  should,  therefore,  not  be  made  to  pay  for  it. 
"When  he  has  paid  the  "  market  "  or  "  commercial  "  value  of  the 
water-power,  plus  the  damages  inflicted  upon  the  balance  of  re- 
maining power,  he  has  met  the  requirements  of  equity. 

21.  En  passant  1  may  allude  to  the  favorite  illustration  of 
eminent  counsel,  that  if  a  man  brings  into  the  city  horses  which 
he  is  selling  for  $100  apiece,  and  the  city  takes  for  its  ow^n  use 
one  or  more  of  his  horses,  the  city  must  pay  $100  for  the  horses 
taken,  and  not  $50  or  so,  or  whatever  they  may  cost  him.  I  agree 
to  the  correctness  of  the  claim  of  the  plaintiff.  On  the  other  hand, 
the  plaintiff  attempts  to  establish  the  "  market ''  value  of  steam- 
power  by  asking  a  tenant  at  some  city  factory  what  he  pays  for 
power.  The  case  of  a  tenant  at  a  distance  from  the  source  of 
power,  and  in  small  amounts,  is  not  an  analogous  case  with  the 
one  with  water-power  at  a  mill.  Here  the  entire  water-power  is 
absorbed  by  one  purchaser,  and  in  order  to  give  the  entire  water- 
power  its  maximum  ^^  commercial ''  value,  an  incidental  expense 
is  necessary,  with  which  the  defendant  really  has  no  concern. 

22.  Theorem  3  expresses  the  true  basis  upon  which  "  damages  " 
should  be  paid.  Under  the  analysis  here  laid  down  the  water- 
power  owner  is  not  injured  one  dollar  whether  much  or  little 
water  be  taken,  for  he  is  assured  precisely  the  same  annual  in- 
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come  ho  received  before  the  city  trespassed  upon  his  rights  as 
after. 

In  the  suit  referred  to,  however,  the  amount  of  power  diverted 
is  so  small  compared  with  the  river  flow  or  total  mill  power  that  I 
neglected  to  compute  this  item. 

I  believe  that  a  careful  study  of  this  paper,  however  crudely 
the  subject-matter  may  have  been  set  forth  by  me,  wall  convince 
the  reader  of  the  correctness  of  the  theorems  announced,  and  I 
shall  be  satisfied  to  leave  hereafter  to  more  graceful  pens  the  task 
of  presenting  the  subject  so  that  no  court  will  ever  go  astray 
again  on  this  abstruse  economic-engineering  problem. 

DISCUSSION. 

Mr.  George  I.  Bocliwood. — According  to  law,  when  a  piece 
of  property  has  been  damaged  and  its  value  thereby  reduced  or 
destroyed,  the  extent  of  the  damage  in  money  is  to  be  estimated 
by  finding  the  difference  between  the  fair  market  value  of  the 
property  before  it  received  the  injury  and  that  value  afterwards. 
This  difference  represents  the  compensation  to  ^vhich  the  owner 
is  entitled. 

I  am  told  there  is  no  exception  to  this  rule,  and  it  is  obviously 
just  ;  but  in  the  case  of  suits  brought  for  the  recovery  of  dam- 
ages occasioned  by  the  diversion  of  some  or  all  of  the  water  from 
a  w^ater  power  privilege,  it  has  been  found  very  difficult  to  apply 
the  rule  w^ith  satisfaction  to  both  parties,  and  some  definite  light 
upon  the  subject  is  badly  needed.  I  cannot  see  w^herein  Mr. 
N^agle's  paper  provides  much  illumination  on  the  general  ques- 
tion. In  so  far  as  his  ideas  are  correct,  I  think  they  are  not 
novel,  for  he  only  applies  in  particular  instances  some  general 
principles  first  enunciated  years  ago  by  Mr.  Charles  T.  Main. 

As  a  result  of  w^hat  study  I  myself  have  been  able  to  give  to 
these  general  principles,  considered  in  view  of  the  legal  rule  of 
damage  just  stated,  I  believe  it  is  the  relation  of  the  engineering 
features  to  the  legal  method  of  appraisal  which  causes  all  the 
trouble.  The  lawyers  and  tho  engineers  do  not  see  eye  to  eye 
respecting  what  the  legal  issues  really  are. 

To  apply  the  legal  rule  of  damage  to  any  given  case  it  is  neces- 
sary, as  a  preliminary  to  all  testimony,  to  define  two  of  its  main 
points  :  (1)  Just  exactly  what  the  property  is  which  the  diver- 
sion of  the  water  damages.  (2)  Just  where  the  market  for  its 
sale  lies. 
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With  ]'(\i;ar(l  to  1,  it  may  he  said  that  it  lias  Ihmmi  lidd  that 
the  ineasmv  of  (hinia<^es  for  the  diversion  of  a  stream  from  a 
manufactorv  was  the  diminished  rental  value  of  the  works  <lur- 
ing  the  ])eriod  of  diversion.  In  this  case  the  lawyer  says  that 
the  particular  ])ro])erty  damaged  is  not  tlu^  water  privilcjge  as 
such,  but  the  mill  property.  The  value  of  every  ])art  of  that 
mill  pro})erty — land,  buildings,  machinery  and  tenements — has 
been  injured  by  the  diversion  of  the  water  from  the  mill-dam. 
If  the  water  could  be  counted  upon  to  continue  to  flow  to  that 
dam  in  the  natural  quantity,  the  value  of  all  that  mill  ])ro})erty 
was  one  sum.  If  the  water  has  been  div^erted,  all  this  property 
sinks  in  value.  The  difference  between  what  it  was  worth  with 
a  water  su])ply  at  the  dam  and  what  it  is  Avortli  without  that 
supply,  is  the  damage  suffered  by  its  owners  by  the  diversion. 
In  other  words,  the  lawyer  here  regarded  the  right  to  use  the 
full  natural  flow  of  the  stream  as  a  characteristic  of  that  mill 
property — an  ''easement"  or  incorporeal  right  appurtenant  to 
the  mill  real  estate.  His  view^  contemplates  the  damage  done 
to  the  owners  in  view  of  all  of  their  property,  which  was  origin- 
ally located  at  the  stream  because  the  flowing  water  Avas  there  ; 
and  it  contemplates  the  damage  done  by  the  loss  of  every  use  to 
which  that  water  could  have  been  put  in  connection  with  the 
manufacturing  carried  on  in  that  mill.  This  is  evidently  a  very 
broad  view  of  the  damage  done  that  mill  property  by  the  diver- 
sion. Moreover,  it  is  the  traditional  way  to  appraise  such  dam- 
ages, and  it  is  thought  by  some  lawyers  to  be  the  only  possible 
way. 

It  has  also  been  held,  however,  in  another  case,  that  the  mea- 
sure of  damages  was  the  actual  value  of  the  use  of  the  water  dur- 
ing the  time  it  was  diverted.  This  measure  of  damages  seems  to 
be  much  broader  than  the  other  in  that  while  it  includes  the  loss 
suffered  by  a  mill  owner  for  the  uses  to  which  he  could  or  did 
put  that  water  in  his  own  mill — and  hence  measures,  at  least, 
the  reduction  in  the  fair  market  value  of  his  mill  real  estate  by 
the  diversion — it  also  contemplates  the  loss  in  value  of  the  use  of 
the  falling  water  by  any  other  user  than  himself.  In  this  view 
of  the  matter  a  riparian  privilege  is  a  piece  of  real  estate  itself, 
as  much  so  as  the  land  or  its  improvements.  If  there  is  no  pos- 
sible user,  situated  within  miles  of  the  privilege,  other  than  the 
mill  to  which  it  is  adjacent,  then  its  fair  market  value  is  quite 
plainly  the  value  which  the  owner  of  that  mill  could  reasonably 


308     "commercial"    value   of   water-power    per   HORSE-rOWER. 

set  upon  it ;  and  the  ^^  easement  "  theory  would  lead  to  the  same 
conclusion. 

But  very  often,  nowada3^s,  the  conditions  are  much  more  com- 
])licated,  and  the  ''easement"  theory  leads  to  very  awkward 
situations.  For  example,  suppose  a  large  cotton  mill  to  be  on 
one  bank  of  a  Avaterfall  and  a  much  smaller  mill,  manufacturing 
Avoolens,  on  the  opposite  bank.  Tlie  stream  is  variable,  has  very 
small  storage  capacity,  and  is  used  fully  and  equally  at  each  mill 
for  power,  steam,  and  washing  the  goods  in  process.  The  ])al- 
ance  of  powder  each  mill  requires  is  made  up  by  engines.  There 
are  other  mills  in  the  neighborhood  w^hich  are  run  by  steam- 
power  and  use  city  water  for  manufacturing  purposes. 

An  electric  railroad  passes  within  a  stone's  throw  of  the  mill- 
dam,  and  is  run  by  a  steam-power  plant.  If  water  is  diverted 
here  and  the  case  is  tried  on  the  lines  of  the  easement  theory, 
the  result  would  be  that  no  account  of  the  propinquity  of  that 
railroad  would  be  taken  at  all,  and  that  one  of  those  mill  owners 
Avould  get  bigger  damages  than  the  other,  although  both  own 
equal  parts  of  the  privilege,  and  each  ]nakes  a  full  use  of  his 
part.  But  if  the  water  privilege  is  considered  to  be  property 
and  the  particular  piece  of  real  estate  affected,  then  experts  on 
the  value  of  each  use  of  the  water  can  testify  as  to  the  damages 
resulting  from  the  loss  of  that  one  use  ;  and  the  sum  of  these 
damages  represents  the  loss  in  the  fair  market  value  of  the  priv- 
ilege, and  should  be  the  compensation.  The  mills  might  desire 
to  use  the  water  in  their  boilers  and  to  pass  it  through  their 
washing  machines.  But  as  they  only  run  five  and  one-half  days 
of  ten  hours  each  per  week  and  not  at  all  on  holidays,  whereas 
the  electric  street  railwa}^  runs  every  day  in  the  year,  sixteen 
hours  a  day,  very  likely  the  powder  part  of  the  privilege  w^ould 
soon  be  sold  to  run  the  railroad.  In  the  old  days,  w^hen  the 
doctrine  that  w^ater  power  was  an  easement  of  a  particular  piece 
of  land  grew"  up,  such  a  market  for  that  power  was  unthinkable. 
To-day  the  electric  railway  people  would  not  give  a  cent  more 
for  the  use  of  that  power  because  of  the  presence  of  the  tene- 
ments and  the  mills  and  the  machinery.  All  they  want  is  the 
power.  Whereas,  originally  that  privilege  had  no  value  apart 
from  the  mills,  and  they  could  not  run  without  the  power  of  the 
flowing  water,  and  would  have  had  to  stop  and  their  machinery 
to  be  dispersed  and  the  fixed  improvements  left  to  decay  if  the 
w^ater  had  been  diverted,  now  it  is  very  different.     Civilization 
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lias  developed  about  them.  An  exeellent  (juality  of  mill  popula- 
tion has  appeared.  Tlie  town  has  been  made  a  desirabk;  ])hico 
to  live  in.  The  cost  of  the  coui])eting  power  of  steam  has  been 
very  much  re(hiced.  To-day  it  is  not  improbable  that  if  that 
dam  Avere  washed  away  before  any  diversion  of  the  water,  it 
would  not  be  rebuilt;  or  the  right  to  rebuild  it  and  to  use  the 
])ower  would  be  sold  to  the  railway.  A  water  privil('<(e  is  no 
longer  the  pivotal  element  in  business  it  once  Avas.  It  is  worth 
just  what  can  be  got  out  of  it  in  competition  with  manufactured 
power  and  city  water  supplies  in  favored  regions,  and  no  more. 

Suppose  the  railway  bought  the  ])rivilege  and  a  strip  of  land 
ten  feet  Avide  doAvn  to  the  Avheel-house  from  the  highAvay.  Is 
that  priA^ilege  an  easement  to  that  strip  of  land  ?  That  seems  to 
be  putting  the  cart  before  the  horse.  The  land  cannot  be  fur- 
ther im])roved.  It  has  no  value  except  as  a  right  of  way  to  the 
dam.  Is  the  privilege  an  easement  to  the  Avhole  railway  ?  That 
would  be  absurd,  because  the  privilege  Avas  there  before  the  rail- 
way, and  is  independent  of  it.  The  simplest  Avay  is  to  consider 
that  priAdlege  as  a  piece  of  real  estate  by  itself  and  value  it 
accordingly  for  any  fair  market  value  it  had  before  .and  again 
after  the  diversion.  If  used  for  })ower,  then  an  engineer  who 
knoAvs  how  much  and  how  constant  the  power  is  can  state  with 
accuracy  just  how  valuable  this  use  of  the  Avater  is,  in  view  of 
the  market  for  the  sale  of  such  use.  If  it  is,  or  may  with  reason- 
able likelihood,  be  used  for  any  other  purpose  at  the  same  time 
that  it  is  used  for  poAver,  such  as  for  Avashing  textile  goods,  or 
for  boiler  feed-Avater,  or  for  fire  protection,  or  for  irrigation,  or 
AA^atering  stock,  then  its  value  is  found  by  adding  the  seA^eral 
A^alues  of  these  A'arious  uses  as  determined  by  the  testimony  of 
those  Avho  are  experts  in  appraising  such  uses.  But  it  is  rarely 
necessary  to  make  an  appraisal  of  all  the  land  and  mill  property 
of  Avhich  the  owner  of  a  Avater  priAdlege  happens  to  be  possessed, 
both  before  the  diversion  and  afterwards,  in  order  to  find  out 
what  was  the  fair  market  value  of  the  privilege  Avhich  has  been 
destroyed.  This  obA^ously  cannot  be  done  in  the  case  of  an  un- 
developed privilege,  there  being  no  land  improvements  AvhatcA^er 
to  appraise. 

Mr.  Nagle  says  nothing  about  how  to  A^alue  undeA^eloj^ed 
water  poAver  ;  nor  how  to  appraise  a  dcA^eloped  Avater  power 
for  any  other  than  the  specific  purpose  for  which  it  happens 
to  be  used  at  the  time  of  diversion.     His  method,  if  I  under- 
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stand  vvliat  it  is,  is  not  uncommon.  It  starts  with  the  assumption 
that  the  measure  of  its  value  is  the  capitalized  net  saving  due  to 
its  use  in  a  mill  requiring  a  stated  power  to  drive  it,  and  pro- 
ceeds to  find  out  what  that  saving  was  before  the  diversion,  and 
what  it  is  after  the  diversion.  The  dilference  represents  the  net 
loss  of  income,  and  this  sum,  capitalized  at  a  fair  rate  per  cent., 
represents  the  danuiges  due  to  the  loss  of  power. 

Thus,  in  paragraph  15  he  calculates  the  value  of  the  saving 
before  the  diversion  as  $12,310.  This  is  his  '^  First  Case,  Orig- 
inal Condition."  I^ext,  he  calculates  the  value  of  the  saving 
after  the  diversion  of  100-horse-power  as  $10,030.  The  differ- 
ence between  $12,310  and  $10,030,  or  $2,280,  may  be  found  in 
Table  YII.,  first  sum  in  column  7,  which  column  purports  to  be 
the ''direct"  damages  for  100-horse-power  diverted.  But  Mr. 
l^agle  does  not  seem  to  realize  that  this  is  what  he  is  doing,  for 
Theorem  3  says  :  "  The  damages  to  be  paid  annually  for  a  given 
amount  of  diverted  water  power  is  the  value  of  the  diverted 
Avater  power  as  found  by  Theorem  2,  plus  the  depreciation  in  the 
value  of  the  remaining  water  power." 

The  water  power  which  was  div^erted  has  the  value  per  horse- 
power found  by  the  rule  Theorem  2  only  when  the  value  of  the 
water  power  as  a  whole  is  considered.  But  the  value  of  the 
diverted  power  per  horse-poAver,  Avhen  estimated  in  the  light  of 
the  depreciated  value  of  the  balance  of  the  power,  is  Avorth  more. 
It  is  Avorth  as  much  more  as  the  balance  of  the  poAver  is  depreci- 
ated by  its  loss.  This  is  AA^hat  Theorem  3  says.  Then  why 
make  the  calculation  at  all  as  to  AA^hat  it  is  Avorth  considered  as 
a  going  part  of  the  Avhole  ?  It  is  such  tables  and  obscure  state- 
ments as  these  Avhich  bring  confusion  instead  of  conviction  to 
the  mind  of  the  Court. 

Theorem  1  leaves  one  to  infer  that  a  power  of  invariable 
amount  is  AVorth  whatever  it  Avould  cost  to  do  the  same  Avork  by 
steam  poAver.  Of  coarse  this  depends  entirely  upon  the  situa- 
tion. If  fuel  is  high  in  cost,  then  in  all  probability  the  location 
is  remote  from  market,  and  the  value  of  the  power  is  reduced  by 
the  extra  cost  of  freight  of  the  finished  goods,  or  else  by  the 
extra  cost  of  transforming  the  AA^ater  poAver  into  electric  power, 
and  of  transmitting  it  to  the  point  Avhere  it  is  to  be  used  ;  and 
this  cost  of  the  competing  steam  power  must  be  found,  not  at 
the  Avaterfall,  but  at  the  place  Avhere  the  poAver  is  to  be  used. 

I  belicA^e  the  theory  of  estimating  the  damages  caused  to  a 
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water  power  ]>rivilege  by  the  diversion  ol"  Ji  [);irt  or  nil  of  liit 
wiiter  from  the  dam  is  substantially  correct,  as  conveyed  by  Mr. 
Xagle  in  this  j)aj>er  ;  but  it  does  not  cover  the  whole  <^round  by 
any  means,  and  it  is  hardly  new  in  any  ])articular.  In  a|)[)lying 
this  theory  it  must  be  remembered  that  tluj  fair  mark(;t  value  oi 
the  ])rivilet^e,  so  far  as  the  use  of  the  water  foi'  power  is  con- 
cerned, depends  upon  the  greatest  value  it  could  reasonably  be 
expected  to  have  at  the  time  of  diversion  to  any  one  or  all  of  its 
possible  buyers.  This,  as  Mr.  Xagle  shows,  is  because  the  com- 
peting steam  power  costs  less  and  less  per  horse-power  as  the 
total  steady  power  required  increases. 

The  amount  of  power  which  a  turbine  develops,  or  the  amount 
of  water  which  passes  through  it,  uiay  be  recorded  minute  by 
minute,  hour  by  hour,  and  day  by  day,  by  the  use  of  an  appli- 
ance invented  and  protected  by  Prof.  C.  M.  Allen,  of  Worcester, 
the  broad  idea  being  a  development  from  a  suggestion  which  I 
made.  It  is  a  device  for  recording  the  discharge  of  a  turbine 
w^heel  using  the  turbine  itself  as  a  water  metre.  In  view  of  the 
fact  that  Professor  Allen  has  consented  to  give  a  detailed  de- 
scription of  the  principles  of  his  device  as  a  separate  paper,  I  will 
not  enlarge  upon  its  construction  and  action,  other  than  to  say 
that  it  has  been  applied  for  about  two  years,  and  that  the  result 
of  the  experience  had  shows  that  the  problem  has  been  solved 
satisfactorily,  both  from  the  scientific  and  practical  standpoint. 
The  special  field  of  usefulness  for  this  machine  is  where  power 
is  sold  on  a  basis  of  measurement  of  head  and  gate  opening  twice 
a  day  throughout  the  year. 

Mr.  II.  de  B.  Parsons  (contributed  after  the  Meeting). — The 
commercial  value  of  any  water  power,  whether  large  or  small, 
is  difficult  to  determine  in  a  manner  which  will  prove  satisfactory 
to  both  the  seller  and  the  purchaser.  It  is  fair  to  assume  that 
the  seller  will  value  his  power  privilege  as  high  as  possible,  and 
will  advance  reasons  for  so  arriving  at  his  estimate  which  w^ill 
have  to  be  considered. 

The  purchaser  (either  a  buyer  of  the  privileges  or  a  party  liable 
for  damages  for  diversion)  may  be  willing  to  pay  a  fair  value, 
but  not  a  value  such  as  claimed  by  the  seller.  If  the  parties 
could  agree  on  a  sum  to  be  paid  in  every  case,  there  would  be 
no  need  of  any  ''valuation"  to  be  determined  by  testimony, 
argument,  or  calculation.  Unfortunately,  the  valuation  of  a 
water  right  is  seldom  so  easily  settled,  and  the  problem  has  been 
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presented  in  so  many  cases  as  to  prove  it  to  be  diliiciilt  of  easy 
solution. 

The  value  of  a  water  riglit  is  divisible  into  two  parts,  viz. : 

{a)  Yalue  of  water  privilege,  7>6V  se. 

(J))  Yalue  of  water  power,  as  utilized. 

The  first  part  represents  Avliat  could  be  classed  as  "  speculative  " 
value;  that  is,  the  ownership  is  worth  something  for  develop- 
ment, and  the  question  is  ''how  much?"  This  speculative 
value  must  be  peculiar  to  each  individual  case,  and  depends  on 
geographic  location  and  local  needs.  Thus,  a  vast  power  situ- 
ated somewhere  in  a  distant  location,  far  from  civilization,  is 
worth,  at  the  moment,  less  than  a  small  po^ver  near  a  large 
manufacturing  centre.  Again,  a  power  near  a  manufacturing 
centre  where  fuel  is  cheap  is  worth  less  than  one  near  an  equally 
advantageous  centre  where  fuel  is  scarce. 

The  second  part  has  a  value  varying  with  the  proportion  util- 
ized. Thus,  if  all  the  power  is  developed,  the  total  "commer- 
cial "  value  of  the  water  rights  would  be  found  under  this  head. 
If  only  part  were  developed,  then  the  value  would  be  part  under 
both  heads  {a)  and  ip).  The  question  again  arises,  "how  much 
should  be  determined  under  {a)  and  how  much  under  (^)  ?  "  Ac- 
cording to  the  Author,  all  value  under  {a)  has  been  neglected, 
and  only  such  value  as  may  be  attributed  under  (b)  has  been 
considered. 

Furthermore,  the  assumption  has  apparently  been  made  that 
the  privilege  has  been  fully  developed.  This  is  but  one  case  out 
of  many  which  may  be  found  in  practice. 

A  privilege  may  be  developed  for  a  specific  factory  purpose, 
using  all  the  water  of  the  stream,  but  for  an  addition  or  for 
another  factory  that  power  may  not  be  sufficient.  An  increase 
in  the  height  of  dam  is  often  a  condition  which  may  be  effected 
without  flooding;  other  rio^hts.  The  value  should  include  some- 
thing  for  such  a  possible  increase  of  development. 

The  Author's  general  scheme  of  obtaining  an  estimate  of  value 
is  correct  as  far  as  it  goes,  but  is  neither  comprehensive  nor 
broad  enough  to  include  all  conditions,  and,  therefore,  is  not 
final.  Water  privileges  are  not  alike.  All  have  peculiar  con- 
ditions which  cannot  be  neglected  or  generalized.  There  are 
numerous  difficulties  involved,  such  as  the  amount  of  power 
available,  the  completeness  of  the  development,  the  standard  for 
comparison  in  cost  of  a  steam  horse  power  per  annum,  etc.. 
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which  make  the  problem  one  lor  serious  consideration,  and 
which  aj)|)i)ear  to  prevent  generalization,  owing  to  the  varial)le 
character  of  the  items  composing  the  same. 

Mr.  X(ifjl(\''^' — To  fairly  answer  Mr.  Kock wood's  criticisms 
would  be  to  take  up  the  arguments  presented  by  the  attorneys 
for  the  plaintilf,  which  I  can  hardly  be  expected  to  do.  Hut, 
fundamentally,  their  erroneous  views  arise  from  the  lack  of  a 
proper  division  of  the  complicated  problem  into  its  simple  eks 
ments.  So  far  as  a  water  power  affects  land,  mill,  or  tenement 
values,  the  word  steam  power  may  just  as  well  be  substituted 
with  equal  force  to  the  argument.  Any  industry  gives  a  certain 
value  to  surrounding  properties,  regardless  of  the  particular  kind 
of  power  it  uses.  The  destruction  of  any  portion  of  the  power 
o])erating  said  industry  would,  of  course,  affect  the  values  of  all 
properties  surrounding  it;  but  to  attribute  any  different  effect 
from  the  destruction  of  a  portion  of  a  water  power  than  from 
the  destruction  of  an  equal  portion  of  a  steam  power,  seems  to 
me  to  be  extremely  irrational.  Hence,  any  arguments  which 
tend  to  give  as  great,  or  even  greater,  value  to  a  water  power, 
under  usual  conditions,  than  its  equivalent  steam  power,  is  full 
of  sophistry.  There  is  only  one  way  to  obtain  ''damages''  in 
excess  of  the  value  of  the  water  power  taken,  and  that  would  be 
a  purely  hypothetical  case,  Avhere  the  water  power  was  complete 
and  perfect  every  day  in  the  year  to  supply  the  needs  of  a  mill; 
or  where  sufficient  water  power  was  available  to  supply  the 
power  of  the  mill,  without  auxiliary  steam  power  before  any 
water  was  diverted  or  taken,  but  requiring  the  installment  of  a 
steam  plant  to  make  good  the  amount  diverted.  In  such  case, 
worked  out  strictly  in  accordance  with  the  rules  laid  doAvn,  it 
will  be  found  that  the  ^'  damao;es ''  would  amount  to  the  cost  of 
operating  this  newly-installed  steam  plant  and,  of  course,  exceed 
the  value  of  the  water  power.  But,  of  course,  no  cases  were 
involved  in  the  suit. 

It  seemed  to  me  that  Mr.  Eockwood  failed  to  grasp  the  im- 
portant part  of  the  paper,  pointing  out  the  necessity  of  separating 
in  the  analysis  the  mill  owner  from  the  water  power  owner  as 
having  two  antagonistic  interests,  that  of  buyer  and  seller.  I 
thought  it  important  to  have  demonstrated  that  the  high  cost  of 
the  variable  steam  power  of  a  mill  diminished  the  value  of  its 


*  Author's  closure,  under  the  Rules, 
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water  power.  Thus,  in  the  case  of  No.  5  Samoset  Mill,  the  vari- 
ables steam  ])ower  may  cost  Ji>40.00  per  horse-power  per  annum, 
wliile  its  variable  water  power  Avas  worth  only  $17.31.  Hitherto  it 
had  been  contended  that  ''damages"  for  diverted  power  should 
be  paid  for  at  the  rate  of  this  $40.00,  the  cost  of  steam  power, 
but  I  have  demonstrated  that  it  should  be  paid  for  at  the  rate  of 
the  $17.31,  the  value  of  the  water  power. 

We  need  no  longer  to  contend  against  the  claim  of  the  plain- 
tiff that  his  variable  steam  power  costs  him  $40.00,  $50.00,  or 
$60.00  per  horse-power  per  annum,  knowing  that  the  fact  proves 
the  smaller  value  of  his  variable  water  power,  and  for  the  loss  of 
which  only  we  pay  "  damages." 

Mr.  EockAVOod  thinks  I  confuse,  rather  than  make  clear,  the 
way  the  ''  total  damages  "  are  given  in  column  7  of  Table  VII. 
In  column  4  is  given  the  direct  damages  for  taking  100-horse- 
power,  at  $1,760  ;  under  Theorem  2,  column  6  gives  the  amount 
of  depreciation  ($528)  for  the  remaining  Avater  poAver;  under 
Theorem  3,  column  7  giA^es  the  sum  of  these  tAvo.  It  is  true  that 
a  simple  statement  of  the  value  of  the  Avater  poAA^er  before  and 
after  diversion  of  any  part  of  it  Avould  be  sufficient,  but  to  my 
mind  it  seemed  more  satisfactory  to  point  out  the  steps  Avhich  led 
to  the  result. 

I  have  no  disposition  to  appropriate  Mr.  Main's  studies  as  my 
own.  I  had  not  read  Mr.  Main's  paper  until  Mr.  RockAvood 
called  my  attention  to  it,  and  I  do  not  now  find  in  it  Avhat  I  have 
set  forth  in  m}^  paper;  but  if  AA^e  have  reached  the  same  conclu- 
sions, as  Mr.  RockAvood  says  Ave  have,  I  am  sure  that  Mr.  Main 
and  myself  will  be  equally  pleased, 

Mr.  Parsons  says  that  ''the  general  scheme  of  obtaining  an 
estimate  of  A^alue  is  correct  as  far  as  it  goes,  but  is  neither  com- 
prehensive nor  broad  enough  to  include  all  conditions,  and,  there- 
fore, is  not  final,  etc."  I  accept  this  criticism  as  being  just,  but 
must  explain  that  I  naturally  limited  the  scope  to  the  conditions 
prevailing  in  the  case  before  the  Court.  On  the  other  hand,  I 
must  add,  that  if  the  "scheme  is  correct  as  far  as  it  goes,"  it 
not  only  goes  far  enough  for  the  case  in  hand,  but  can  be  readily 
adapted  to  other  special  cases. 
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Xo.  147. 

Smoke  Consumption. 

Prof.  F.  E.  Hulton. — At  a  recent  visit  to  an  important  produc- 
ing plant  just  outside  of  Syracuse,  attention  was  directed  to  tlio 


Fig.  85. 

appearance  against  the  sky  of  two  columns  of  products  of  com- 
bustion, which  are  presented  in  the  photograph.  The  stacks  are 
of  about  equal  height;  the  brick  one  takes  the  products  of  com- 
bustion from  3,500  horse-power  Babcock  and  Wilcox  boilers, 
which  are  fired  by  hand.  The  steel  stack  to  the  right  of  the  brick 
stack  is  discharging  the  smoke  from  3,600  horse-power  of  the 
same  type  of  boilers,   operated  with  mechanical  stoking.     The 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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coal  used  is  the  ordinary  run  of  mine  from  the  Clearfield  district 
of  the  usual  soft-coal  type,  and  the  rates  of  combustion,  as  far 
as  have  been  observed,  average  18  pounds  per  square  foot  grate 
per  hour  for  the  hand-fired  battery,  and  about  the  same  for  the 
stoker.  It  is,  of  course,  difficult  in  a  photograph  to  secure  the 
profound  impression  Avhich  is  made  upon  the  eye  even  with  a  back- 
ground of  a  gray  sky. 

It  happens  cpiite  often  that  the  mechanically-fired  boih'rs  show- 
less  volume  of  smoke  than  at  the  time  chosen  in  the  photo- 
graph, but  these  represent  average  conditions  as  nearly  as  can  be 
represented.  The  distant  stack,  towards  the  left  of  the  photo- 
graph, represents  the  discharge  from  a  boiler  house  of  the  same 
size  and  arrangement  as  the  hand-fired  one  above  described. 

Mr.  A.  Bement. — There  is  in  use  in  Chicago,  under  boilers, 
every  type  of  furnace  from  the  plain  hand-fired  grate  to  chain 
grate  stokers  and  coal  dust  firing  apparatus.  An  example  of  each 
may  be  selected  which  makes  practically  no  smoke  at  all.  On  the 
other  hand  every  one  of  these  types  may  be  observed  in  other 
cases  to  be  very  bad  smokers. 

A  liberal  air  supply  has  been  quite  generally  assumed  to  be 
required  to  assure  the  oxidation  of  the  carbon,  yet  the  gas  analysis 
may  show  air  in  excess  to  the  extent  of  two  or  three  hundred  per 
cent.,  with  very  much  smoke,  an  abundance  of  oxygen  being 
present  in  the  furnace  but  not  coming  in  contact  with  all  of  the 
carbon  of  the  gases  during  the  period  that  the  temperature  is  high 
enough  for  union.  An  ordinary  tallow  candle  has  a  flame  about 
one  inch  long  with  the  gas  burning  on  the  outside  of  its  mass;  if 
the  candle  should  be  much  larger,  with  a  wick  to  correspond,  then 
the  mass  of  gas  would  be  larger  in  proportion,  and  consequently 
the  flame  must  be  larger  because  the  mass  can  burn  on  the 
surface  only.  With  a  small  piece  of  coal  there  would  be  a  short 
flame;  a  large  piece,  however,  would  give  off  a  large  mass  of  gas, 
and,  consequently,  there  w^ould  be  a  long  flame,  which  would 
require  so  much  time  in  burning  that  it  would  reach  to  the  heat- 
ing surface  and  be  cooled  below  the  temperature  of  union  result- 
ing in  smoke. 

The  cause  of  smoke  is  a  failure  of  an  intimate  mixture  of  gas 
and  air  during  the  brief  period  of  sufficient  temperature.  If  it 
were  possible  to  thoroughly  stir  the  gas  and  air  together  in  the 
furnace  so  that  there  w^ould  be  a  complete  mixture,  the  result 
would  be,  with  a  sufficient  air  supply,  that  all  of  the  carbon  would 


TOIMC.M.    DISCI'SSION'S    AND    NO'IMIS    Ol'    I'.X  I'll;  I  |,N  (i;.  ,'{17 

be  (ixidi/cd  lo  cni-lxui  dioxide;  with  :i  less  air  su|)]»lv  the  IciidcMcy 
would   hv  lo  produce  earhou    monoxide,  eaeli  a   colorless  ^as,   iiii 
accoiiipaided  l>y  llaiiie.      It  is  in  an  eiVorl  to  |)roinote  such  mixture 
that  steam  jets  are  eni])love(l,  likewise  arran*;-ement  of  hi-ick  work 
tendiui*-  to  inliuc^nce  the  tiow  of  the  i;ases,  and  stir  them  together. 

Best  results  will  bo  had  in  ])reventin«»'  smoke  when  the  efforts 
are  directed  es])ecially  to  the  effectin<>;  of  a  thorou<^h  mixture, 
which  will  require,  with  a  furnace  directly  ex])ose(l  to  the  boiler, 
that  it  be  obtained  as  (juickly  as  possible,  while  with  a  furnace 
covered  with  an  arch  there  is  uiore  time. 

Generally  best  results  with  hand  firing  are  had  with  small  sized 
coal,  fed  uniformly  over  the  surface  of  the  fuel  bed  in  a  thin 
layer,  and  the  coaling  being  as  near  continuous  as  possible.  This 
method,  with  a  clean  grate,  has  been  quite  successful.  An  ac- 
cumulation of  clinker  is  harmful  because  it  obstructs  the  air  su])])ly 
to  the  fuel  above  it.  This  is  similar  to  the  action  of  mechanical 
stokers  and  implies  that  the  hand  method  be  made  to  conform  to 
the  performance  of  the  machine  as  far  as  possible.  With 
mechanical  stokers,  the  coal  is  usually  fed  to  one  end  of  the  grate 
and  the  ash  discharged  at  the  other,  but  with  hand  firing  the 
supply  of  fuel  is  at  the  top  of  the  fire,  and  it  would  be  desirable 
to  discharge  the  ash  from  the  bottom.  This  has  been  quite  satis- 
factorily accomplished  by  means  of  a  shaking  grate  continuously 
kept  in  motion.  Its  action,  together  Avitli  the  occasional  prompt 
removal  of  a  small  clinker,  has  insured  a  clean  fire  and  made  the 
occasional  cleaning  of  the  fire  unnecessary. 

A  uniform  feed  of  the  combustible  of  all  else  is  most  important, 
and  in  this  connection  Fig.  87  is  of  interest.  This  furnace  is 
a  gravity  stoker  feeding  from  the  front  and  provided  with  ver- 
tically inclined  fire  bars.  The  fuel  did  not  feed  down  the  incline 
in  a  satisfactory  manner,  and  as  the  machine  w^ould  itself  operate, 
the  gas  analysis  showed  about  G  or  7  per  cent.  CO2,  and  12  or  13 
per  cent.  0;  consequently  the  efficiency  and  capacity  were  both 
low,  but  there  was  no  smoke.  That  the  capacity  should  be  greater, 
the  practice  of  forcing  the  coal  down  the  grate  by  means  of  a 
poker  through  the  corner  doors  was  adopted ;  this  resulted  in  mak- 
ing much  smoke.  When  the  work  of  correcting  the  trouble  was 
undertaken,  the  econometer  in  the  plant  was  moved  to  this  furnace 
and  connected.  The  readings  shown  by  the  curves  in  the  diagram. 
Fig.  87,  were  taken  every  minute,  one  of  a  period  of  two  hours 
and  twenty-six  minutes ;  the  other,  two  hours ;  both  covered  an 
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interval  which  included  two  cleanings  of  the  fire,  at  which  time 
the  lower  portion  of  the  grate  was  opened.  These  cleanings  are 
designated  as  FC.  It  had  been  the  assumption  that  after  the  fire 
was  cleaned,  an  immediate  large  supply  of  coal  was  required. 
For  this  reason  coal  was  poked  down,  resulting  in  the  large  drop 
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ill  CO:  JI-'  sIh'Nvii  in  ilic  lowci*  ciii-xc.  All  of  tlic  (li'<»|is  in  this 
curve  were  cnuscd  hy  pokinu'  down  llic  conl  willi  llic  cxccplioii  of 
those  lit  the  time  of  clcanini;'  the  lire,  mid  were  ac'(M)iiij)aiii(Ml  hy 
osca]nni;"  hydrocarhons,  iii('()iii])l{'t('  comhiistioii  and  siiKikc.  The 
ui)])C'r  curve*  shows  the  improved  })ractic('  secured  hy  more  careful 
mauijuilation,  the  feed  of  the  coal  down  the  i»rate  heing-  ludped 
hy  means  of  a  thin  slice  har  tlirouiih  the  lower  i)ortion,  so  used 
as  to  hel})  the  ash  in  its  descent.      'Jdiis  resulted  in  an  entirely 


i^lG.   »». 


smokeless  combustion  and  a  larger  capacity  than  had  been  obtained 
before.  The  plant  has  between  70,000  and  80,000  square  feet 
of  boiler  heating  surface,  served  by  10  gravity  feed  stokers  as 
mentioned,  12  chain  grate  stokers,  two  down  draft  furnaces  and 
three  hand  fires  with  shaking  grates.  Of  these  the  gravity  feed 
stokers,  the  down  draft  furnaces  and  eight  of  the  chain  grates 
were  served  by  the  large  chimney  shown  in  Fig.  88;  the  others 
by  another  chimney  not  shown.  The  three  hand  fires  of  52  square 
feet  of  grate  each  were  fired  by  two  men  who  made  much  smoke. 
The  remedy  applied  to  these  three  units  consisted  in  reducing 
the  grates  to  -IT  square  feet,  and  putting  a  man  to  each  fire.  The 
result,  with  the  method  of  firing  as  outlined  above,  Avas   verj 
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satisfnctorv  and  lafci-  a  iii'c  hi'ick  arcli  was  sprung  over  oaeli  fire 
and  steam  jets  j)la('('d  in  IVonl  willi  llic  ohjccl  of  making  the  work 
easici'  tor  the  men. 

Tlio  two  down  draft  fnvnaoos  liad  bcon  tired  by  one  man.  This 
was  changed  by  ])ntting  a  man  to  each  furnace  and  ado])ting  the 
foll(nving  metliod  of  working  the  fires.  A  rather  thick  bed  of 
coal  was  maintained  on  the  np])er  grate,  Avliich  was  fi-etpiently 
and  carefully  sliced,  in  a  manner  to  ensure  that  the  hot  coke  in  the 
bottom  of  th(^  bed  would  dro])  through  to  the  lower  grate,  and 
that  the  green  coal  would  not  be  disturbed  enough  to  drop  down. 
Immediat(dy  after  each  slicing  the  fire  on  the  bottom  grate  was 
leveled  with  a  rake.  The  lower  fire  was  kept  clean  and  it  burned 
about  as  much  fnel  as  the  npper  one.  One  of  these  furnaces  of 
about  100  squai'e  feet  in  both  grates  would  burn  more  coal  with 
this  active  condition  than  one  man  could  furnish  if  given  full 
air  supply ;  therefore,  the  ash  ])it  doors  were  ke]:>t  partly  closed 
to  keep  down  the  capacity.  With  this  method  the  CO  2  would 
average  as  high  as  14  with  no  CO  and  there  was  almost  no  sign  of 
smoke. 

The  gases  from  the  chain  grate  fires  went  directly  among  the 
tnbes  of  the  boiler  and  there  was  always  some  smoke,  not  such  an 
amount,  however,  as  would  have  justified  the  large  expense  re- 
quired to  make  the  changes  in  the  apparatus  that  would  have 
ensured  their  correction. 

The  condition  of  the  chimney  in  the  photograph  shows  the 
result  of  the  improved  methods,  the  siuoke  issuing  being  about 
the  average  and  almost  all  of  it  from  the  chain  grates.  This  ex- 
ample is  interesting  inasmuch  as  it  was  a  most  serious  case  of 
smoke  nuisance,  and  the  three  types  of  furnaces  that  gave  the 
trouble  were  corrected  without  any  changes  in  the  apparatus. 

In  an  experiment  to  determine  the  relative  amount  of  smoke 
made  by  a  down  draft  furnace  with  the  then  prevailing  practice, 
as  compared  to  that  outlined  above,  a  metal  strip  was  suspended 
in  the  flue  for  a  required  interval;  the  accumulation  of  carbon 
was  then  scraped  off  and  weighed.  During  the  evaporation  of 
1,000  cubic  feet  of  water  with  the  practice  that  prevailed  the 
weight  of  the  carbons  was  63  milligrams.  With  the  improved 
method  during  the  evaporation  of  1,054  cubic  feet,  the  accumula- 
tion was  3  milligrams. 

Referring  to  Fig.  89,  the  four  chimneys  of  one  of  the  Chicago 
Edison  Company's  stations  will  be  seen,  two  appearing  on  each 
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side  of  llic  i»Msvino-  scliooncr.     'I'lioc  ai'c  ('\;iiii|>lcs  of  wliat  iiiav  l)e 
;u*('(iiii])lisli(Hl  with  a  l>iliiiiiiii<»ns  cnal  as  a  fuel.      Tlic  riii'iiaccs  are 


Fig.   89. 


equipped  with  chain  grates,  and  have  a  Ljng  tile  roof  extending  to 
the  back  of  the  boiler. 

Arches,  ''  Dutch  ovens,"  etc.,  are  often  considered  as  accom- 
plishing much  in  the  way  of  ])reventing  smoke.     It  will  be  in- 


FiG.  90. 

teresting  to  view  the  matter  from  the  standpoint  of  a  reverbera- 
torv  furnace  as  indicated  bv  Fig.  90.  The  length  from  bridge- 
wall  to  chimney  in  this  case  is  about  21  feet,  and  the  height  of 
the  chimney  45  feet.  As  the  chimney  lining  is  at  least  red  hot 
for  a  considerable  distance,  it  is  a  case  most  favorable  for  high 
21 
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tciiiperaturo,  Avitli  o])])ortiinity  for  the  gases  to  mix  together 
iinohtaiiijible  in  the  case  of  a  boiler  furnace,  strong  air  jets  from 
the  twvers  are  also  an  assistance.  Such  furnace,  when  fired  uni- 
formly at  frequent  intervals,  will  show  no  smoke  at  all,  hut  a 
heavy  coaling  will  produce  dense  smoke. 

The  best  scheme  for  a  smokeless  furnace  appears  to  be  the 
combination  of  a  mechanical  stoker,  ensuring  a  uniform  feed  of 
the  coal  and  a  large  mixing  chamber.  Steam  and  air  jets,  arches, 
mixing  and  combustion  chambers,  all  have  advantages,  but  not 
enough  to  overcome  the  effects  of  irregular  and  heavy  coalings. 
Probably  the  two  cases  illustrated  in  Figs.  88  and  80  show  the 
value  of  the  hot  chamber.  The  stoker  in  each  case  is  of  the  same 
make ;  with  each  the  mixture  of  combustible  and  air  starts  right  at 
the  fire,  but  with  one  it  is  not  finished  on  account  of  the  presence 
of  the  cooler  boiler,  while  with  the  other  it  is  perfected  in  the 
mixing  chamber. 

Mr.  E.  P.  Bates. — I  will  just  say  a  word.  Something  perhaps 
that  everv  2'entleman  here  mav  be  more  familiar  with  than  I  am 
myself.  But  to  illustrate,  in  my  early  practice  I  was  in  St.  Louis 
fitting  up  some  large  buildings  with  steam  apparatus,  and  every 
one  knows  how  smoky  St.  Louis  was  a  few  years  ago,  but  on  a 
later  visit  there  I  was  talking  with  the  engineer  of  a  building  where 
they  were  operating  my  apparatus,  and  we  were  commenting  on 
the  difference  in  the  appearance  of  the  city.  He,  the  engineer, 
said,  ''  The  city  has  passed  an  ordinance  which  prohibits  the  escape 
of  smoke  under  penalty  of  heavy  fines."  It  was  a  prohibitory 
ordinance,  and  he  said,  ^'  Come  up  on  top  of  the  building."  We 
took  an  elevator  and  went  up  on  top  of  the  building — the  first 
10-story  building  ever  built  in  St.  Louis — and  observed  the  tops 
of  the  chimney  nearby.  The  engineer  said,  '^  There  is  a  build- 
ing nearby  that  consumes  so  many  tons  of  coal  per  month  to  run 
its  elevator,  heat  and  pump  water.  And  when  this  ordinance 
was  passed  the  owner  w^ent  to  the  engineer  and  said,  '  I  will  give 
you  all  the  saving  you  will  effect  in  fuel  if  you  will  prevent  the 
escape  of  black  smoke  from  your  stack.'  "  The  engineer  took  it 
"up  and  began  a  system  of  firing  different  from  the  careless  firing 
which  they  had  previously  been  practicing,  and  w^hich  nearly  every 
engineer  permitted.  The  custom  w^as  in  using  the  Illinois  coal 
which  our  friend  speaks  of,  to  open  the  door  and  cover  nearly  the 
entire  surface  of  the  fire  thickly  with  very  poor  coal.  Of  course 
the  temperature  of  the  furnace  dropped  down  to  a  very  low  point 
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and  llic  cnnstMiuciicc  was  llial  llic  Mack  smoke  would  jtour  out 
for  several  iiiiimtes  nj  lenst.  IJiit  in  the  jiew  s\sleiii  tliev  fire  tlio 
coal  <tn  llie  front  of  the  furnaces;  say  aliniit  Hi  inches  «»f  the  front 
of  the  i»rate  was  tired  with  fresh  c(»nl.  The  reniain<lei"  of  the  fiiH; 
was  left  incandescent.  The  coal  tired  on  the  fi-ont  of  the  ^ratc 
became  coked  and  in  a  few  moments  was  spread  by  a  hoe  over  the 
tire.  Anoth(M-  instalment  of  fresh  coal  was  ])nt  on  the  front  of  the 
urate,  and  in  that  way  they  were  enabled  to  lire  with  very  much 
less  fuel  and  had  no  black  smoke  issuing  from  the  stack.  There 
was  color,  though,  from  the  top  of  the  stack,  very  visible,  but  it 
was  gray  and  not  black,  and  in  the  building  to  which  I  refer  the 
engineej-  increased  his  pay  some  $14  a  month  by  the  saving  in  fuel. 
Mr.  Gus  C.  J/cnuing. — I  would  like  sim])ly  to  ex])lain  what  I 
have  seen  in  Vienna,  where  the  Central  Electric  station  is  placed 
immediately  opposite  the  Archduke  Albrecht's  j)alace,  and  the  con- 
dition, I  believe,  on  which  1G,000  h()rse-])ower  was  allowed  to  be  put 
there  on  the  banks  of  the  Danube,  was  that  no  smoke  shall  ever  issue 
from  the  stacks  of  any  one  of  ()4,2r)0  l>abcock  iSz  Wilcox  boilers, 
for  the  period  of  15  minutes.  If  the  smoke  issued  ever  so  little 
they  were  fined  heavily,  so  much  a  minute  for  the  time  the  smoke 
issued.  I  went  there  and  examined  those  boilers,  one  row  of  which 
was  completed  and  had  been  in  operation  for  several  weeks,  burn- 
ing Austrian  coal,  being  the  poorest  and  dirtiest  of  coals  (much 
worse  than  the  Illinois  coal),  I  was  shown  how  that  apparatus  was 
operating.  They  simply  admitted  a  little  air  and  steam  through  a 
certain  apparatus  on  the  door  and  within  the  furnace,  into  the  fur- 
nace, and  when  the  door  was  closed  it  made  the  apparatus  operative. 
Shutting  off  the  apparatus  smoke  issued  from  the  stack  within  t\vo 
minutes.  There  were  two  stacks,  one  for  each  set  of  boilers,  and 
I  think  I  am  not  mistaken  in  saying  they  were  32,250  horse-power 
boiler?  in  one  row  on  each  side  of  the  centre.  Within  15  seconds 
the  inspector  blew  the  whistle  to  notify  them  that  the  chimney 
was  smoking.  There  Avas  simply  a  trace  of  smoke  coming  out. 
The  foreman  came  and  raised  an  awful  row  among  the  Hungarian 
firemen.  He  did  not  know  we  were  there  experimenting  with  the 
boilers.  Within  another  half  minute  that  smoke  had  ceased 
because  they  simply  closed  the  door  and  allowed  the  apparatus  to 
operate.  It  is  an  automatic  apparatus  wdiich  operates  through 
pneumatic  pressure  in  a  chamber  on  the  furnace  door  and  the 
quantity  of  steam  admitted  through  a  peculiar  nozzle  right  above 
the  furnace  door  produced  perfect  combustion  so  that  smoke  was 
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not  ])r()(lncc(l.  In  tlio  City  Hall  at  Vienna  lliov  liavo  exactly 
the  same  a])paratus,  and  in  tlie  famous  ()})era  llonse  and  Court 
Theatre  in  ^M(Mlna  as  well.  A'^ever  does  the  slightest  trace  of 
smoke  issue  from  any  of  these  buildings.  We  cannot  here  realize 
Avhat  filthy  coal  is  used  there.  They  also  use  this  a])])aratus  on 
locomotive  engines,  and  thus  stopped  the  production  of  smoke  there 
to  a  great  extent.  I  must  say  one  thing — they  fire  very  fre- 
quently. Because  with  this  poor  coal  this  is  one  of  the  essentials. 
'J'hey  fire  almost  by  the  clock,  feeding  regular  numbers  of  shovel- 
fuls. Otherwise  the  thing  is  automatic.  There  is  no  difficulty 
at  all  there  in  preventing  smoke  production. 

Mr.  Bates. — I  would  like  to  have  Mr.  Ilenning  tell  us  perhaps 
a  little  more  explicitly  what  he  means  when  he  says  there  is  no 
smoke.  Is  there  any  color  at  all  of  the  gases  that  escape  from  the 
top  of  the  chimney? 

Mr.  Ilenning. — There  is  absolutely  no  color. 

Mr.  Bates. — Xothing  to  see  ? 

Mr.  Ilenning. — Absolutely  nothing  until  they  open  the  door  to 
fire,  when  for  an  instant,  you  will  see  a  little  color — not  smoke, 
a  yellow  coloration,  the  beginning  of  the  smoke  and  as  they  have 
to  throw  in  so  many  shovels  of  coal,  two  men  do  it,  one  opens  the 
door  and  the  other  throws  in  the  coal.  There  is  no  smoke  pro- 
duced. Before  the  cold  air  has  a  chance  to  prevent  complete  com- 
bustion, the  furnace  is  again  closed.  It  has  been  in  use  now  since 
1895  in  the  City  Hall  and  for  several  years  before  that  in  other 
places;  but  its  latest  development  at  the  electric  station  was  ab- 
solutely perfect.     It  is  the  Langer  system  of  smoke  prevention. 

Mr.  H.  de  B.  Parsons. — (Contributed  after  the  meeting.)  In 
order  that  a  fuel  may  be  burned  so  as  to  produce  little  or  no  smoke, 
it  is  necessary  that  three  requisites  be  fulfilled : 

1.  An  excess  of  air  must  pass  through  the  furnace; 

2.  A  high  temperature  must  be  present ;  and 

3.  The  constituent  particles  of  the  fuel  must  be  thoroughly 
mixed  with  the  incoming  oxygen  before  the  temperature  has  been 
reduced  below  that  necessary  for  chemical  union. 

The  object  sought  should  be  smoke  prevention,  and  not  smoke 
consumption. 

The  loss  of  heat,  due  to  the  lack  of  combustion  of  such  constitu- 
ents as  form  smoke,  is  small,  probably  not  exceeding  2  per  cent. 

In  practice,  therefore,  there  is  little  direct  economy  gained  by 
a  "  smokeless  ''  fire.     On  the  other  hand,   smoke  generation  is 
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most  1r('([U('nllv  a  siiiii  <»t'  iiiiiu'i'j'cct  cnniltiistioii,  ami  an  evidence 
that  other  h)sses  than  simjtlv  smoke  uciiei'alinn  m-c  lakiuLi-  place. 
An  effort,  tlien,  to  prevent  smoke  will  resnlt  in  economy,  »lne  to 
ohangiul  eon(liti<tns  in  the  furnace.  Ii  i>  to  this  canse,  ;in<l  not  to 
'•  snioko  c()iisnni])tion,"  that  the  so-calh'd  smoke  consnmeis  may, 
and  soniotinios  do,  show  im))roved  results. 

'Hie  steam  boiler  is  ])ur])osely  desioned  t(»  ahsorh  the  iieat  of 
the  tins  and  is  intended  t<>  let  only  so  mneli  os(*a])e  as  may  bo 
necessary  for  draft  croati(ni.  This  condition  cools  the  products  of 
combustion  often  below  that  necessary  for  tlio  union  of  oxygon 
with  carbon  or  hydrogen.  Unless,  therefore,  the  union  has  taken 
])hico  before  the  particles  are  properly  mixed  and  drawn  against 
the  cooling  surfaces,  under  the  swift  action  of  a  fierce  draft,  im- 
perfect combustion  will  result. 

As  the  greatest  heat  is  generated  by  perfect  combnstion,  tlio 
fuel  should  bo  completely  burned  before  the  prodncts  pass  to  the 
boiler  surfaces.  The  plans  should  so  arrange  the  furnace  and  the 
boiler,  that  each  may  meet  its  own  conditions,  which  are  contrary 
and  opposed  to  one  another. 

The  sim]dest  arrangement  would  be  to  separate  the  furnace  in  a 
fire-bricked  chamber,  large  enough  to  effect  complete  union,  and 
then  pass  the  hot  products  to  the  boiler.  Whenever  this  plan  has 
been  properly  carried  out,  the  result  has  ahvays  been  satisfactory. 
It  has  incidental  advantages,  such  as  the  prevention  of  cold  air 
striking  the  Jiot  boiler  plates  during  periods  of  firing,  as  well  as 
fuel  economy  and  smoke  prevention. 

Xo.  148. 

Has  any  term  ever  been  suggested  to  discriminate  between  the  elastic  resistance 
offered  by  a  body  to  a  force  tending  to  change  its  shape  and  that  offered  by  the 
same  body  to  a  force  tending  to  change  its  volume  ?  How  much  of  the  latter 
kind  of  elasticity  has  India  rubber? 

Mr.  F.  J.  Miller. — In  regard  to  Topical  Question  'Ro.  148,  I 
assume  that  what  is  meant  by  the  term  "  elastic  resistance,"  is 
resistance  to  compression  or  change  of  form  or  volume  within 
the  elastic  limit  of  the  substance.  I  do  not  know  whether  we 
have  a  term  which  discriminates  between  that  kind  of  elasticity 
which  permits  a  body  to  change  its  form  and  return  to  it  again, 
and  that  which  permits  it  to  change  its  bulk  and  return  to  it  again, 
but  that  we  should  recognize  the  difference  between  the  two  things 
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in  practice  was  strongly  impressed  upon  my  mind  by  some  ex- 
perience I  had  in  luy  earlier  days  of  working  with  machinery, 
when,  liaving  repair  work  to  do  in  a  large  manufacturing  estab- 
lishment, I  noticed  that  the  steel  neck  or  gudgeon  of  a  feed  roller 
in  a  woodworking  machine  was  very  frequently  broken  off,  which 
necessitated  boring  out  the  inserted  part  and  fitting  a  new  pin. 
This  breakage  occurred  so  often  that  I  finally  concluded  to  make 
a  further  investigation,  and  then  found  that  the  roller  was  pressed 
to  the  lumber  by  a  spring,  which  spring  was  a  piece  of  rubber, 
similar  to  that  used  for  car  springs;  it  was  cylindrical  in  shape 
and  inclosed  in  a  solid  iron  shell,  within  which  the  rubber 
fitted  closely,  preventing  its  lateral  expansion  when  compressed 
endwise. 

Prevented  thus  from  expanding  laterally,  it  was  in  reality 
about  as  solid  and  unyielding  as  a  block  of  oak  wood  would  have 
been,  and  was  therefore  really  no  spring  at  all;  the  natural  result 
was  that  a  board  a  little  thicker  than  the  usual  one  would  invari- 
ably break  off  the  neck  of  the  roll.  This  rubber  was  replaced 
by  a  helical  wire  spring,  and  there  was  then  no  further  trouble. 

]^ow  it  is  evident  that  if  there  had  been  a  close-fitting  piston 
in  this  iron  shell,  with  air  confined  above  it,  this  air,  by  reason  of 
its  elasticity,  would  have  allowed  the  piston  to  rise  upon  occasion, 
and  the  roll  with  it,  thereby  preventing  the  breakage.  In  other 
words,  the  elasticity  possessed  by  air  allows  it  to  change  its  vol- 
ume, while  that  possessed  by  rubber  seems  to  allow  it  to  change 
its  form  only;  or,  at  least  it  seems  to  possess  very  little  of  what 
might  be  called  elastic  compressibility. 

Inventing  a  term  to  distinguish  between  these  different  kinds 
of  elasticity  might  be  the  appropriate  work  of  a  philologist  rather 
than  of  an  engineer,  but  we  commonly  refer  to  both  rubber  and 
air  as  being  highly  elastic.  That  there  is  an  important  difference 
in  the  way  they  manifest  their  elasticity  seems  evident,  and  it 
might  tend  toward  greater  clearness  in  our  treatment  of  mechani- 
cal subjects  if  we  had  a  term  or  terms  which  would  distinguish 
between  the  two  manifestations  or  properties. 

The  mathematicians  have  gone  into  the  questions  of  elasticity 
and  elastic  resistance  very  thoroughly,  and  as  I  remember  it  from 
my  school  days  it  requires  for  complete  discussion  partial  dif- 
ferential equations  and  other  mathematical  expressions  that  would 
be  worse  than  any  that  have  ever  been  presented  to  the  Society. 

Briefly,  however,  I  may  note  that  two  kinds  of  elasticity  are 
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frequently  referred  to.  First,  the  elasticity  of  voliinic  (jr  tlie 
elian^e  of  vohinie  for  a  Innly  subjceted  to  uniform  ])ressuro  over 
the  whole  surfaee.  This  is  the  only  kind  of  elasticity  possessed  by 
liquids  or  gases.  India  rubber  is  in  respect  to  this  kind  of  (das- 
ticity  in  nuudi  the  same  class  as  steel  or  wood  or  water. 

The  other  form  of  elasticity  is  also  known  as  ri<ridity  an<l  is  the 
resistance  to  shearinii:.  If  we  consider  an  elementary  cube  or 
square  of  a  body  that  is  to  be  sul)jected  to  shear,  then  the  sides 
of  this  cube  or  square  will  under  shear  be  shifted  sideways  so  that 
the  s(|nare  becomes  a  rhondius  or  paralleloirram,  and  the  amount 
of  this  shifting  is  used  as  a  measure  of  the  elasticity. 

What  is  commonly  referred  to  as  elasticity  is,  of  course,  a  com- 
posite of  both  expansion  and  contraction.  Thus  when  a  piece  of 
India  rubber  is  pulled  it  expands  lengthways  and  contracts  side- 
ways, or  if  it  is  compressed  sideways  it  will  expand  lengthways. 
The  resulting  stress  acting  on  any  small  portion  of  the  piece  is 
quite  complicated  and  is  apt  to  be  in  the  nature  of  a  shear.  This 
is  shown  by  the  familiar  fact  that  when  test  pieces  are  broken  in 
compression  the  line  of  fracture  is  apt  to  be  at  45  degrees  to  the 
axis,  while  when  broken  in  tension  the  cup-like  fracture  that  often 
occurs  shows  that  the  force  acting  at  any  particular  point  of  the 
test  piece  is  not  necessarily  simple  tension. 

The  term  '^  Young's  modulus  ''  is  frequently  used  to  refer  to  the 
elasticity  of  a  body  in  a  longitudinal  direction  that  is  free  to 
expand  or  contract  laterally.  This  would  be  the  kind  of  elasticity 
possessed  by  India  rubber,  or  by  a  helical  spring. 

Another  point  in  which  scientific  and  vulgar  usage  differ  is  in 
respect  to  the  measure  of  elasticity.  The  measure  of  elasticity  is, 
in  most  treatises  on  the  subject,  taken  as  the  force  required  to 
produce  a  given  change  of  volume  or  a  given  extension,  so  that 
water  or  steel,  which  require  a  large  force,  have  a  high  coefficient 
of  elasticity,  while  India  rubber  or  air  are  very  easily  compressed, 
and  possess  a  small  coefficient  of  elasticity.  In  other  words,  a  body 
with  a  small  coefficient  of  elasticity  is  vulgarly  referred  to  as  being 
very  elastic  while  if  the  coefficient  is  large  the  common  expression 
would  be  that  the  body  was  inelastic. 

If  a  body  is  homogeneous  and  has  the  same  qualities  in  all  direc- 
tions, then  it  will  have  the  two  kinds  of  elasticity  referred  to  above, 
besides  the  '^  Young's  modulus,''  which  is  a  composite  of  the  two. 
If,  however,  a  body  though  homogeneous  has  not  got  the^same 
qualities  in  all  directions,  as,  for  instance,  a  crystal  or  a  piece  of 
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wood,  tliere  will  be  found  instead  of  two  kinds  of  elasticity  (volume 
and  shearing)  twenty-one  kinds. 

Prof.  Albert  K'nujHhury. — It  has  been  shown  by  Prof.  J.  B. 
Johnson  ('^  Materials  of  Construction/'  page  G)  that  rubber  is 
})robably  less  susceptible  to  change  of  volume  under  pressure 
than  any  other  known  substance.  His  argument  is  based  up- 
on the  fact  that  rubber  does  not  appreciably  change  its  volume 
under  simple  tension  or  simple  compression  Poisson's  ratio 
being  very  nearly  one-half  for  that  material,  while  all  other 
substances  increase  in  volume  under  tension  and  decrease 
under  compression.  It  would  thus  appear  that  the  principal 
elasticity  in  the  device  described  in  the  topical  question  was  that 
of  the  tube  in  which  the  rubber  was  confined,  the  tube  being  sub- 
jected to  internal  pressure;  and  hence  the  resilience  was  very 
slight. 

Mr.  Suplee. — Professor  Kingsbury's  remarks  lead  me  to  men- 
tion a  boiler  tube  expander  which  I  saw  many  years  ago  in  Phila- 
delphia, built  on  that  very  principle. 

This  expander  was  made  of  a  piece  of  rubber,  much  like  a 
rubber  car  spring,  with  a  hole  through  its  axis,  and.  a  differential 
screw  running  through  it  so  that  it  could  be  subjected  to  a  very 
powerful  axial  compression.  The  rubber,  being  practically  incom- 
pressible, expanded  radially  as  the  screw  was  tightened,  and  when 
inserted  into  a  boiler  tube  it  expanded  the  tube  out  into  the  tube 
sheet  as  effectively  as  any  roller  expander.  The  advice  acted  prac- 
tically^ like  a  hydraulic  press,  in  which  the  rubber  took  the  place 
of  the  liquid,  with  the  convenience  that  no  provision  was  neces- 
sary against  leakage. 

Mr.  Frayicis  H.  Richards. — I  would  like,  incidentally  to  call 
attention  to  one  or  two  points  about  the  behavior  of  rubber.  It 
is  very  difficult  to  get  pure  rubber  which  is  entirely  free  of  air  or 
gases.  Recently  I  had  occasion  to  examine  some  specimens  under 
a  power  of  50  to  100  diameters,  and  I  found  that  rubber  that 
had  been  absolutely  untreated — not  vulcanized  at  all — had  a  great 
many  bubbles  or  air  spaces.  Most  of  these  were  very  small ;  many 
were  not  more  than  a  1,000th  of  an  inch  in  diameter.  Of  course 
there  must  be  a  great  difference  in  the  physical  behavior  under 
mechanical  treatment  of  pure  rubber  and  of  vulcanized  rubber,  or 
of  acid-cured  rubber  (which  is  practically  a  different  product). 
These  spaces  may  account  for  the  slight  variation  in  volume  that 
rubber  is  sometimes  supposed  to  have  when  treated  as  a  fluid  under 
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liiii'li  pressures.  A  lariic  nunibcr  of  sjx'cimciis  wcm'c  cxiuiiiiKMl, 
and  tli(>se  small  air  bubbles  wore  found  in  all  tiic  samples  inspected. 

Mr.  Giis  (\  llnuiiiKj. — The  elastic  I'esistance  wliidi  a  Itody 
offers  to  forces  tendini»"  either  to  change  their  sha])e  or  their  volume 
is  identically  the  same  in  kind. 

J^^t  us  assume  that  a  block  of  material  be  sul)jected  simul- 
taneously to  an  end  thrust  and  bending  force.  The  former  will 
innnediately  be  converted  more  or  less  into  the  latter,  ami  will 
act  upon  the  material  in  a  nearly  identical  manner  with  it.  The 
resistance  offered  to  these  two  forces  will  therefore  be  the  same. 
This  is  caused  by  the  shifting  of  the  neutral  axis  of  the  material 
with  relation  to  the  axes  of  the  forces  applied.  A  thrust  or  erush- 
ini>-  force  resolves  itself  into  bendinc;  forces  immediatelv  the  axes 
of  force  and  resistance  do  not  coincide  mathematically. 

The  above  conditions  obtain  only  when  the  material  is  free  to 
move  in  one  or  more  directions. 

Let  us  now  assume  that  this  same  piece  of  material,  a  cube,  or, 
better  still,  a  sphere  be  subjected  to  forces  on  all  sides,  each  being, 
therefore,  opposed  by  another  of  equal  strength  at  all  points  of 
the  body.  Such  forces  cannot  produce  any  change  of  shape,  ex- 
cept equal  changes  toward  the  centre  of  mass^  thus  producing  a 
smaller  volume,  and  hence  greater  density. 

It  has  never  yet  been  proven  by  actual  test,  that  material  free 
from  voids  can  be  given  a  greater  density  under  pressures  calling 
into  play  elastic  resistance  only. 

Those  conversant  with  testing  materials  must  agree  with  the 
statements  in  the  following  paragraph  from  Alarten's  ''  Hand- 
book of  Testing  Materials,"  paragraph  25,  ])age  IT:,  viz. : 

^'25.  A  property  of  solid  materials,  which  is  of  exceedingly  great 
importance  to  the  technologist,  and  for  the  f uriher  elucidations  in 
this  work,  and  which  is  also  possessed  by  liquids,  is  that  by  which 
they  change  tJisir  volume  hy  only  an  infinitely  small  amount  when 
siibjected  to  external  universal  'pressure^  provided  they  have  a 
degree  of  density =1,  i.e. ;  when  they  are  free  from  internal  voids; 
under  these  conditions  they  do  not  undergo  a  change  of  shape,  so 
long  as  their  internal  structure  does  not  provide  resistances  dif- 
ferent in  different  directions.  This  important  property  makes 
possible,  e.g.  the  phenomenon  that  even  very  elastic  bodies  such  as 
rubber  behave  as  though  inelastic  when  they  are  surrounded  by 
rigid  surfaces,  or  are  acted  upon  on  all  sides  by  forces  tending  to 
change  their  shape." 
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From  this  it  will  be  seen  that  there  is  but  "  one  kind  of  elasticity 
in  materials/'  and  that  India  rubber  has  practically  none  of  the 
assumed  second  kind,  even  if  it  existed. 


1^0.  149. 
What  has  been  your  experience  with  oil  burners  ? 

Mr.  W.  J.  Wilcox. — The  Southern  California  division  of  the 
Santa  Fe  Railroad  burn,  on  all  their  locomotives,  crude  oil  which 
has  an  asphaltum  base  and  costs  $1  per  barrel.  It  is  received  in 
large  storage  tanks  from  pipe  lines  and  tank  wagons,  from  which 
tanks  it  is  pumped  into  local  tanks  near  the  track,  whence  it  runs 
by  gravity  to  a  stand  pipe,  and  is  delivered  to  the  engine. 

The  engine  tanks  are  built  with  round  corners  on  top  and  no 
coal  space  in  front,  the  oil  tanks  being  built  in  the  water  tanks, 
and  holding  about  7  tons  of  oil.  They  are  supplied  with  steam 
coils  for  heating  the  oil  to  make  it  flow  freely  in  cold  weather, 
and  are  also  connected  with  the  air  reservoir  with  pipes,  check 
valves,  and  gauge  and  pop  safety  valve,  where  a  pressure  of  3 
to  4  pounds  is  sometimes  used  to  get  a  free  flow  of  oil.  The  oil 
is  taken  from  the  tanks  by  means  of  a  hose  connection  between 
engine  and  tender,  the  oil  valves  on  the  tender  being  connected 
with  the  engine  by  an  automatic  device  w^hich  closes  them  in  case 
the  engine  and  tender  part.  The  oil  after  it  leaves  the  tank  flows 
to  a  hot  box,  as  it  is  called,  under  the  engine  deck,  where  it  is 
heated  by  steam.  The  flow  of  oil  from  this  heater  is  regulated 
by  a  stopcock  manipulated  by  a  rod  running  up  through  the  deck 
to  a  brace  about  level  Avith  the  throttle  lever.  The  upper  end  of 
the  rod  is  provided  with  an  arm  or  handle,  which  runs  around  an 
arc  or  quadrant  having  teeth  milled  into  it  to  hold  the  dog  on  the 
handle,  which  is  operated  by  the  fireman  to  regulate  the  flow  of 
oil  to  the  burner. 

The  burner,  a  patented  affair,  is  called  the  Booth  burner.  It 
is  about  12  inches  long  and  4  inches  wide,  and  made  of  brass,  hav- 
ing two  passages  cored  in  it,  one  for  oil  and  one  for  steam,  both  of 
which  enter  at  the  back  end.  The  front  end  has  two  openings, 
one  for  oil,  3  inches  long  and  -J  inch  wide,  and  one  for  steam  3|^ 
inches  long  by  ^^  inch  wide,  the  steam  opening  being  below,  so 
that  the  steam  carries  the  oil  with  it  when  the  burner  is  operated. 
A  globe  valve  within  easy  reach  of  the  fireman  regulates  the  atom- 
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izcr,  so  called  because  it  atomizes  the  oil  in  tlie  fire  box.  The 
burner  is  placed  under  the  mud  ring  at  the  back  of  the  ash  pan, 
which  is  partitioned  with  a  false  circular  bottom  riveted  to  the 
upper  part  of  the  sides,  and  dropping  enough  in  the  middle  to  take 
the  burner.  This  partition,  which  is  cast  iron,  is  provided  with 
three  holes  about  8  by  12  inches  and  8  inches  a])art,  through  which 
the  air  enters  the  pan  through  dampers  at  the  front  and  back 
below  the  partition,  and  passes  up  into  the  fire  box,  which  has  no 
grates.  The  pan  and  fire  box  are  lined  with  fire-brick  as  high  as 
the  flues  on  the  sides,  front  and  back,  and  the  brick  arch  extends 
from  the  front  wall  about  one-third  the  length  of  the  fire  box;  it 
has  no  opening  in  front  or  through  it.  The  combustion  takes 
place  below  the  arch,  and  the  flame  passes  around  the  arch  and 
then  to  the  flues.  The  fire  door  has  a  hole  through  its  centre  cov- 
ered with  a  slide,  through  which  the  fireman  cleans  the  flues  when 
thej  become  clogged  with  soot,  with  sand  handled  from  a  big- 
mouthed  funnel  having  a  spout  at  its  bottom.  The  spout  is  placed 
in  the  hole  in  the  door,  and  the  sand  is  drawn  into  the  flues  by  the 
exhaust. 

The  front-end  arrangement  is  provided  with  a  medium-height 
nozzle  just  below  the  centre  of  the  boiler,  over  which  is  a  con- 
veyor petticoat  pipe,  netting  and  diaphragm  plates  being  dis- 
pensed with.  The  same  sized  nozzle  tips  are  used  as  with  coal- 
burning  engines.  The  best  results  are  obtained  when  you  can 
just  see  the  least  color  of  the  smoke  issuing  from  the  stack.  The 
fireman  shuts  off  when  the  engineer  does,  or  he  has  black  smoke, 
and  regulates  his  fire  with  the  draft  of  the  engine  by  the  quantity 
of  oil  feed,  the  atomizer,  and  blower. 

The  heat  from  the  oil  is  very  intense,  which  makes  it  necessary 
to  line  the  fire  box,  as  above  stated.  If  the  steam  pipes  or  boiler 
do  not  leak  there  is  no  trouble  in  keeping  up  steam,  unless  there 
is  something  else  radically  wrong  with  the  engine,  and  the  fire- 
man's job  is  an  easier  one  than  the  engineer's. 

The  engines  average  about  30  miles  on  freight  and  55  miles 
on  passenger  service  to  one  ton  of  oil,  some  having  made  more 
than  100  miles  and  some  less  than  25  miles  in  different  service. 
The  oil  is  measured  in  pounds,  8  pounds  to  the  gallon,  and  42 
gallons  to  the  barrel,  which  would  be  about  six  barrels  to  the  ton, 
so  the  cost  of  one  ton  of  fuel  oil  would  be  $6. 

Measurement  is  made  in  the  tanks  by  means  of  steel  gauges,  the 
amounts  in  the  tank  before  and  after  taking,  and  the  difference 
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boini^  charG;ed  to  the  engines  first  in  inches,  and,  after  calculating 
in  the  office,  in  pounds,  each  inch  representing  so  many  pounds. 

il/r.  Waller  S.  Arnold. — The  burner  which  has  proved  most  satis- 
factory, to  my  knowledge,  is  one  which  has  been  tested  in  this  sec- 
tion, invented  by  Ernest  M.  Arnold,  of  Putnam,  Conn. 

The  essential  requisites  of  an  oil  burner  using  fuel  oil  in  steam 
plants  would  seem  to  be  these : 

1 .  The  complete  atomizing  of  the  oil. 

2.  The  complete  combustion  of  the  oil  before  the  flame  enters 
the  tubes  of  the  boiler  as  thus  soot  is  prevented  from  collecting  in 
the  tube. 

3.  The  use  of  a  jet  of  steam  at  boiler  pressure  in  atomizing  the 
oil  as  the  steam  (which,  on  entering  the  furnace,  is  decomposed 
into  oxygen  and  hydrogen  and  thus  is  an  aid  to  combustion),  has 
the  effect  of  preventing  checking  of  the  boiler  surface  which  has 
been  observed  in  many  cases  where  oil  is  used  without  steam. 

4.  An  arrangement  of  the  parts  of  the  burner  so  as  to  utilize 
hot  air  from  the  furnace  in  heating  the  oil  before  it  leaves  the 
burner  as  it  has  been  found  to  atomize  in  a  much  better  degree 
when  heated. 

5.  The  arrangement  of  the  parts  of  the  burner  so  that  in  case 
of  foreign  substances  entering  in  the  oil,  it  can  be  cleaned  while 
in  operation. 

There  are  a  great  many  kinds  of  burners  on  the  market  for  using 
fuel  oil,  but  the  one  I  have  referred  to  above  is  the  only  one  that 
I  know  of  that  in  actual  practice  has  met  these  requirements. 

Prof.  Arthur  L.  WilUston. — For  a  number  of  years  oil  burners 
were  used  at  the  Pratt  Institute,  and  liquid  fuel  was  used  exclu- 
sively under  our  boilers  for  power,  light  and  heat.  Our  exper- 
ience, therefore,  may  be  of  some  interest  to  the  Society.  The 
Reed  burner  was  the  one  which  was  principally  used  and  it  w^as 
found  very  satisfactory. 

Figure  91  shows  the  sectional  view  of  this  burner  and  the 
method  of  its  operation.  The  oil  is  admitted  through  the  small 
f -inch  pipe  in  the  centre,  and  the  steam  which  is  used  to  atomize 
the  oil  is  admitted  through  the  annular  chamber  marked  A.  The 
size  of  the  opening  through  which  the  steam  passes  may  be  varied 
by  turning  the  sleeve  B  either  to  the  right  or  to  the  left,  and  thus 
moving  the  outer  casing  C  backward  or  forward.  The  stuffing-box 
D  is  needed  to  prevent  the  steam  from  leaking  at  the  back  end  of 
the  burner.     A  limited  quantity  of  air  is  admitted  through  the 
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cciilrc  of  the  burner,  as  indieated  at  E,  and  this  air  has  a  good 
()I)j)()rtiiiiity  to  become  thorouglily  mixed  with  the  steam  and  with 
the  oil  as  it  is  forced  into  the  furnace. 

Tlie  i'\\\vi  virtue  of  this  burner  is  tliat  it  thoroughly  atomizes 
the  oil.  Our  ex})erieiK'e  witli  this  and  other  burners  showed  that 
any  burner  which  will  atomize  the  oil  will  give  good  results  pro- 
vided the  furnace  is  pro])erly  constructed.  The  most  important 
thing  is  the  furnace.  With  a  good  furnace  almost  any  burner 
will  do,  and  without  a  properly  designed  furnace  I  do  not  believe 
it  is  possible  for  any  burner  to  satisfactorily  burn  oil  in  quantity. 
The  time  required  for  complete  combustion  is  so  great  that  it  is 
necessary  to  have  a  very  considerable  volume  to  the  flame,  and  it 
is  practically  impossible  to  atomize  the  oil  so  perfectly,  and  to 
mix  all  parts  of  the  atomized  jet  with  the  right  quantity  of  air  so 
exactly  as  to  have  instant  and  perfect  combustion  throughout  the 
entire  mass.  This  condition  is  theoretically  possible  and  may  be 
very  nearly  attained  in  the  small  flame  of  a  hand-blow  pipe,  but 
with  the  large  burners  that  are  necessary  where  oil  is  to  be  used 
as  a  fuel  under  boilers  it  is  impossible;  and  no  burner  has  ever 
been  constructed  that  will  accomplish  that  result. 

It  is  necessary,  therefore,  where  oil  is  to  be  used  as  a  fuel,  to 
construct  a  furnace  of  sufficient  size  to  allow  time  for  the  complete 
combustion  of  the  atomized  oil  before  it  leaves  the  furnace.  It 
should  also  have  provision  for  admitting  the  air  needed  for  perfect 
combustion  at  different  points,  and  should  be  so  designed  as  to 
maintain  in  all  parts  a  very  high  temperature. 

The  construction  of  the  furnaces  which  we  used  at  the  Pratt 
Institute  for  a  period  of  seven  or  eight  years  is  sho^vn  in  Figs. 
92-94.*  The  oil  is  admitted  through  the  two  burners  A  and  A^, 
which  are  placed  in  holes  drilled  through  the  fire  door.  These 
burners  are  set  so  as  to  direct  the  flame  against  the  fire  brick  in- 
cline B.  A  limited  amount  of  air  is  admitted  with  the  steam  and 
oil  through  the  burners,  but  additional  air  is  supplied  to  each 
burner  through  the  four  openings  marked  C.  As  the  flame  passes 
over  the  bridge  wall  more  air  is  admitted  to  it  through  the  long, 
narrow  opening  marked  D.  And  all  along  the  bottom  of  the 
chamber  between  the  bridge  wall  and  the  rear  of  the  furnace 
setting  there  are  a  large  number  of  very  small  openings  through 
which  additional  air  may  be  admitted  to  the  flame  as  it  is  needed 

*  Credit  should  be  given  to  Mr.  Joseph  Foster,  chief  engineer  Pratt  Institute, 
for  the  design  of  the  furnaces  described  above. 
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for  perfect  combustion.  All  of  these  different  sets  of  air  openings 
are  furnished  with  dampers  which  may  be  nicely  adjusted  so  as 
to  admit  just  the  right  quantity  of  air  that  is  needed  in  each  part 
of  the  furnace. 

Mica  peepholes  were  provided  in  different  parts  of  the  setting 
through  which  the  fireman  could  watch  the  flame  in  all  parts  of 
the  furnace,  and  with  very  little  practice  he  was  able  to  adjust  the 
air  supply  as  he  varied  the  quantity  of  oil  burned,  so  as  to  get  per- 
fect combustion  Avith  almost  no  excess  of  air.  Under  these  condi- 
tions the  whole  setting  would  warm  up  to  uniform  temperature 
and  the  entire  furnace,  including  the  walls  of  the  mixing  chamber 
at  the  rear  of  the  boiler,  would  become  perfectly  transparent  and 
very  bright  red  in  color.  A  very  slight  change  in  the  air  supply 
above  or  below  the. proper  amount  would,  however,  disturb  this 
transparency  so  that  the  fireman  had  no  difficulty  in  nicely  regulat- 
ing the  combustion. 

With  the  dampers  rightly  adjusted,  the  products  of  combustion 
were  entirely  free  from  color  and  odor,  and  running  the  plant 
continuously  from  September  until  June,  the  flues  would  be  found 
each  June  as  clear  as  they  were  when  we  started  up  in  September. 
After  the  setting  was  uniformly  heated  it  would  maintain  its 
temperature  for  a  long  tinae.  At  night  we  would  turn  off  the  oil 
about  thirty  minutes  before  we  wanted  to  shut  down,  at  the  time 
the  plant  was  carrying  its  heaviest  load,  and  the  heat  given  off  by 
the  setting  was  sufficient  to  do  the  required  work  with  no  per- 
ceptible falling  off  in  boiler  pressure.  And  if  we  shut  down  at 
night  with  90  pounds  pressure  we  would  find  70  to  75  pounds 
still  on  the  boilers  the  next  morning.  The  boilers  were  thus  freed 
from  the  changes  in  temperature  that  the  ordinary  hand-fired 
boiler  is  subjected  to.  This,  of  course,  is  favorable  to  the  life  of 
the  boilers,  and  during  the  entire  time  that  w^e  used  oil  as  a  fuel — 
a  period  of  nearly  eight  years — not  five  cents  was  spent  on  any  of 
the  boilers  for  repairs. 

Referring  again  to  Fig.  92,  it  will  be  noticed  that  all  of  the  air 
that  enters  the  furnace  has  to  pass  first  through  long,  narrow  pas- 
sages of  heated  fire-brick  or  tile.  This,  of  course,  helps  to  main- 
tain the  uniform  high  temperature  necessary  for  perfect  combus- 
tion. The  passages  that  lead  to  the  openings  C  are  made  by  leav- 
ing spaces  between  the  fire  brick  which  are  laid  in  the  space  that 
w^ould  ordinarily  be  used  for  the  ash  pit.  This  brick,  after  the 
fire  has  been  started,  becomes  very  hot  and  as  the  openings  are 


T()1M(\U.    DISCTSSIOXS    AND    NOTKS    OF    KX  TKUI KNCK.  337 

siiuill  and  tlio  ])assagcs  of  air  correspondingly  slow,  the  air  lias 
a  chance  to  be  well  heated  before  it  reaches  the  flame  at  the  bur- 
ners. The  two  passages  that  lead  to  tlic  opening  in  tlic  hi'idi^c  wall 
D  are  made  of  I)-shaped  tile,  marked  E  in  Fig.  1)3,  which  project 
n])ward  into  the  furnace  so  as  to  expose  as  much  surface  as  ])f)ssible 
to  the  flame.  The  large  nund>er  of  small  o])enings  in  the  sj)ace 
between  the  bridge  wall  and  the  rear  of  the  setting  are  made  bv 
making  a  small  V-shaped  nick  in  each  brick,  thus  connecting  the 
furnace  with  the  hollow  passages  below%  marked  F  in  the  figure, 
which  lead  to  the  rear  of  the  setting  where  the  controlling  dampers 
are  placed. 

The  oil  is  passed  through  the  heater  F,  ^vhere  it  comes  in  con- 
tact with  a  steam  coil  and  is  heated  to  a  temperature  of  about 
180  degrees  Fahrenheit,  before  it  flows  to  the  burners  in  order  to 
have  it  vaporize  more  readily  Avhere  it  is  atomized. 

From  this  description  I  think  it  will  be  clear  that  the  furnace 
had  far  more  to  do  with  the  successful  burning  of  the  oil  than  the 
burner  had. 

In  connection  with  the  burning  of  oil  as  a  fuel,  I  would  like  to 
add  that  there  are  very  few  conditions  to-day,  with  oil  at  its  present 
price,  where  it  can  be  burned  as  cheaply  as  coal  when  all  things 
are  taken  into  consideration,  especially  in  property  wdiicli  has  to  be 
insured. 

For  a  short  time  during  the  present  coal  strike  we  were  again 
burning  oil  at  Pratt  Institute,  and  a  great  many  persons  came  to 
us  to  find  out  how  we  were  burning  it.  They  w^anted  to  do  the  same 
thing.  In  every  instance  ^ve  asked  them  if  they  had  considered 
the  insurance  question  and  advised  them  to  find  out  from  their 
insurance  agent  wdiat  increase  in  insurance  they  would  have  to 
pay  if  they  Avere  to  burn  oil.  If  they  decided  they  wished  to  pay 
the  increased  insurance,  and  still  wanted  to  burn  oil  instead  of  coal, 
we  told  them  that  w^e  ^vould  be  very  glad  to  give  them  full  informa- 
tion and  show  them  just  how  to  do  it.  Xobody  ever  came  back  for 
further  information.  That  seemed  to  me  to  answer  the  question 
as  to  whether  oil  could  be  used  to  advantage  under  ordinary  cir- 
cumstances in  this  vicinity. 

There  is  one  place,  however,  where  it  seems  to  me  oil  may  be  used 
to  a  very  great  advantage,  and  that  is  in  connection  with  the  pre- 
vention or  consumption  of  smoke.  It  requires  but  a  small  quan- 
tity of  oil  to  create  and  maintain  in  a  furnace  burning  coal  a  local 
temperature  sufficiently  high  to  make  any  smoke  out  of  the  ques- 
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tion,  if  the  oil  burners  and  the  furnace  are  so  arranged  that  all  the 
])roducts  of  combustion  from  the  coal  will  have  to  pass  this  point 
of  local  high  temperature.  The  ordinary  method  of  burning 
bituminous  coal  with  a  minimum  amount  of  smoke  consists  of 
always  kee])ing  a  part  of  the  iire  bright,  so  that  the  smoke  and 
liydrocarbons  given  off  by  the  part  of  the  iire  on  which  fresh  coal 
has  been  thrown  will  be  consumed  as  they  pass  over  this  bright 
part.  The  difficulty  is  to  get  firemen  or  mechanical  devices  to  do 
this  sufficiently  well. 

My  suggestion  is  to  merely  use  a  jet  of  oil  playing  against  the 
bridge  wall  or  a  fire-brick  arch,  or  the  back  of  the  mixing  chamber 
in  the  rear  of  the  ordinary  boiler  setting,  as  a  means  of  doing  with 
some  degree  of  certainity  what  the  bright  part  of  the  ordinary  fire 
is  supposed  to  do,  but  what,  in  the  hands  of  the  ordinary  fireman 
it  does,  as  everybody  knows,  most  imperfectly. 

Where  smoke  ordinances  are  rigidly  enforced,  it  would  thus  be 
possible  by  using  a  small  percentage  of  liquid  fuel  to  burn  a 
cheaper  grade  of  coal  than  w^ould  be  allowed  if  coal  were  the  only 
fuel  used. 

I  have  just  spoken  about  using  a  small  quantity  of  oil  in  con- 
nection with  a  coal  fire,  in  order  to  insure  the  combustion  of  the 
smoke  from  the  coal.  There  is  no  difficulty  at  all  in  a  properly 
arranged  furnace  in  consuming  oil  perfectly,  provided  the  oil  is 
capable  of  combustion.  The  oil  we  were  using  during  the  strike 
was  a  refuse  oil,  the  same  oil  practically  we  used  years  ago  except- 
ing that  now  the  refiners  extract  from  the  oil  a  great  deal  more 
than  they  used  to,  so  that  the  refuse  is  much  poorer  than  it  was 
formerly.  It  contains  now  a  much  larger  percentage  of  material 
which  is  absolutely  incombustible,  and  as  a  result  we  are  getting, 
not  smoke,  but  a  very  delicate,  fleecy  white  cloud  from  our  chim- 
ney.    It  is  pure  white. 

Mr.  Kent. — What  does  the  incombustible  material  consist  of  ? 

Professor  Will{sto7i. — I  don't  know  exactly. 

2Ir.  Kent. — It  is  not  carbonaceous  ? 

Professor  Williston. — ISlo. 

Mr.  Kent. — ^I  think  Professor  Williston  is  entirely  right  in  say- 
ing it  is  not  a  question  of  the  burner  in  burning  oil;  it  is  a  question 
of  the  furnace.  I  had  a  conversation  recently  with  a  gentleman 
whose  company  had  made  extensive  experiments  in  California  in 
burning  Texas  oil.  He  says  no  one  burner  is  better  than  any 
other,  that  all  the  burners  are  good  when  they  are  treated  properly 
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and  nil  biinicrs  arc  l»:itl  wlicii  tli(\v  :ir(^  not  ])roporly  liandlod.  Any 
kind  of  a  bnrnci*  will  hum  oil  and  hui'ii  it  satisfactorily  and  with- 
out smoke  and  without  any  trouble,  ])rovid(Ml  yon  liavc  this  condi- 
tion, that  yon  oidy  want  to  burn  a  very  small  quantity  of  oil,  but 
as  soon  as  you  want  to  get  up  to  commercial  quantities  of  oil  you 
meet  with  difficulties  which  are  not  at  all  overcome  by  chani2:in_c^ 
the  form  of  the  burner,  but  they  are  overcome  by  buildini;'  the 
furnace  ri^ht  and  handling  it  right.  There  is  no  better  burner, 
I  suppose,  than  that  of  Urquhart  made  in  Russia  twenty  years  ago. 
Most  of  the  others  are  cojhcs  or  modifications  of  it.  There  is  no 
essential  difference  except  the  flat  flame  burner,  one  of  which  was 
invented  in  Peru  ten  or  twelve  years  ago.  That  form  is  also  good. 
The  statement  made  by  Professor  Williston  about  using  an  oil  jet 
to  kill  the  smoke  of  a  coal  fire  is  a  new  idea  on  the  subject  of  smoke 
consunq)tion.  I  hope  he  will  give  us  a  drawing  showing  how  the 
furnace  works  and  give  us  more  of  the  theory.  He  says  if  we  have 
a  properly  designed  furnace  and  a  smoky  fire  from  coal,  that  by 
using  a  jet  of  oil  we  can  stop  the  smoke.  Others  can  stop  the 
smoke  by  using  a  jet  of  steam.  I  will  say  that  with  a  properly 
designed  furnace  and  a  good  fireman  you  can  have  smokeless  com- 
bustion without  either  oil  or  steam. 

Mr.  Fowler. — Speaking  of  the  use  of  oil  in  connection  with  coal, 
Mr.  Holden,  the  Superintendent  of  Motive  Power  of  the  North- 
eastern Railway  of  England,  brought  out  a  furnace  a  number  of 
years  ago,  whereby  the  engines  could  be  fired  by  oil  or  coal  alter- 
nately, using  a  refuse  oil;  but  he  found,  I  believe,  that  when  he  was 
using  coal,  it  was  something  of  an  advantage  to  cut  down  the  oil 
supply  to  a  very  low  amount  and  use  a  very  little  oil  in  the  fur- 
nace in  order  to  assist  in  stopping  the  production  of  smoke,  but 
the  furnace  was  made  so  that  the  fireman  could  fire  coal  up  to  a 
certain  point  and  then  run  on  his  oil  alternate  with  coal  and  oil 
as  he  pleased,  and  it  worked  very  satisfactorily. 

Mr.  John  Piatt. — In  naval  work  it  is  a  great  deal  more  neces- 
sary to  use  air  pressure  for  atomizing  the  oil  than  steam,  from  the 
fact  that  it  is  very  necessary  that  they  waste  as  little  condensed 
water  as  possible,  I  went  into  the  question  some  time  ago  and  one 
of  the  naval  engineers  in  Washington  said  they  could  not  afford 
to  use  steam  for  atomizing  because  it  would  make  away  with  so 
much  more  fresh  water,  than  when  they  made  use  of  air  pressure. 
I  might  add  something  with  regard  to  what  Professor  Williston 
said  in  the  using  of  small  quantities  of  oil  for  preventing  smoke, 
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that  is  to  say,  for  getting  secondary  combustion  in  boilers.  In 
water-tube  boilers  for  torpedo-boat  destroyers  built  in  Germany, 
they  found  they  got  often  very  great  volumes  of  smoke.  They 
built  a  secondary  combustion  chamber  in  the  water-tube  boiler 
by  rearranging  the  bent  tubes  which  they  could  easily  do  and 
then  used  an  oil  jet  in  connection  with  it.  In  this  way,  I  believe, 
they  very  successfully  overcame  the  difficulties  which  they  had 
with  smoke. 

Prof.  Albert  Kingsbury. — In  a  discussion  of  this  question  at  a 
previous  meeting  of  the  Society  (voL  xvii.  of  the  Transactions y 
page  318),  I  called  attention  to  the  fact  that  the  Pennsylvania 
Railroad  had  found  crude  oil  in  every  way  desirable  as  a  fuel  for 
locomotives;  but  they  did  not  adopt  it  because  it  would  require 
about  one-half  the  petroleum  produced  in  the  United  States  at  that 
time  (1885)  to  operate  the  entire  system  of  the  Pennsylvania 
Company. 

Mr.  S.  AsMon  Hand. — This  matter  of  burning  oil  under  steam 
boilers  is  a  very  alluring  one.  Some  time  ago  I  contemplated 
making  a  change  in  our  steam  plant  so  as  to  burn  oil  instead  of 
coal,  and  wanted  to  find  out  about  the  best  apparatus  and  method. 
I  went  to  see  the  Standard  Oil  Company  and  asked  them  what 
was  the  best  burner  to  use.  They  told  me  that  all  the  burners 
on  the  market  were  good. 

On  questioning  them  as  to  the  economy  of  burning  oil  their 
reply  was  rather  an  equivocal  one.  They  said  they  did  not  burn 
oil  themselves  either  under  their  boiler  or  stills.  After  some  close 
questioning  to  try  and  find  why  they  did  not  burn  oil,  they  finally 
admitted  that  it  was  because  coal  was  more  economical. 

Mr.  Suplee. — This  question  of  the  use  of  air  or  steam  brought 
out  I  think  rather  well  in  the  report  of  Lieutenant  Winchell, 
published  in  Admiral  Melville's  annual  report,  and  treating  of  the 
tests  made  on  the  Mariposa.  It  was  found  there  that  the  air  pres- 
sure was  more  economical  and  satisfactory  than  steam.  They  had 
steam  to  use  as  reserve  and  used  it  on  one  or  two  days  and  got  back 
to  the  use  of  air  as  quick  as  they  could.  There  is  a  great  deal  of 
very  valuable  information  in  Admiral  Melville's  report  for  this 
year  on  the  same  subject. 
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ISTo.  150. 

Separating  Oil  from  Exhaust  Steam. 

^fr.  If.  T.  Yarynn. — T  would  liko  to  call  attontion  of  Diem])ors 
to  the  separator  described  on  page  945,  vol.  xxi.,  Transactions  of 
the  American  Society  of  ^lechanical  Engineers,  as  being  all  that 
can  be  desired  in  the  way  of  an  oil  separator.  Having  used  it  for 
twenty  years  to  separate  entrainment  in  vacuum  apparatus,  and 
for  the  past  six  years  as  an  oil  separator  for  exhaust  steam,  I  can 
speak  from  experience,  and  say  that  no  trace  of  oil  remains  in  the 
steam. 

In  construction,  the  rule  should  be  that  the  tube  area  should 
exceed  by  20  per  cent,  the  area  of  exhaust  pipe.  The  separator 
can  be  used  when  working  condensing  by  attaching  a  pump  to  the 
drip,  but  under  these  circumstances  the  tube  area  should  be  double 
the  area  of  exhaust  pipe,  and  a  gauge  glass  should  be  placed  on  the 
drip  pipe  to  make  sure  that  the  pump  does  its  work. 

Mr.  Charles  Ekstrand. — I  have  found,  after  observations  last- 
ing over  fifteen  years,  that  the  higher  the  temperature  of  the  ex- 
haust steam,  the  less  oil  can  be  separated,  no  matter  w^hat  de^ice 
is  used.  I  found  that,  with  the  oil  separators  existing  in  the 
market  to-day,  and  which  are  usually  connected  in  the  exhaust 
pipe  between  the  cylinder  and  the  condenser,  a  certain  amount 
of  condensation  was  separated,  and  the  only  oil  separated  was 
that  due  to  the  condensed  steam.  I  have  discarded  all  the  so- 
called  oil  separators,  and  built  an  open  tank  with  four  compart- 
ments. These  compartments  can  be  filled  with  charcoal,  coke, 
hay,  or  any  other  filtering  material.  The  division  plates  are  so 
arranged  that  the  water  to  be  filtered  passes  under  one  division 
plate  and  over  the  next.  The  air  pump  discharges  into  one  end 
of  this  tank,  and  the  water,  after  having  passed  through  the  filter- 
ing material,  passes  by  gravity  into  the  suction  reservoir  of  the 
feed  pump.  In  the  feed  pipe,  between  the  pump  and  boiler,  a 
coil  of  pipe  is  inserted  inside  the  exhaust  pipe,  so  that  the  feed 
water  recovers  by  passing  through  this  coil  what  it  lost  in  tem- 
perature by  passing  through  the  filter.  The  surface  condenser 
is  boiled  out  with  caustic  soda  once  a  year.  I  have  found  this 
arrangement  very  satisfactory,  and  in  five  years  trial  the  boilers 
have  been  absolutely  free  from  any  indication  of  grease.  My 
experience  seems  to  show  that  oil  can  be  separated  from  water  at 
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any  temperature  below  the  boiling-point,  bnt  I  have  not  yet  found 
an  apparatus  that  would  separate  oil  from  steam  at  any  tempera- 
ture or  pressure  available  in  practice. 

Mr.  J).  J.  Lewis. — 1  have  been  se})aratin<>'  oil  by  means  of  G 
(JJudiron  bafHe  plates  j)laced  in  a  box  about  four  years,  both  on 
condensing  and  non-condensing  engines,  but  I  found  out  two 
things,  that  first  you  have  got  to  have  your  baffle  plates  so  that 
you  can  clean  them ;  by  that  I  mean,  not  just  cleaning  the  surface, 
but  cleaning  the  pores  of  the  baffle  plate.  I  find  that  they  become 
saturated,  and  after  the  plates  are  thoroughly  saturated  the  oil 
will  go  by.  Separators  are  generally  sold  on  sixty  days  trial,  and 
as  a  rule  they  will  clean  up  the  steam  in  great  shape  in  that  sixty 
days,  and  the  man  pays  the  bill.  About  a  couple  of  months  after- 
wards he  begins  to  find  oil.  I  came  up  against  that  question.  For 
a  long  while  I  did  not  know  what  was  the  matter.  I  started  in 
experimenting.  I  first  cleaned  the  surface  with  benzine.  That 
fixed  the  plate  separator  so  it  would  run  about  a  week.  Now  we 
take  our  plates  out  and  put  them  in  a  solution  of  soda  and  potash 
and  let  them  boil  about  ten  hours,  and  it  brings  them  back  to 
exactly  the  same  condition  they  were  in  when  they  were  first  put 
in.  We  have  had  separators  running  condensing  and  non-condens- 
ing for  two  years,  and  they  are  in  just  as  good  shape  as  when  they 
were  sold.  Another  thing  I  found  out  was  that  on  condensing 
engines  it  became  necessary  to  throw  a  stream  of  water  on  the  plate 
to  separate  the  oil,  and  we  got  a  result  on  the  chemical  analysis 
as  low  as  one  grain  of  oil  to  the  gallon,  but  as  I  said  the  main 
point  is  cleaning  the  plates,  and  another  thing  is  to  have  them  so 
that  they  won't  pick  up  the  oil  after  it  is  separated. 

Mr.  F.  Meriam  Wheeler. — I  do  not  know  who  suggested  this 
topic,  but  I  am  glad  to  have  it  presented  at  this  meeting,  as  the 
time  is  very  ripe  to  ascertain  w^hat  progress  has  been  made  since 
the  subject  was  discussed  before  this  Society  seven  years  ago.  It 
was  at  the  New  York  meeting  in  December,  1895,  and  I  well 
remember  how  much  interest  was  manifested  at  that  time — no  less 
than  15  or  20  members  taking  part  in  the  discussion. 

Among  the  different  speakers  the  following  gentlemen  referred 
to  the  various  types  of  apparatus  for  filtering  feed  water  from  oil 
then  in  common  use. 

Mr.  John  C.  Kafer  spoke  of  the  filter  tanks  on  some  of  the 
Sound  steamers,  in  which  were  used  straw  and  hay,  the  result  being 
quite  satisfactory. 
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Mr.  II.  I).  Ivoclkor  rcfcrrcMl  to  a  sot  of  boilers  tlmt  liad  Ikm-h  in 
use  for  ai)oii(  (wo  years  with  practically  no  I  race  of  <»il,  that  were 
supplied  with  feed  water  filtered  through  coimnon  spon^c^s  ])ack('d 
tiiihtlv  under  some  ])ressure — the  s{)on^es  of  course  recpiirini;'  to 
he  fre(]U(Mitly  cleansed. 

^Ir.  K.  A.  Darliui;-  seemed  to  think  well  of  filters  usin^  '^  Kx- 
c(dsior  "  (wooil)  fibre,  in  that  it  absorbed  the  oil  much  better  than 
straw  or  hay  and  could  also  be  burned  in  the  furnaces  as  fnel. 

]\Ir.  W.  T.  Bonner  s])oke  of  the  ammonia-alum  ty])e  of  ffn-d- 
water  filters,  which,  although  very  nice  in  theory,  he  found  that 
unless  said  filters  were  carefully  watched  they  were  very  apt  to 
make  trouble  with  the  boilers;  he  quoted  a  case  where,  in  a  short 
time,  the  feed  ])ipes  of  the  boiler  Avere  eaten  out  and  the  tubes 
badly  pitted.  His  objection  to  filters  using  straws  and  other  fibrous 
material  is,  that  if  the  material  is  not  frequently  rei)laced,  more 
or  less  oil  passes  through.  Or,  what  is  worse,  there  is  considerable 
carrying  along  of  the  rotting  filtering  material  with  the  feed  \vater, 
which  material  w^ould  get  under  the  pump  valves,  clogging  the  pas- 
sage-ways, and  causing  no  end  of  trouble.  lie  truly  remarked 
that,  ^'  Eternal  vigilance  is  the  price  of  safety." 

Mr.  P.  H.  Grimm  brought  forward  a  type  of  filter  consisting  of 
three  cylinders,  the  feed  water  being  passed  first  into  one  of  these 
cylinders  until  it  fills  up  wdthin  a  few  inches  of  the  top.  Then  the 
water  is  led  to  the  bottom  of  the  next  cylinder,  and  so  on  through 
the  third  cylinder,  where  it  is  drawn  off  near  the  bottom  bv  the 
feed  pump.  From  the  first  cylinder  could  be  skimmed  off  con- 
siderable oil,  which  was  in  fit  condition  for  use  again ;  in  the  second 
cylinder  there  would  be  less  oil,  and  in  the  third  cylinder  scarcely 
any.  An  illustration  of  this  arrangement  is  shown  by  Fig.  G2,  on 
page  300  of  the  Transactions  of  the  Society,  vol.  xv. 

Mr.  O.  C.  Woolson  spoke  of  a  very  efficient  f  eed-w^ater  filter  that 
had  been  used  in  the  West,  consisting  of  a  simple  square  vessel 
with  a  chamber  at  the  bottom  packed  closely  wdth  hay. 

Mr.  H.  A.  Bang  instanced  a  case  in  a  Wall  Street  ofiice  build- 
ing where  a  sand  filter  was  used,  and  w^ithout  alum  or  other 
chemical  assistance  the  feed  water  w-as  allow^ed  to  pass  slowly 
through  the  sand  and  flow"  oft'  at  the  bottom.  This  arrangement 
was  quite  efficient;  but,  of  course,  required  frequent  renew^al  of 
the  sand. 

Mr.  G.  I.  Eockwood  brought  out  the  fact  that  it  is  quite  a 
different  thing  trying  to  extract  oil  from  water  when  used  in 
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boilers  carrying  very  high  steam  pressure  than  when  low  steam 
])ressurc  is  used. 

Mr.  A.  II.  Raynal  spoke  of  the  importance  of  arresting  all  solid 
matter  possible,  which  could  be  successfully  done  in  most  of  the 
forms  of  filters  named :  he  instanced  a  case  where,  with  the  use 
of  the  Johnson  type  of  filter,  he  not  only  arrested  vegetable 
matter  but  also  a  certain  amount  of  mineral  matter. 

Mr.  Boyer  gave  the  results  of  his  experience  in  filtering 
feed  water  in  connection  with  refrigerating  machinery.  He 
brought  out  the  fact  that  altogether  too  much  oil  is  used  by  engi- 
neers, and  instanced  a  case  where  a  certain  engine  which  had  been 
supplied  at  the  rate  of  eight  drops  of  oil  to  every  revolution  of  the 
engine,  was  cut  down  to  one  drop  of  oil  to  eight  revolutions.  He 
gave  a  very  graphic  description  of  a  boiler  that  got  into  trouble 
with  too  much  oil  in  the  feed  water,  and  where  a  lot  of  feed  water 
heating  pipes  under  the  boiler  gave  out  after  running  only  four 
months. 

Mr.  C.  L.  ISTewcomb,  Mr.  Jesse  M.  Smith  and  Mr.  W.  A.  Pier- 
son,  had  considerable  to  sa}^  about  the  quality  as  well  as  the  quan- 
tity of  oil  used  in  engines.  They  all  agreed  that  it  was  very 
difficult  to  secure  a  uniform  and  satisfactory  quality  of  cylinder 
oil  that  could  be  continuously  relied  upon. 

Mr.  John  Fritz  prefaced  his  remarks  with  the  expression  that, 
"'  This  seems  to  be  something  of  an  experience  meeting,"  and  then 
went  on  to  say  that  when  he  was  a  boy  he  had  something  to  do  with 
a  small  engine,  which  ran  satisfactorily  without  the  use  of  any  oil 
in  the  steam  cylinder. 

Mr.  James  G.  Winship  followed  in  the  same  line  and  stated  that 
an  oscillating  engine  in  the  old  Allaire  Works  ran  for  about  15 
years  without  the  use  of  oil. 

When  asked  to  give  my  experience  with  feed  water  filters, 
especially  in  connection  with  surface  condensers,  I  called  atten- 
tion to  the  leading  types  of  filters  as  then  used  in  Europe,  par- 
ticularly in  the  naval  and  merchant  marine  service,  and  gave  a 
brief  description  of  the  Rankin  filter  which  is  on  the  cloth-covered 
cartridge  system,  the  Harris  filter,  which  is  fitted  with  sponges, 
and  the  Edmenston  filter,  which  is  a  vessel  filled  with  a  number 
of  perforated  discs,  provided  with  coarse  towelling,  a  sectional  view 
of  which  is  shown  by  Fig.  63,  on  page  305  of  the  Society's  Trans- 
actions, vol.  XV. 

Since  the  time  the  above  discussion  took  place  there  has  been 
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considcrnMo  advaiicoinont  in  tlio  direction  of  ])rovidinf!:  good  feed 
water.  For  instance,  our  friend,  Mr.  Snow,  of  tlie  Standard  Oil 
Co.,  and  otliers,  have  bronglit  out  some  verv  efficient  filters  of  the 
cheniical-meclianical  type.  Of  course  such  filters  require  a  great 
deal  of  room  and  are  rather  elaborate  and  expensive. 

There  has  also  been  considerable  effort  made  to  eliminate  the  oil 
from  exhaust  steam  in  its  passage  from  the  engine  to  the  surface 
condenser,  and  such  efforts  have  been  rewarded  with  more  or  less 
success.  When  I  last  visited  Europe  (a  year  ago  last  S])ring),  I 
heard  of  a  verv  remarkable  separator  of  this  tj])Q  in  England, 
where  they  claimed  they  had  been  able  to  extract  over  08  per 
cent,  of  the  oil  from  the  steam.  I  had  a  friend  look  the  matter 
up,  and  after  watching  the  apparatus  a  long  time  (it  was  in  use 
at  the  Phoenix  Works,  Stockton)  he  reported  that  the  amount 
of  separation  of  oil  averaged  over  99  per  cent.  This  filter  was 
designed  by  Mr.  AV.  J.  Baker,  of  London,  and  consists  simply  of 
a  large  vessel,  either  cylindrical  or  rectangular  in  shape,  with  an 
arrangement  of  baffle  plates  in  the  centre.  In  the-  bottom  of  the 
vessel  is  carried  a  certain  amount  of  water,  as  shown  by  Fig.  95. 
The  exhaust  steam  enters  at  the  right-hand  side  and  is  deflected 
downward  by  the  deflector  A^  so  that  it  is  spread  over  the  surface 
of  the  water,  which  latter  is  kept  at  a  prescribed  height  in  the 
bottom  of  the  separator.  This  contact  of  the  steam  with  the  water 
causes  a  large  portion  of  the  oil  to  be  deposited  on  the  surface 
of  the  water.  The  steam  then  passes  through  the  group  of  vertical 
bafiiers,  which  are  V-sliaped  plates  (marked  B  in  the  sketch), 
where  the  remaining  oil  is  eliminated  from  the  steam,  the  latter 
passing  out  through  the  exhaust  nozzle  at  the  left.  The  oil  is 
drawn  off,  together  with  a  certain  amount  of  condensed  steam 
through  the  outlet  C,  and  passes  into  the  supplemental  tank  D 
sho^vn  below  the  separator. 

When  the  tank  D  is  filled,  the  oil  can  be  drawn  off  without  break- 
ing the  vacuum,  by  closing  the  gate  valve  E,  and  opening  the  gate 
valve  F  and  the  air  cock  /.  If  preferred,  a  small  pump  can  be 
used  in  place  of  this  tank. 

Mr.  Baker's  separator  differs  from  all  others  in  that  he  insists 
upon  a  very  large  area  for  the  steam  to  pass  through,  so  as  to 
reduce  the  velocity  of  the  steam  as  much  as  possible.  He  claims 
that  for  want  of  proper  room  in  the  other  forms  of  steam  separa- 
tors they  have  failed  to  do  the  best  work. 

He  contends  that  steam  niav  be  divested  of  all  the  oil  it  contains. 
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if  tlic  stoaiu  is  allowed  to  expand  and  travel  at  a  slow  rate  of  speed, 
as  by  doing  so  the  ])articdes  of  oil  have  a  better  opportunity  to 
adhere  to  the  deflector  i)lates  and  draw  off  properly.     Of  course 
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this  arrangement  is  practically  prohibitive  in  a  steam  vessel,  where 
the  space  is  very  limited,  but  for  stationary  plants  it  is  entirely 

feasible. 

To  give  an  idea  of  how  much  room  is  required,  I  cite  the  case 
of  a  compound  engine,  where  the  "  Baker  "  separator  was  about 
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tliroo  tinios  tlio  voluiiio  of  (lio  low  pressure  eyliiider.  ITowevcr, 
this  WHS  provided  for  hy  ])laein^  the  sej>arator  mider  the  floor. 

The  advantaiii'  of  this  system  is  the  fact  that  it  recjuires  litth'  or 
no  attention  and  can  be  niach^  to  do  its  work  antoniatieally.  What 
wc^  need  for  eliniinatini'"  oil  is  something  that  is  thoroughly  })rae- 
tical  and  that  does  uot  require  so  mueh  attention  from  the  engi- 
neei*s,  as  is  the  ease  with  filter  boxes,  or  similar  deviees  for  filtering 
the  feed  wat(u-  where  the  filtering  material  has  to  be  frequently 
eleaned  or  renewed. 

As  I  remarked  in  the  discussion  we  had  at  the  1^1)5  meeting: 
*'  The  average  stationary  engineer  seems  to  begrudge  the  trouble 
necessary  to  attend  projierly  to  a  feed-water  filter  of  the  ordinary 
type,  although  his  brother  engineer  on  the  steamers  takes  it  as 
a  matter  of  course  and  as  part  of  his  regular  duties.'' 

Therefore,  any  device  that  requires  little  attention  is  very  much 
to  be  desired,  even  thougli  it  may  take  more  room  and  may  not  be 
very  sightly  in  appearance. 

One  of  my  friends  has  recently  suggested  that  oil  might  be 
separated  from  feed  water  by  a  centrifugal  machine,  such  as  the 
DeLaval  cream  separator.  I  desire  to  ask  if  any  one  has  tried  any 
experiments  in  that  line.  There  is  no  doubt  but  what  oil  wiW  be 
used  less  and  less  as  we  perfect  the  valve  gear  of  steam  engines. 
In  fact  many  vertical  engines  are  now  in  use  where  no  oil  what- 
ever is  used.  That  is  where  the  steam  turbine  has  the  great  ad- 
vantage, no  oil  being  required.  However,  as  long  as  we  have  to  use 
oil,  as  is  the  case  with  most  steam  engines,  especially  of  the  hori- 
zontal type,  let  it  be  of  the  very  best  quality,  used  as  sparingly  as 
possible,  and  then  have  a  properly  arranged  steam  separator  of 
proper  design  placed  between  the  engine  and  condenser. 

Mr.  James  Christie. — The  firm  I  am  connected  with  are  mak- 
ing quite  successful  machines  now  which  separate  mechanically, 
and  do  it  right  along  automatically. 

Mr.  E.  P.  Bates. — I  would  like  to  ask  what  the  experience  of 
the  members  has  been  in  separating  the  oil  from  exhaust  steam 
after  being  used  by  the  Westinghouse  engines.  I  have  had  very 
little  trouble'  in  separating  oil  from  exhaust  steam  used  in  the 
ordinary  engine,  the  common  slide  valve  on  the  Corliss  and  other 
makes,  but  I  undertook  to  do  this  at  one  plant  where  the  Westing- 
house  engine  was  used,  an  engine  of  considerable  power,  I  think 
250  horse-power  nominal.  The  lower  i)art  of  the  bed  is  a  reservoir 
for  water  and  oil,  and  the  connecting-rod  and  crank-pins  run  into 
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this  solution  and  it  seems  to  be  driven  up  into  the  cylinders  of  the 
engine  and  works  through  into  the  exhaust  steam  in  considerable 
quantities,  and  any  apparatus  which  I  was  conversant  with  at  the 
time  failed  to  remove  the  oil  from  the  exhaust  steam  and  the  con- 
densed water,  and  it  became  impossible  to  use  it  in  the  boilers 
nnder  these  conditions.  If  there  is  anyone  here  who  has  had  cx- 
])erience  in  tliat  line  and  has  succeeded  in  removing  the  oil  under 
simihn-  condition,  I  for  one  would  be  very  glad  to  hear  from  him. 

Mr.  Lewis. — I  have  used  our  separator  on  the  Westinghouse 
engines  and  we  have  to  clean  plates  twice  as  often.  Where  we 
generally  clean  the  plates  every  thirty  days,  we  do  it  every  two 
weeks  on  the  Westinghouse  engines. 

Mr.  F.  II.  Laforge. — It  is  my  business  to  inspect  boilers,  and  in 
my  work  I  have  examined  a  great  many  where  the  exhaust  steam 
from  the  engine  has  been  returned  into  the  boilers.  I  have  seen 
different  so-called  separators  used  to  prevent  the  cylinder  oil  return- 
ing with  the  steam.  Some  of  them  do  take  out  a  part  of  the  oil, 
but  there  is  still  enougli  left  to  be,  in  my  opinion,  very  objec- 
tionable. 

Mr.  Lewis. — I  believe  the  question  is  separating  oil  from  the 
steam.  When  they  take  oil  out  of  steam  they  also  take  any  water 
that  is  in  the  steam.  But  I  think  we  have  something  like  4,000 
separators  working  now^  satisfactorily,  and  they  have  been  passed 
by  the  boiler  insurance  company ;  that  is,  they  allow  us  to  put  the 
water  back  in  the  boiler.  That  was  taken  up  by  Mr.  F.  B.  Allen 
and  he  made  an  exhaustive  examination  of  it,  and  since  we  have 
been  boiling  the  plates  we  have  not  had  any  trouble. 

Mr.  William  Kent. — I  have  had  occasion  to  look  into  the  sub- 
ject about  two  years  ago.  I  put  a  separator  in  the  exhaust  pipe, 
and  at  the  other  end  of  the  system,  the  exhaust  steam  being  used  for 
heating,  returned  the  water  back  to  the  boilers,  put  between  the 
feed  pump  and  the  boilers  a  feed-water  filter  with  Turkish  toweling 
in  it,  and  that  combination,  the  separator  in  the  exhaust  pipe  and 
the  filter  at  the  other  end,  has  worked  perfectly  for  more  than  a 
year.     The  filter  is  universally  used  on  ship-board. 

Mr.  Lewis. — One  thing  I  forgot  to  say,  that  the  separator  should 
be  placed  betAveen  the  engine  and  the  feed-water  heater.  My  ex- 
perience is  that  if  you  put  the  separator  beyond  the  feed-water 
heater,  you  cannot  get  the  same  results.  You  want  to  get  the 
steam  into  the  separator  just  as  hot  as  possible. 
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No.  154. 

Tempering'  and  Annealing  Steel. 

Mr.  n.  P.  Jo7ics. — AVliilo  roccntly  cno;ac^e(l  in  tho  dosif^n  and 
construction  of  annealing  furnaces  for  annealing  metals  by  a 
patented  non-oxidizing  process,  the  invention  of  Mr.  Horace  K. 
Jones,  of  Hartford,  Conn.,  I  had  opportunities  of  discussing  the 
subject  of  annealing  with  many  superintendents,  and  also  of  study- 
ing man}^  different  methods  of  annealing,  but  in  nearly  every  case 
I  found  that  much  difficulty  was  experienced  in  obtaining  well 
annealed  tool  steel. 

A  difference  of  opinion  seems  to  exist  as  to  whether  the  pro- 
ducer or  consumer  of  tool  steel  should  do  the  annealing.  The 
producer  holds  that  the  consumer  alone  is  able  to  judge  as  to  the 
correct  heat  to  give  the  softness  that  he  requires,  and  in  favor  of 
this  it  may  be  noted  that  the  term  "  soft,"  as  applied  to  tool  steel, 
is  widely  construed  by  different  consumers.  The  consumer  con- 
tends that  he  should  be  able  to  purchase  satisfactorily  ahnealed 
tool  steel,  and  that  on  account  of  large  output,  and  therefore  pre- 
sumably perfected  facilities  for  the  operation,  the  producer  is  in 
a  much  better  position  to  do  the  annealing. 

This  is  certainly  a  just  view  from  the  standpoint  of  a  consumer 
of  small  quantities,  to  whom  the  first  cost  of  a  suitable  furnace 
might  appear  a  considerable  item.  As  a  matter  of  fact,  well  an- 
nealed tool  steel  is  often  obtained  from  the  manufacturers,  but 
other  lots  of  very  imperfectly  annealed  steel  are  also  so  frequently 
obtained,  that  in  a  majority  of  the  shops  which  came  under  my 
notice  the  practice  of  reannealing  all  tool  steel  was  followed. 

During  the  process  of  annealing,  the  quality  of  the  steel  may  be 
injured  by  contact  with  furnace  gases  or  by  burning  or  over- 
heating, and  the  efficiency  of  the  operation  may  be  diminished  by 
under-heating  or  too  rapid  cooling.  Judging  from  tests  made 
upon  specimens  annealed  in  contact  with  different  gases,  and  also 
from  results  obtained  in  annealing  very  delicate  work,  such  as 
wire  for  the  hairsprings  of  watches,  in  a  similar  manner,  it  would 
seem  that,  aside  from  oxidation  due  to  direct  contact  with  the 
flames,  the  injury  that  might  arise  from  contact  with  gases  is  of 
little  importance.  The  tests  above  referred  to  were  described  in 
the  Engineering  Neivs  of  January  2,  1892,  and  in  the  Engineering 
and  Mining  Journal  of  January  9,  1892,  and  I  ^vill  therefore  but 
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l)ricfly  state  the  manner  in  which  the  specimens  were  treated. 
The  object  of  this  process  was  to  turn  out  a  perfectly  bright  or 
non-oxidizod  product,  doing  away  with  all  pickling,  and  its  prin- 
cipal feature  consisted  in  enclosing  the  metal  in  wrought-iron 
tubes  or  retorts  of  various  sizes,  and  keeping  these  retorts  in  com- 
munication with  a  gas-holder  or  gas  main  during  the  entire  opera- 
tion of  heating  and  cooling,  the  gas  thus  acting  as  a  non-oxidizing 
atmosphere.  As  this  arrangement  permitted  the  gas  to  expand 
back  into  the  main,  a  low  pressure  was  maintained,  an  essential 
condition  in  a  process  of  this  character. 

It  was  known  that  nitrogen  should  have  no  effect  upon  the  metal, 
while  the  constituents  of  illuminating  and  other  gases  might  in- 
jure it.  A  comparison  of  tests  of  specimens  annealed  in  nitrogen, 
with  those  of  specimens  annealed  in  other  gases,  failed  to  show  any 
important  difference,  but,  compared  with  tests  of  specimens  an- 
nealed in  an  open  fire,  the  latter  results  were  much  inferior. 

In  a  series  of  tests  upon  structural  steel,  Mr.  Gus  C.  Henning 
makes  the  effect  of  improper  methods  of  annealing  very  evident. 
(See  "  Treatment  of  Structural  Steel,"  Transactions  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  vol.  xiii.,  p.  577,  etc.) 

Although,  as  above  stated,  this  process  was  intended  for  bright 
work,  yet  it  was  soon  found  that  tool  steel,  treated  in  this  manner, 
using  common  illuminating  gas,  worked  up  much  better  than  when 
annealed  in  charcoal  or  in  other  ways.  The  scale  commonly  found 
upon  the  steel,  as  it  comes  from  the  steel  works,  was  also  reduced 
and  softened  by  the  treatment,  and  the  wear  upon  cutting  tools 
ordinarily  due  to  this  cause  was  much  diminished.  But  a  most 
important  result  obtained  was  that  of  uniformity.  Steel  annealed 
at  different  times  was  vniformly  well  annealed,  and  I  consider 
this  the  chief  element  of  success. 

By  inclosing  the  steel  in  a  retort  all  contact  with  the  flame  and 
resulting  burning  or  oxidation  of  the  steel  was  avoided,  and  any 
draught  or  variation  of  the  heat  was  not  communicated  directly 
to  the  steel.  The  retorts  were  heated  to  the  required  tempera- 
ture, depending  upon  the  quality  of  the  steel  and  the  degree  of 
softness  to  be  attained,  and  then  kept  at  this  heat  for  a  time  in 
order  to  allow  the  heat  to  "  soak  "  throu2:h  the  centre  of  the  mass. 
The  steel  near  the  outside  of  the  retort  was  not  over-heated,  and 
the  entire  mass  was  uniformly  annealed.  Much  of  the  success 
was,  no  doubt,  due  to  the  care  exercised  in  designing  and  con- 
structing the  furnaces.     Oil  was  preferred  as  a  fuel,  and  the  burn- 
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ors  wore  so  arranged  as  to  give  the  most  unifonn  lical  possiMc. 
There  was  no  difficulty  in  determining  the  correct  degree  of  heat 
from  the  color  of  the  retort,  but  if  desired  a  pyrometer  could  be 
used,  thus  eliminating  all  possibility  of  an  error  of  judgment. 

In  order  to  obtain  the  best  results  the  finer  grades  of  steel  ad- 
mit of  none  but  the  most  positive  and  certain  treatment.  The 
unsatisfactory  results  that  are  so  frequently  obtained  are  ])ut 
natural  consequences  of  either  a  disregard  for  the  susceptibility 
of  fine  steels  to  the  chemical  and  mechanical  action  accompanying 
higher  temperatures,  or  an  inefficient  a(hi])tati()n  of  means  for  re- 
moving or  overcoming  these  injurious  effects.  As  many  tons  of 
tool  steel  are  being  annealed  in  the  manner  thus  briefly  described, 
and  at  a  comparatively  slight  expense,  I  bring  these  facts  before 
the  members  of  this  Society,  thinking  that  they  may,  perhaps, 
be  of  interest,  and  also  prove  that  with  carefully  designed  fur- 
naces and  means  for  the  protection  of  the  steel  from  direct  con- 
tact with  flame  and  oxidizing  gases  during  the  heating, ,  and  at 
least  the  earlier  part  of  the  cooling  period,  tool  steel  may  be  an- 
nealed perfectly  and  uniformly. 

Mr.  E.  R.  MarJiham. — When  a  piece  of  steel  is  heated  red  hot 
and  plunged  in  a  cooling  bath  it  becomes  very  hard,  l^ow,  hard- 
ness is  the  quality  desired  in  order  that  the  steel  may  be  able  to 
perform  the  duty  expected  of  it,  but  it  not  only  becomes  hard; 
it  is  also  made  brittle,  and  brittleness  is  not  a  desirable  quality. 
In  order  to  reducethe  brittleness  to  a  point  where  it  will  stand  up 
and  do  the  work  expected  of  it,  it  is  necessary  to  reheat  the  steel 
somevrhat.  Steel  is  very  sensitive  to  the  action  of  heat,  commenc- 
ing with  cold  steel,  every  degree  of  heat  given  it  affects  somewhat 
the  structure  of  the  steel. 

If  steel  is  hardened  and  subjected  to  strain  when  cold,  it 
will  be  found,  if  tested  in  a  testing  machine,  to  break  easier  than 
if  heated  to  a  temperature  of  100  degrees  and  tested  at  that  heat, 
but  if  it  is  allowed  to  cool  to  the  temperature  of  the  first  piece 
mentioned,  it  will  break  at  about  the  same  strain  as  that  piece. 
It  is  presumed  that  both  pieces  were  hardened  at  the  same  time,  at 
the  same  temperature,  and  as  nearly  as  possible  under  the  same 
conditions,  thus  proving  that  the  steel,  although  tougher  wdien  at 
the  temperature  mentioned,  was  as  brittle  as  the  piece  which  had 
not  been  reheated,  when  both  were  at  the  same  temperature. 

I  have  made  experiments  with  hardened  steel  reheated  to  dif- 
ferent temperatures  from  100  degrees  to  430  degrees  Fahren- 
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licit,  and  find  that  steel  reheated  to  a  temperature  less  than  175 
decrees  does  not  sliow  any  marked  difference  in  the  amount  of  force 
necessary  to  break  the  piece  when  it  is  cooled  to  the  temperature 
of  the  room  in  wliicli  the  experiments  were  made,  but  beyond  that 
temperature,  a  difference  was  noticeable,  every  25  degrees  given 
the  piece  making  a  marked  difference  m  its  strength.  It  was 
also  noticed  that  the  higher  the  temperature  was  raised,  the 
more  rajud  the  changes  in  strength.  This  is  especially  noticeable 
in  two  2)ieces,  one  drawn  to  300  degrees  and  the  other  to  350 
degrees,  a  difference  of  only  50  degrees. 

My  own  experience  has  never  shown  any  tools  which  required 
having  the  temperature  drawn  to  have  the  brittleness  sufficiently 
reduced  to  enable  them  to  stand  up  when  in  service  unless  heated 
to  a  temperature  of  200  degrees,  and  as  the  difference  in  strength 
between  a  piece  heated  to  this  temperature,  and  a  piece  hardened 
at  the  same  time  and  under  the  same  circumstances,  and  heated 
to  212  degrees,  was  not  noticeable,  we  always  drew  them  to  the 
latter  temperature  because  it  was  accomplished  so  easily,  as  w^e  had 
a  tank  of  water  always  kept  at  the  boiling  point  (212  degrees),  into 
which  we  dropped  small  pieces  as  they  were  hardened  to  keep  them 
from  cracking  as  the  result  of  internal  strains  incident  to  harden- 
ing. The  length  of  time  the  pieces  were  subjected  to  this  tempera- 
ture did  not  appear  to  affect  the  brittleness  appreciably,  provided 
they  were  left  in  the  liquid  long  enough  to  become  heated  uni- 
formly throughout. 

My  attention  was  first  directed  to  the  fact  that  hardened  steel 
could  have  the  brittleness  incident  to  hardening  reduced  at  a 
temperature  lower  than  that  necessary  to  produce  a  faint  straw 
color  (430  degrees),  by  an  experience  which  I  made  mention  of 
in  an  article  in  the  American  Machinist  a  few  months  ago.  A 
circular  forming  tool  used  on  an  automatic  screw  machine  would 
not  stand  up  when  left  as  it  came  from  the  bath,  as  one  of  its 
cutting  portions  was  a  slender  projection.  When  drawm  to  a 
straw  color,  even  the  faintest,  it  would  not  do- the  amount  of  work 
we  thought  it  should.  I  reasoned  that  if  the  difference  of  30  de- 
grees between  a  faint  straw  (430  degrees)  and  a  full  straw  color 
(460  degrees)  produced  such  a  marked  difference  in  the  hardness 
of  the  piece,  as  it  showed  when  tested  with  a  file,  and  if  reheating 
the  piece  to  430  degrees  made  it  too  soft,  then  ithere  must  be  a 
point  somewhere  between  a  dead  hard  piece  of  steel  and  one  drawn 
to  the  temperature  mentioned,  so  I  set  about  experimenting  and 
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found  tlmt  if  I  dvvw  tli(^  toniporntuvo  t(^  21 'J  (l('i;r(('s  tlio  tool  p^iivc 
cxcolloiit   results. 

We  tested  ])ieees  of  steel  lel't  in  the  tenipei'in^-  li(|nid  ten  minutes 
at  the  desired  teni])erature,  and  others  left  in  one  half  hour,  and 
found  no  apparent  difference  in  hardness  or  strength,  although,  as 
mentioned,  our  method  of  testing  for  liai'dness  was  somewhat 
crude,  and  could  not  be  rcdied  on  for  accurate  results. 

It  was  a  very  difficult  matter  to  test  the  exact  hardness  of  the 
jneces  without  anv  means  at  hand,  although  we  rigged  up  a  crude 
testing  nuichine,  which  consisted  essentially  of  a  base  haying  a  yise 
to  hold  the  hardened  piece  of  steel,  a  diamond  ^vas  set  in  the  end  of 
a  bar  of  steel ;  tliis  was  hinged  to  a  leyer  which  was  above  the  yise ; 
on  the  end  of  the  leyer  we  hung  wx^ights,  thus  bringing  pressure 
on  the  diamond,  as  I  had  no  idea  in  mind  only  to  test  the  pieces 
in  order  to  find  a  point  wdiere  certain  effects  would  be  produced. 
I  kept  no  account  of  the  Aveight  necessary  in  order  that  the  dia- 
mond might  scratch  the  pieces  heated  to  the  various  temperatures ; 
our  tests  w^ere  all  relative  tests. 

There  seemed  to  be  no  marked  difference  in  the  weight  neces- 
sary to  make  the  diamond  scratch  a  piece  of  steel  as  it  came  from 
the  hardening  bath,  and  one  heated  to  a  temperature  of  185  de- 
grees. Beyond  this,  and  up  to  250  degrees,  there  was  very  little 
difference  in  the  apparent  hardness  of  the  piece,  although  there 
was  considerable  difference  in  the  amount  of  force  necessary  to 
break  the  tw^o,  showing  that  hardness  and  brittleness  were  not 
reduced  proportionately,  according  to  the  results  of  our  experi- 
ments. On  an  average,  w^e  daily  drew^  the  temperature  of  350 
pieces  of  w^ork  to  250  degrees.  These  pieces  w^ould  not  stand  up 
if  left  as  hard  as  when  they  came  from  the  hardening  bath,  neither 
were  they  hard  enough  if  drawm  to  the  faintest  straw  color. 

The  next  temperature  that  I  have  a  record, of  drawing  work  to 
is  325  de2:rees.  There  w^as  very  little  difference  in  the  hardness 
of  the  pieces  drawn  to  this  temperature  and  those  draw^n  to  250 
degrees,  but  there  was  a  very  marked  difference  in  the  strength 
of  the  pieces.  These  pieces  would  not  stand  up  if  drawn  only  to  250 
degrees,  yet  stood  very  nicely  wdien  drawn  to  the  temperature 
mentioned.  We  averaged  drawing  500  pieces  of  work  daily  to  this 
temperature. 

The  next  temperature  shown  in  my  record  book  to  which  work 
was  drawn,  is  350  degrees.     This  piece  was  not  of  a  shape  that 
allowed  us  to  leave  it  at  325  degrees,  as  it  was  not  as  strong,  and 
23 
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was  subjected  to  j^reater  strain,  yet  we  found  that  at  850  degrees 
it  gave  good  service.  Under  test  it  showed  somewhat  softer  than 
the  pieces  drawn  to  325  d(^grees.  This  seemed  peculiar  to  us,  as, 
the  piece  being  ligliter  tlian  the  other,  it  shonhl,  according  to  the 
generally  acc(^})ted  idea,  harden  harder  than  tlie  other,  as  they 
were  made  from  the  same  steel  and  from  bars  of  the  same  size; 
in  fact  the  steel  came  altogether,  was  put  in  the  same  rack,  and  was 
exactly  alike  so  far  as  results  depending  on  the  nature  of  the  steel 
was  concerned. 

Other  temperatures  used  were  375,  400  and  415  degrees. 
These,  however,  Avere  seldom  used,  as  they  were  the  temperatures 
to  which  we  heated  swaging  dies  for  various  purposes. 

It  is  surprising  to  note  the  diifercnce  in  the  strength  of  the  vari- 
ous makes  of  steel,  when  hardened  at  their  refining  heat  and 
drawn  to  any  one  of  the  temperatures  mentioned.  It  is  also  sur- 
prising to  note  how  much  faster  some  makes  of  steel  soften  than 
others. 

One  fact  that  was  especially  noticeable  in  our  experiments  was, 
that  the  steels  which  gave  off  their  surface  carbon  the  most  readily 
when  heated  exposed  to  the  air,  were  softer  when  drawn  to  a  given 
temperature  than  those  which  did  not,  even  when  they  were  heated 
aw^ay  from  the  action  of  the  air  and  the  products  of  combustion 
in  the  fire. 

It  was  also  noticed  that  steel  which  was  over  annealed,  that  is, 
heated  for  too  long  a  time  when  annealing,  was  softer  when  drawn 
to  a  given  temperature  than  a  piece  of  the  same  steel  when  heated 
just  long  enough  to  accomplish  the  desired  result. 

The  amount  of  heat  given  steel  when  hardening  seriously 
affected  the  results,  but  by  proper  methods  of  heating  when 
hardening,  we  were  enabled  to  heat  the  steel  very  nicely  to  the 
temperatures  which  refined  the  steel,  and  made  it  the  strongest 
possible.  We  found  that  this  heat  varied  in  different  makes  of 
steel,  even  when  they  w^ere  of  the  same  percentage  of  carbon. 

Mr.  Oherlin  Smith. — It  seems  to  me  that  the  paper  is  not  of  a 
very  comprehensive  character.  Although  the  facts  are  interest- 
ing so  far  as  they  go,  the  sizes  and  shapes  of  the  pieces  hardened 
are  not  stated  to  an  extent  enabling  many  comparisons  to  be  made. 

There  is  a  general  idea  that  dipping  a  piece  of  red-hot  steel 
into  oil  hardens  it.  I  think  it  is  understood  it  will  not  be  as  hard  as 
if  dipped  in  water,  but  there  is  a  good  deal  of  fallacy  in  regard  to 
the  conclusions  drawn.    Taking  the  ordinary  tool  steels,  averaging 
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about  Olio  por  cout,  carbon,  wo  can  liardcn  the  j)()iiits  of  tiiniin^- 
tools  and  the  sharj)  (m1<;-os  of  mil lin_i»*-ciit tors  and  the  sbjirp  c<>rn(?rs 
of  small  cubical  pieces  by  simply  liaviiin  the  iiictal  at  a  bright 
red  heat  and  di|)piii^  it  in  cold  oil;  but  it"  we  lake  something 
approximating  the  shape  of  a  large  sphere  or  a  cylinder  of  con- 
siderable diameter,  with  rounded  ends,  we  will  find  very  often  that 
we  do  not  g(^t  it  hard  at  all.  In  ^'  chunky  ''  shapes,  any  sharj)  cor- 
nel's, or  rather  ])rojecting  ])arts,  will  harden  while  the  main  body 
will  not.  I  have  had  some  experience  in  hardening  rings  for  dies 
of  various  kinds.  These  rings  would  average  from  three  inches  to 
a  foot  in  diameter,  with  a  cross-section  at  each  side  of  perhaps  one 
inch  square  to  two  inches  sqnare.  Kings  of  this  kind  will  rarely 
harden  in  oil  to  much  extent.  They  are,  of  course,  a  good  deal 
harder  than  if  laid  down  and  allowed  to  have  an  '^  air-temper  " 
merely.  They  can  iTsually  be  filed  freely,  and  are  about  as  hard, 
in  many  cases,  as  if  dipped  in  ^vater  and  then  drawn  down  below 
'"  a  blue."  It  is  not,  therefore,  much  of  a  practical  question  how 
many  degrees  of  heat  will  draw  a  piece  of  steel  to  the  proper 
temper  to  make  it  strong  and  tough,  until  we  find  out  how  hard  it 
is  to  start  with — from  the  original  dipping. 

Of  course,  people  Avho  harden  drills  and  turning-tools  and  such 
things  in  oil  generally  get  them  hard  enough  because  the  edges 
are  very  thin  and  it  does  not  matter  wdiethcr  the  body  of  the  tool 
is  hard ;  indeed  it  is  better  soft.  In  the  case  of  knife-blades,  clock- 
springs  and  such  we  have  the  metal  all  thin,  and  there  is  no  trouble 
in  oil  hardening,  as  the  heat  is  removed  quickly.  It  seems  to  me 
that  almost  the  whole  question  of  hardening,  with  a  given  quality 
of  steel,  is  the  quickness  Avith  which  the  heat  leaves  the  metal  wdien 
it  is  going  from  a  bright  red  to  a  very  dull  red.  After  that  stage 
it  does  not  make  very  much  difference  what  happens.  It  is  all  a 
matter  of  the  quickness  of  the  initial  cooling.  That  is,  of  course, 
the  reason  why  we  have  such  greater  hardness  when  red-hot  steel 
is  dipped  in  mercury,  because  mercury  is  doubtless  the  best  con- 
ductor of  heat  among  cold  liquids.  With  dilute  sulphuric  acid  and, 
to  a  less  degree,  with  salt  water  we  get  good  hardening,  because 
these  liquids  are  good  conductors.  Plain  cold  ^vater  comes  next, 
and  warm  water  follows.  I  don't  think  chemical  composition  has 
much  to  do  with  it,  and  hence  would  eschew  quack  hardening 
fluids. 

We  can  get  a  great  deal  better  hardening  results  in  rings 
and  such  things  if  we  squirt  a  heavy  stream  of  water  at  or  through 
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tliein  tlian  by  dipping-  tliciii.  Tal\iD<>'  stool  of  80  or  00  por  cent, 
carbon,  small  ])ioces  will  liardoii  in  wator  and  largo  ones  some- 
times won't  harden  at  all,  unless  we  squirt  on  them  a  tremendous 
stream  at  high  velocity.  In  hardening  large  punches  and  dies  if 
we  use  a  mixture  too  high  in  carbon  (to  insure  hardening  in  almost 
anything)  the  steel  is  very  apt  to  crack;  but  using  100  per  cent, 
or  lower,  to  get  it  crackless,  so  to  speak,  it  is  difficult  to  harden 
it  at  all  without  a  stream  of  water.  This  simply  carries  away  the 
heat  faster  than  does  still  water,  which  gets  warm  locally  around 
the  steel. 

There  are  other  liquids  between  water  and  oil  of  various  merit; 
but,  after  all,  it  seems  to  be  only  a  matter  of  Jiow  fast  the  heat  is 
taken  away  from  the  steel.  Before  formulating  any  general  law 
about  it  we  must  know,  firstly,  what  the  quality  of  the  steel  is; 
secondly,  the  conditions  under  which  it  is  dipped;  and,  thirdly,  in 
what  kind  of  a  liquid  in  regard  to  conductivity  of  heat.  Oil 
is  a  sluggish  conductor,  and  very  tricky  unless  we  know  by  exper- 
ience the  shape  of  the  particular  pieces  of  steel  suited  to  such  an 
environment. 

Professor  Williston. — Mr.  Smith  has  called  the  attention  of  the 
Society  to  the  great  difference  in  the  results  that  are  obtained  with 
pieces  of  steel  of  different  sizes  and  shapes  when  they  are  hardened 
in  different  liquids,  assuming,  I  suppose,  that  they  are  all  heated 
uniformly  and  to  the  same  temperature  before  being  quenched. 
In  this  connection  the  experience  of  some  of  the  larger  manu- 
facturers of  knives  for  wood-working  machinery,  veneer  cutters, 
paper-cutting  machines,  etc.,  would,  I  think,  be  of  interest. 

These  large  knives  have  to  be  hardened  with  a  very  great  degree 
of  uniformity  for  any  single  line  of  work,  but  as  they  are  used  on 
machines  which  are  operated  at  widely  varying  speeds,  and  for 
cutting  all  sorts  of  materials,  the  treatment  that  is  best  for  one  set 
of  knives  may  not  be  at  all  suited  for  another.  A  very  considerable 
range  of  treatment  both  in  hardening  and  in  tempering  is,  in  fact, 
required  to  meet  these  conditions.  And  the  conditions  have  to 
be  met  with  great  exactness,  because  when  a  given  customer,  say 
a  maker  of  some  woodworking  machine,  has  found,  after  a  costly 
experiment,  a  knife  which  exactly  suits  his  purpose,  he  wants  to  be 
able  to  duplicate  that  knife  with  certainty. 

The  method  of  hardening  which  has  been  found  to  give  the  best 
results  for  this  purpose,  is  not  the  one  which  has  been  suggested 
of  heating  the  steel  all  to  the  same  temperature  and  then  cooling  it 


TOI'ICAL    DISCL'SSIONS    AM)    N()'l"i:s   OF    j;\  l'i;i:i  HNCK.  3r)7 

at  (HflPorcnt  rntos  l)v  (iiuMicliini;'  it  in  (lifTcrciif  ll(]ni<ls,  l)ut  instead 
to  got  this  desired  \ariati()ii  in  liai'dciiiiii;  hv  heating'  the  steel 
hofore  (jnenehini;-  to  varvini»"  teniix'ratures  and  eoolini;'  it  in  every 
case  as  rapidly  as  possible,  in  eold  watcM*  or  brine,  with  a  forced  cir- 
culation. If  a  very  hard  steel,  and  one  somewhat  brittle*  in  con- 
sequence, is  wanted,  the  temperature  before  hardenin<i:  is  hiiih. 
If  a  toui^her  steel,  correspondinii;  more  to  an  oil  temper  is  wante^l, 
the  original  temperature  to  which  the  steed  is  heated  before  quencdi- 
ing  is  proportionately  lower,  but  still  the  effort  is  made  to  cool  it 
just  as  rapidly  and  in  the  same  Avay  as  in  the  case  before.  It  is 
found  that  the  temperature  at  which  the  different  knives  should  be 
hardened  must  be  determined  accurately,  and  some  of  the  best 
makers  are  now  using  electrical  pyrometres  for  this  purpose,  and 
are  keeping  a  record  of  the  temperature  to  which  each  set  of 
knives  is  heated  before  hardening  so  that  more  knives  of  exactly 
the  same  quality  may  be  furnished  in  the  future. 

Regarding  the  question  of  drawing  the  temper,  it  is  found  that 
a  few  degrees  variation  in  the  temperature  to  which  the  steel  is 
heated  in  drawing,  will  make  an  appreciable  difference  if  it  has 
all  been  hardened  uniformly.  The  method  which  is  used  is  to 
draw  the  temper  of  every  knife  by  heating  it  in  an  oil  bath,  keeping 
a  record  of  the  maximum  temperatures  measured  with  a  mercury 
thermometer.  The  lowest  temperature  at  which  there  is  a  notice- 
able effect  on  a  piece  of  hardened  steel  is  about  the  temperature 
that  was  mentioned  in  the  first  discussion,  but  the  lowest  tempera- 
ture at  which  steel  is  drawn  in  knives  which  are  put  upon  the 
market  is  about  200  degrees  Fahrenheit.  And  according  to  the 
])urpose  for  which  the  knives  are  to  be  used  the  temperature  at 
which  they  are  drawn  varies  all  the  way  from  this  point  up  to 
nearly  500  degrees  Fahrenheit. 

It  is  found  that  within  reasonable  limits  it  makes  no  difference 
how  long  the  steel  is  heated  either  in  the  process  of  hardening  or  in 
drawing  the  temper,  provided  the  time  is  sufficiently  long  for  the 
steel  to  be  hardened  uniforndy,  and  provided  the  maximum 
temperature  is  always  the  same.  By  using  the  methods  just 
described  we  could  attain  much  nicety  if  the  quality  of  the  steel 
is  kept  the  same. 

Mr.  Bogers. — I  have  had  considerable  to  do  in  this  line,  an 
uncertain  proposition.  Some  years  ago  I  had  a  Government  con- 
tract and  the  inspector  worked  a  proposition  which  was  a  good  deal 
Avorse  than  the  metric  system  and  rejected  my  goods.     lie  used 
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a  Diagnifjing  glass  on  all  my  goods.  Jiivestigatiiig  tlu;  trouble,  I 
ran  across  sonic  written  data  by  the  late  George  F.  Sinionds,  and  it 
explained  tlu;  uses  of  a  great  many  boxes  which  I  found  about  the 
plant  which  had  ''  windows  '^  in  the  sides  of  them  which  nobody 
could  account  for,  and  1  ])ut  thest^  into  use.  Those  boxes  were  of 
that  form,  and  in  his  hidden  paper  he  explained  the  apparatus.  He 
hllod  the  boxes  full  of  brine  first,  and  then  from  below  he  filled 
them  up  with  oil,  so  that  the  brine  was  raised  that  much  higher  and 
left  a  space  in  the  bottom  full  of  oil.  Then  he  had  a  basket  for 
hardening  small  pieces  made  of  wire  with  a  handle,  and  he 
took  the  steel  from  the  case-hardening  furnaces  and  dumped  it 
in  the  basket,  sent  in  through  the  brine  and  brought  it  up  in  the 
oil.  We  put  that  apparatus  back  into  service  and  never  afterwards 
did  we  have  a  single  rejection  of  the  work,  or  trouble,  because  we 
had  eliminated  the  space  of  time  in  the  air  going  from  the  water 
bath  to  the  oil  bath,  and  after  that  we  had  no  further  trouble.  The 
microscope  exhibited  no  water  or  fire  cracks.  I  also  found  that  it 
cut  down  our  cost  of  production,  because  before  we  had  to  reheat 
and  draw  it,  but  here  we  took  it  right  from  the  furnace.  That  also 
avoided  a  great  deal  of  warping.  I  think  it  is  one  of  Simond's 
patents,  but  I  am  not  sure. 

Mr.  Baies.— -At  what  temperature  did  you  keep  your  bath  ? 

Mr.  Rogers. — We  started  with  the  bath  cold  and  got  it  so  hot 
that  we  could  hardly  put  our  hands  in  it.  We  would  always  keep 
the  temperature  in  the  furnace  even  for  about  two  hours  after  the 
pots  in  which  the  hardening  was  done  became  cherry  red.  Of 
course  it  would  depend  a  great  deal  on  the  heaviness  or  lightness 
of  the  work  that  had  to  be  hardened,  and  the  quality  of  it.  It  was 
all  machinery  steel.  We  had  previously,  made  milling-cutters 
of  machinery  steel  and  case-hardened  them  for  special  jobs,  and 
always  had  trouble  with  the  teeth  flaking  off  or  breaking,  but 
after  we  commenced  case-hardening  by  this  method  we  had  no 
further  trouble,  and  Simonds  in  his  documents  said  that  this  would 
cut  down  the  cost  of  the  labor  required,  and  would  also  eliminate 
the  water  and  fire  cracks. 

Mr.  Charles  L.  Gahriel. — I  would  like  to  ask  Mr.  Kogers  how 
long  he  left  the  work,  what  interval  of  time  elapsed  after  passing 
between  the  water  before  he  drew  the  basket  up  into  the  oil. 

Mr.  Rogers. — That  depended  upon  the  thickness  or  the  fineness 
of  the  work.  Some  work  would  be  tV  of  an  inch  thick,  and  we 
would  hold  it  in  the  oil  not  over  five  minutes.     Other  work  that 
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wns  lliickcr  we  discovorcd  hy  ox])(M'iiiH'iit  took  longer,  as  ^Ir. 
Simoiids  sjiid  notliiiiti'  in  liis  ])n|)or  about  time. 

^fr.  (uibncL — Of  coiirso  this  oidy  n])i)li('s  to  a  oaso  wlioro  you 
do  not  ])nt  any  subscciucnt  heat  into  the  article  after  it  eomes  out  in 
the  oil. 

Mr.  Jiofjcrs. — We  found  we  did  not  have  to  put  in  any  subse- 
quent heat  by  usini>*  this  ]U'ocess.  By  adopting  that  we  cut  down 
our  cost  of  production.     You  can  easily  see  how  much  it  saves. 

^fr.  GahrieJ. — I  would  like  to  ask,  while  I  have  the  floor,  if  any 
of  the  niend)ers  ])resent  can  give  any  information  as  to  the  best 
results  obtained  in  hardening  dies  for  stam])ing  flat  ware,  such  as 
spoon  Avork,  from  silver  and  German  silver?  And  what  is  the  best 
result  which  has  been  obtained  bv  anv  method  of  hardoniner. 
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THB      USE     OF    A      SURVEYING     INSTRUMENT     IN 
MACHINE    SHOP    PRACTICE. 

BY  CHARLES  C.    TYLER,    PITTSBURG,   PA. 

(Member  of  the  Society.) 

1.  Many  macliine  shops  now  have  floor  surface  plates  upon 
which  large  work  is  laid  out  and  various  machining  operations  are 
performed  by  the  use  of  portable  machine  tools  secured  to  the 
plate.  The  quality  of  the  work  produced  is  largely  determined 
by  the  accuracy  of  the  laying  out,  the  correctness  of  the  portable 
tools,  and  the  trueness  of  the  surface  plate. 

2.  For  work  having  moderate  dimensions,  scales,  squares,  beam- 
compasses,  and  straight-edges  can  be  purchased  in  the  market  suffi- 
ciently accurate,  if  used  by  careful  workmen,  to  meet  the  average 
requirements  in  laying  out  the  work  and  setting  the  portable  tools; 
but  for  work  having  large  dimensions  the  scales,  squares,  beam- 
compasses,  and  straight-edges  become  quite  special,  are  expensive, 
and  require  the  utmost  care  in  their  manipulation  to  insure  cor- 
rect work.  Ten-foot  steel  squares  and  beam-compasses  spanning 
twenty-five  feet  are  not  easy  tools  to  make  or  handle,  and  the  fear 
that  errors  might  be  made  in  some  large  work,  to  be  undertaken 
at  East  Pittsburg,  led  the  writer  to  the  consideration  of  doing 
away  with  these  abnormal  tools  and  substituting  others  more  easy 
to  manipulate  and  of  a  kind  to  insure  accurate  results. 

3.  The  method  decided  upon  has  proved  so  reliable  and  satis- 
factory for  nearly  two  years  that  a  description  of  it  may  contain 
some  suggestions  of  benefit  to  those  using  surface  floor  plates  and 
portable  tools.  To  carry  out  the  method  referred  to  we  shall 
require  a  dividing  and  levelling  instrument  of  somewhat  special 
construction;  for  mounting  the  dividing  instrument,  a  centre 
column  (with  a  taper  hole  whose  axis  is  exactly  perpendicular  to 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volame  XXIV.  of  the  Trans- 
actions. 
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the  base  of  the  column),  a  centre  gaugo,  a  straight-edge,  several 
specially  ruled  targets,  a  surface  gauge,  and  other  small  tools. 

4.  Let  us  assume  that  we  have  a  surface  floor  plate,  suitable 
portable  vertical  slotters  or  planers,  and  portable  horizontal  drill- 
ing and  milling  machines,  and  that  we  are  to  construct  a  cast-iron 
ring  of  over  twenty  feet  outside  diameter,  properly  proportioned. 
This  ring  is  to  be  made  of  six  similar  sections  suitably  cored  and 
ribbed,  and  the  only  operations  to  be  described  are  the  accurate 
planing  of  the  joints,  cutting  the  keyways,  and  drilling  the  holes 
for  the  clamping  bolts. 

Mount  one  section  upon  planed  cast-iron  blocks  about  two  feet 
thick  and  fasten  securely  to  the  floor  plate,  being  careful  to  equal- 
ize any  warped  surfaces  found  in  the  casting.  The  centre  column 
is  to  be  moved  about  upon  the  floor  plate  until  its  exact  position 
in  relation  to  the  section  has  been  determined  by  the  use  of  the 
centering  gauge,  and  the  column  is  then  to  be  securely  fastened 
to  the  floor  plate,  where  it  should  remain  until  all  the  operations 
upon  the  section  liaA'e  been  completed.     (See  Fig.  99.) 

5.  Mount  the  dividing  instrument  upon  the  centre  column,  and 
with  the  telescope  determine  the  correct  position  for  the  zero 
division  of  the  divided  circle,  to  insure  equalizing  the  cut  at  each 
joint  surface,  and  clamp  the  circle  in  this  position.  The  next  move 
is  to  secure  a  straight-edge  or  parallel  to  the  floor  plate  in  such  a 
position  that  its  front  edge  is  in  exact  alignment  with  what  is  to 
be  one  finished  joint  surface.  The  location  of  the  straight-edge 
is  determined  by  the  dividing  instrument  and  by  the  use  of  a 
special  target  which  rests  upon  the  top  of  the  straight-edge  and  has 
a  zero  Hne  exactly  in  alignment  with  a  shoulder  w^hich  touches 
the  front  of  the  straight-edge.  (See  Fig.  100.)  Another  straight- 
edge is  then  to  be  secured  to  the  floor  plate  under  the  other  joint 
of  the  section,  and  its  front  edge  must  be  set  at  exactly  sixty 
degrees  from  the  first  straight-edge ;  its  position  being  determined 
by  the  dividing  instrument  and  the  special  target  used  in  the 
pre\dous  case.  The  accuracy  of  the  location  of  both  straight- 
edges being  demonstrated  by  proof  surveys,  we  are  ready  for 
planing  the  joint  surfaces. 

Planing  the  Joint  Surfaces. 

6.  For  the  joint  planing  operation  let  us  use  a  portable  vertical 
slotter  or  planer  having  the  front  edge  of  its  base  exactly  parallel 


302  USE  OF  A  SURVEYING  INSTRUMENT  IN  MACHINE  SHOP  PRACTICE. 

with  the  horizontal  travel  of  the  tool  slide.  Secure  the  portable 
slotter  upon  the  floor  plate  with  the  front  edge  of  its  base  exactly 
parallel  to  the  front  edge  of  the  straight-edge ;  the  accuracy  of  the 
setting  being  easily  determined  by  a  pin  gauge,  and  the  fine  adjust- 
ment being  obtained  by  screw  jacks  bearing  against  the  base  and 
stop  lugs  inserted  in  the  floor  plate.  While  the  roughing  cuts  are 
being  made  upon  one  joint  surface,  set  a  second  portable  slotter 
by  the  other  straight-edge  in  the  same  manner  and  proceed  with 
the  roughing  cuts  at  this  end.  In  order  that  the  workman  while 
roughing  may  not  cut  beyond  what  should  be  the  finished  joint 
surface,  it  is  advisable  to  scratch  a  finish  line  on  the  rim  section 
at  each  joint,  but  the  setting  of  the  tool  for  its  finishing  cut  is 
more  easily  and  accurately  made  by  the  use  of  the  telescope  of 
the  dividing  instrument  than  by  any  other  plan  yet  tried. 

7.  Before  setting  the  tool  for  the  final  finishing  cut  it  may  be 
thought  advisable  to  prove  the  surface  of  the  last  cut — a  much 
simpler  matter  than  at  first  appears.  Let  us  suppose  the  last  cut 
has  left  tw^o-hundredths  inch  stock  to  be  removed  and  that  we  have 
a  target  Avith  a  centre  line  adjustable  in  a  line  parallel  with  one 
edge.  By  resting  the  edge  of  the  target  against  the  surface  and 
adjusting  its  centre  line  until  it  exactly  cuts  the  centre  of  the  cross 
lines  of  the  telescope  when  set  at  the  correct  angle,  we  can  survey 
the  joint  surface  and  prove  that  it  is  or  is  not  parallel  with  what 
is  to  be  the  finished  joint  surface.  If  the  surface  be  found  correct, 
the  finishing  cut  can  be  made  at  once;  if  there  be  an  error,  proper 
adjustment  of  the  portable  slotter  must  be  made  and  the  joint 
surface  again  surveyed  after  taking  a  liglit  cut.  The  accuracy  of 
the  finished  joint  surface  can  easily  be  determined  by  the  dividing 
instrument  with  suitable  targets. 

Cutting  the  Keyway. 

8.  If  the  keyway  is  to  be  cut  parallel  with  the  face  of  the  rim 
section,  the  operation  can  be  performed  by  a  portable  horizontal 
milling  machine  or  a  portable  slotter  having  a  horizontal  move- 
ment to  the  tool  slide — the  correct  setting  of  either  machine  to  be 
governed  by  the  straight-edge  attached  to  the  floor  plate,  and  the 
exact  vertical  location  of  the  keyway  determined  by  a  surface 
gauge. 

If  the  keyway  is  to  be  cut  parallel  with  the  axis  of  the  rim 
section,  the  portable  slotter  can  be  used  advantageously  and  the 
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exact  distaiifo  of  the  k(n\vav  from  the  centre  of  the  i-iii<!'  (h'lcr- 
mined  bv  n  pin  gauge  calibrating  from  the  tool  to  a  pin  inserted 
in  the  taper  hole  of  the  centre  column. 

Drniing  Ihe  Boll   JTohs. 

0.  The  axes  of  the  bolt  holes  should  \)v  perpendicular  to  the 
joint  surface,  and  they  can  easily  be  made  so  if  the  front  edge  of 
the  portable  horizontal  drilling  machine  be  perpendicular  to  the 
travel  of  the  spindle  and  the  base  of  the  machine  set  parallel  to 
the  straight-edges  attached  to  the  floor  plate.  The  exact  position 
of  each  hole  is  better  determined  bv  a  lie;  located  bv  the  keywav 
and  a  scratched  centre  line;  but  if  the  jig  is  thought  too  expensive, 
the  holes  can  be  quite  easily  laid  out  in  the  usual  way. 

Tlie  Other  Bincj  Seciions. 

10.  For  each  of  the  other  five  sections  the  same. process  should 
be  gone  through,  and  it  will  be  found  much  easier  to  adjust  the 
centre  column  and  straight-edges  than  to  attempt  to  locate  each 
section. 

Testing  PoHahle  Machine  Tools. 

11.  By  the  aid  of  the  dividing  and  levelling  instrument  it  is  easy 
to  test  the  accuracy  of  portable  machine  tools.  In  the  case  of  a 
portable  vertical  slotter  the  vertical  travel  of  the  tool  slide  can  be 
determined  by  setting  the  instrument  so  that  the  cross  lines  of  the 
telescope  exactly  cut  a  line  drawn  upon  the  tool  block  when  at  its 
lowest  position.  Elevate  the  tool  slide  to  its  highest  point,  tip 
the  instrument,  and  note  the  position  of  the  line  on  the  tool  block 
in  relation  to  the  cross  line  of  the  telescope.  If  the  tool  travel  is 
in  a  line  perpendicular  to  the  base,  and  the  instrument  has  been 
properly  levelled,  there  will  be  no  variation  in  the  reading.  If 
the  tool  travel  is  not  perpendicular,  the  instrument  indicates  the 
error,  and  correction  can  be  made  in  the  portable  tool  itself  or 
shims  can  be  used  under  the  base  to  correct  the  error.  To  test 
the  parallelism  of  the  transverse  travel  of  the  tool  slide  with  the 
front  edge  of  the  base  of  the  machine,  set  the  front  edge  of  the 
base  parallel  with  a  straight-edge  secured  to  the  floor  plate  in  a 
surveyed  position — one  edge  of  the  straight-edge  being  approxi- 
mately perpendicular  to  the  tool  slide.  Adjust  the  tool  slide  until 
it  is  exactly  perpendicular  to  the  straight-edge  by  the  scratched 
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line  as  determined  by  the  telescope.  A  transverse  movement  of 
the  tool  slitk'  to  its  near  and  far  position  will  indicate  any  error; 
if  one  be  found,  it  is  best  to  correct  the  machine  by  planing  or 
scraping,  as  may  be  necessary. 

12.  To  test  the  spindle  travel  of  a  portable  horizontal  drilling 
machine,  set  the  instrument  to  cut  the  line  of  a  target  attached  to 
the  end  of  the  spindle,  and  survey  the  spindle  in  its  different  hori- 
ijontal  positions.  The  vertical  travel  of  the  spindle  slide  can  be 
determined  by  locking  the  spindle  in  one  position  and  moving  the 
slide  up  and  down,  the  same  as  for  testing  the  slotter.  Other 
portable  machines  can  be  tested  by  similar  means,  and  the  result 
of  the  tests  can  be  depended  upon  if  the  instrument  is  accurately 
made  and  the  errors  in  the  subdivisions  of  the  circle  are  known. 

Practical  Application  of  the  Method. 

13.  The  method  described  has  been  practically  applied  to  some 
of  the  mechanical  operations  incident  to  the  manufacture  of  the 
eight  5,000  kilowatt,  alternating  current,  engine  type,  3-phase 
generators  built  for  the  Manhattan  Railway  Company  by  the 
Westinghouse  Electric  and  Manufacturing  Company. 

The  approximate  dimensions  of  some  of  the  principal  pieces  of 
one  of  these  generators  are  shown  in  Figs.  96,  97,  and  98.  The  ex- 
treme height  from  the  bottom  of  the  bed  to  the  top  of  the  yoke 
is  42  feet,  and  the  greatest  horizontal  distance  over  all  is  44  feet. 
The  bed  plate,  43  feet  long,  has  two  parts,  securely  keyed  and 
bolted  together,  each  21  feet  6  inches  long  by  10  feet  3  inches  wide 
by  2  feet  thick. 

The  stationary  element,  or  armature,  has  six  principal  sections — 
two  lower,  two  middle,  and  two  upper — all  securely  keyed  and 
bolted  together;  the  bore  being  34  feet,  approximately. 

The  revolving  element,  or  field,  consists  of  many  pieces,  the  prin- 
cipal ones  being  the  cast-steel  hub,  the  two  web  plates  of  six  pieces 
each,  and  the  four  ring  sections.  The  diameter  of  this  element 
is  27  feet  8  inches  over  rim  sections,  and  32  feet  over  all. 

The  total  weight  of  the  stationary  and  revolving  elements  of 
this  machine  (without  the  shaft)  exceeds  1,000,000  pounds,  or  500 
tons. 

14.  After  the  preliminary  design  of  these  machines  had  been 
determined  upon,  it  was  apparent  that  the  buildings,  travelling 
cranes,  and  machine  tool  equipment  then  iii  service  at  East  Pitts- 
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bnrg  were  inadequate  for  the  work.  A  new  building  was  there- 
fore erected,  and  electric  travelling  cranes  were  provided,  having 
ample  capacity  and  mounted  on  runways  of  sufficient  height  to 
give  the  crane-bridge  the  necessary  clearance  over  the  top  of  the 
generators.  It  was  also  apparent,  after  carefully  studying  the 
design,  that  some  of  the  machining  operations  could  best  be  per- 
formed by  the  use  of  portable  machine  tools,  while  for  others 
stationary  machine  tools  would  do  the  work  more  advantageously. 

15.  For  the  operations  to  be  performed  by  portable  tools,  and 
for  the  erection  of  the  machines,  a  surface  floor  plate  was  con- 
sidered a  necessity,  and  the  one  provided  is  48  feet  wide  by  176 
feet  long;  weight,  about  2,000,000  pounds.  This  floor  plate  con- 
sists of  132  cast-iron  sections,  each  8  feet  square,  of  box  section 
heavily  ribbed,  keyed,  and  bolted  together — provision  being  made 
for  the  removal  of  any  broken  section,  should  such  a  mishap  occur. 
The  plate,  well  grouted,  rests  upon  transverse  brick  piers  12  feet 
deep  built  upon  a  solid  bed  of  concrete,  about  3  feet  6  inches  thick. 
The  brick  piers  are  4  feet  apart,  centre  to  centre,  tied  together 
at  suitable  distances  by  brick  arches,  and  the  space  between  the 
piers  is  filled  in  to  within  5  feet  of  the  under  side  of  the  cast-iron 
plates.  The  filling  between  the  piers  is  covered  by  a  layer  of 
concrete,  having  enough  pitch  to  properly  drain  into  a  longitudinal 
tunnel  at  one  side  of  the  plate.  There  are  numerous  rows  of 
drilled  and  reamed  holes  for  stop  lugs,  and  tee  slots  extend  the 
whole  length  of  the  floor  plate,  with  numerous  cored  holes  at  the 
bottom  of  the  slots  to  permit  the  chips  to  fall  through  into  the 
transverse  tunnels.  The  longitudinal  tunnel  has  numerous  trap 
doors  through  which  the  chips  can  be  taken  out,  and  by  a  suitable 
sewer  connection  it  is  possible  to  thoroughly  clean,  wash,  and 
drain  this  tunnel  whenever  necessary. 

16.  The  principal  portable  machine  tools  used  were  vertical 
slotters  or  planers  having  a  stroke  of  8  feet,  a  small  horizontal 
adjustment  of  the  tool  slide,  a  transverse  tool  travel  of  4  feet — the 
column  having  a  horizontal  adjustment  of  4  feet;  horizontal  dril- 
ling machines  having  a  vertical  adjustment  of  8  feet,  the  column 
a  horizontal  adjustment  of  4  feet,  with  spindle  travel  of  4  feet; 
vertical  slot  milling  machines,  radial  drills,  and  small  vertical 
slotters. 

The  principal  stationary  machine  tools  were  a  14-foot  planer, 
8-foot  open-side  planer,  radial  drills  with  10-foot  arm,  16  to  24-foot 
and  16  to  36-foot  extension  vertical  boring  and  turning  mills,  28- 
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foot  vertical  boring  iuid  turning  mill,  122-inch  engine  lathe,  a 
special  floor-boring  machine  carrying  portable  heads,  and  several 
smaller  machines. 

THE    STATIONARY    ELEMENT. 

Bed  Plates. 

17.  The  bottom  and  top  of  bed  plates  were  planed  on  the  14-foot 
planer;  the  joint  surface  and  key  way  on  the  open-side  planer,  and 
the  joint  bolt  holes  were  drilled  on  the  floor  plate  with  portable 
horizontal  drilling  machines. 

Bottom  Sections. 

18.  The  bottom  sections  were  the  most  difficult  to  machine,  and 
a  more  detailed  description  of  some  of  the  operations  on  these 
pieces  will  make  it  unnecessary  to  outline  so  fully  the  operations 
on  the  other  sections. 

By  referring  to  Fig.  96,  it  will  be  noticed  that  the  lower  or  per- 
pendicular joint  is  at  right  angles  to,  and  the  upper  joint  has  a 
portion  parallel  to,  the  bottom  or  base — the  remainder  of  the 
upper  joint  being  at  a  definite  angle  from  the  lower  joint.  The 
rough  casting  was  mounted  on  the  floor  plate,  resting  on  cast-iron 
blocks,  the  bottom  being  set  approximately  perpendicular  to  the 
plate,  as  shown  in  Fig.  99. 

19.  The  proper  location  of  the  section  involved  the  making  of 
numerous  measurements  to  insure  plenty  of  stock  for  finishing — 
this  being  particularly  necessary  for  the  slot  lugs  located  in  the 
bore.  The  centre  column  was  mounted  on  the  floor  plate  and  its 
position  determined  by  tlie  centering  gauge,  as  shown  in  Fig.  99 — 
more  or  less  proof  testing  being  necessary  to  insure  its  exact  loca- 
tion, after  which  it  was  securely  clamped  to  the  plate. 

The  perpendicularity  of  the  faces  of  the  slot  lugs  was  deter- 
mined by  scribing  lines  upon  the  top  surface  of  the  slot  lugs  with 
the  centre  gauge  at  the  proper  elevation,  and  by  lowering  the 
centre  gauge  rest  or  support  similar  lines  were  scribed  on  the  bot- 
tom surfaces  of  the  slot  lugs — scale  measurements  being  accurate 
enough  to  prove  this  setting,  after  which  the  bottom  section  was 
bolted  to  the  floor  plate.  The  dividing  instrument  was  then 
mounted  upon  the  column,  properly  levelled,  and  finish  lines 
scribed  at  each  joint  surface. 

Straight-edges  were  then  secured  to  the  floor  plate  in  their  exact 
24 
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position — one  edge  of  ench  beini^  set  exactly  perpendicular  to  the 
desired  finished  joint  surface,  the  position  of  these  straight-edges 
being  determined  by  the  dividing  instrument  and  suitable  target, 
as  shown  in  Figs.  100,  101,  and  104. 

20.  After  proving  the  exact  position  of  these  straight-edges,  the 
portable  slotters  were  set  in  their  correct  location,  secured  to  the 


Fig.  101. 


plate,  and  the  roughing  cuts  taken — slotters  often  working  upon 
both  joints  at  the  same  time.  The  accuracy  of  the  rough  planed 
joint  surfaces  was  proved  by  the  dividing  instrument  and  an  ad- 
justable target,  after  which  the  cutting  tool  w^as  set  by  the  instru- 
ment for  the  final  radial  finishing  cut.  For  that  portion  of  the 
upper  joint  of  this  section  parallel  to  the  bottom,  the  slotter  was 
set  by  the  aid  of  the  angle  template,  shown  in  Fig.  101 — a  pin 
gauge  proving  that  the  tool  slide  was  parallel  with  the  angle 
template. 
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Tlio  joint  l)(>lt  liolcs  were  di-illcd  l)v  ilic  jx.rtablc  drills  shown 
in  Fiii.  l(»i'.  tlic  i><.<iti<.n  <.|"  the  Ixilt  holes  boin^  dctcnnincd  \i\  the 
use  of  drill  jigs  loeated  by  keys  an<l  by  a  eentrc  line  Tiic  drill  ji«;s 
^vere  made  reversible  for  drillin":  holes  in  the  faces  of  the  corre- 
sponding joint  surfaces  of  the  connection  sections. 

After  completing  the  operations  upon  the  joint  surfaces,  the 
hnver  sections  were  finislied  upon  the  bottom  on  a  stationary 
planer.     The  next  operation  was  the  drilling  of  the  bolt  hole<  and 


Fig.  102. 

the  drilling  and  tapping  of  the  adjusting  screw  lioles  in  the  bottom 
of  the  section  ujiJer  radial  drills. 

Middle  and  Upper  Sections. 

21.  The  operations  npon  the  joint  surfaces  of  the  middle  and 
upper  sections  were  laid  ont  and  finislied  in  substantially  the  same 
manner  as  were  those  on  the  lower  section;  some  of  them  being 
shown  in  Fias.  10(>.  101.  103,  and  104. 


J^r/'st  As-'^emhUng  of  the  Sto.tionary  Element. 

22.  After  finishing  all  the  principal  operations  upon  the  joints 
of  the  six  sections,  the  two  lower  sections  were  placed  in  position 
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on  the  floor  plate  and  the  lower  joint  bolted  together.  The  two 
middle  sections  were  next  placed  in  position  and  securely  bolted 
to  the  lower  sections.  After  assembling  the  two  lower  and  two 
middle  sections  of  the  first  generator,  it  was  thought  advisable  to 
survey  the  surfaces  of  the  upper  joint  of  the  middle  sections  to  be 
sure  that  they  were  level  and  in  exact  alignment  with  the  centre 
of  the  machine.  These  surfaces  were  found  to  be  so  accurate  that 
surveys  of  the  same  were  not  considered  necessary  on  succeeding 
generators. 

One  of  the  upper  sections  was  next  placed  in  position  and  se- 
curely bolted  to  one  of  the  middle  sections.  As  the  joints  of  the 
upper  section  were  planed  at  an  angle  of  00  degrees,  and  as  the 
bore  was  34  feet,  the  distance  from  the  inner  edge  of  the  horizontal 
joint  to  the  centre  was  17  feet.  If  there  were  not  any  deflection 
the  vertical  joint  would  have  been  exactly  in  alignment  with  the 
vertical  joint  of  the  lower  section,  but  it  was  found  that  the  upper 
joint  over-hung  six-hundredth s  inch  in  the  first  generator,  and  the 
over-hang  in  the  succeeding  seven  generators  in  no  case  exceeded 
eleven-hundredths  inch.  The  total  variation  between  the  genera- 
tors, therefore,  was  five-hundredths  inch.  The  amount  of  over- 
hang was  determined  by  the  use  of  a  plumb  line — the  elevation 
of  the  surveying  instrument  not  being  sufticient  to  permit  its  use. 

23.  The  second  upper  section  was  next  placed  in  position  and 
first  securely  bolted  to  the  middle  section.  After  this  was  done 
an  examination  of  the  upper  joint  was  made,  and  it  was  found 
that  a  very  thin  piece  of  sheet  steel  could  be  inserted  at  the  low^er 
edge  of  the  joint,  while  it  was  tight  at  the  upper  edge.  When 
the  bolts  were  put  in  place  and  well  tightened  the  joint  was  abso- 
lutely tight  all  over,  and  tests  with  the  plumb  line  showed  the 
joint  to  be  exactly  in  alignment  with  the  vertical  joint  of  the  lower 
sections.  The  variation  in  the  alignment  of  the  vertical  joints 
of  eight  generators  did  not  exceed  three-hundredths  inch. 

Careful  measurements  of  the  vertical  diameter  were  made  be- 
fore the  second  upper  section  was  put  in  position,  and  in  every 
case  but  two  it  Avas  found,  after  placing  the  second  upper  section 
in  position,  that  the  tightening  of  the  bolts  of  the  upper  vertical 
joint  actually  increased  the  vertical  diameter  by  an  appreciable 
amount,  although  not  exceeding  five-hundredths  inch  in  any  in- 
stance. This  result  seemed  to  prove  quite  conclusively  that  no 
errors  had  been  made  in  laying  out  the  work  or  in  planing  the 
joint  surfaces.     It  also  proved  to  those  responsible  for  the  work 
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that  the  method  wa;^  ])raetieal,  and  that  the  dividin*;'  iii>truiiient 
eoidd  be  relied  upon  for  aeeurate  results.  Alter  assenihlinii  the 
six  seetions  and  inakiuii-  ])roof  measurements,  the  work  of  ehipping 
the  edc'es  of  the  joints,  broaehinc:  the  sides  of  the  kevways,  and 
fitting  the  keys  was  performed.  Careful  measurements  of  the 
horizontal  and  vertieal  diameters  were  recorded,  and  then  the 
frame  was  taken  apart. 

Seco7id  Assemhlhig  of  the  Stationary  Element. 

24.  The  six  sections  were  next  assembled  on  the  special  floor- 
boring  machine — the  axis  of  the  bore  being  in  a  vertical  position 
(see  Fig.  105).  This  boring  machine  is  48  feet  square  and  has  a 
rotating  table  over  18  feet  diameter,  carrying  various  portable 
tool  heads,  which,  for  large  work,  are  supported  on  arms  having 
suflicient  radial  adjustment  to  bore  up  to  40  feet  diameter.  The 
driving  mechanism  is  entirely  under  the  floor,  Avitli  operating 
levers  at  the  side  of  the  machine.  Current  for  driving  the  motors 
operating  the  feed  mechanism  of  the  portable  tool  heads  is  carried 
up  through  the  centre  of  the  rotating  table,  where  connection  can 
be  made  by  flexible  cables. 

The  assembling  of  the  six  sections  followed  in  the  order  of  the 
first  assembling.  The  lower  sections  were  positioned  by  a  heavy 
angle-plate  securely  fastened  to  the  boring  machine,  which  deter- 
mined the  exact  distance  from  the  centre  to  the  bottom  of  the  gen- 
erator. After  the  sections  were  properly  blocked  and  bolted  to- 
gether, careful  measurements  were  made  of  what  were  the  vertical 
and  horizontal  diameters  when  the  sections  were  first  assembled. 
In  each  case  it  was  found  that  the  former  vertical  diameter  had  in- 
creased twelve-hundredths  inch  and  that  the  horizontal  diameter 
had  not  changed  materially,  showing  that  most  of  the  deflection 
was  in  the  upper  section.  By  numerous  heavy  braces  and  taper 
wedges  the  upper  sections  were  sprung  toward  the  centre  until  the 
diameter  corresponded  with  the  diameter  recorded  during  the  first 
assembling.  The  frames  were  then  bored,  faced,  and  recessed  to 
the  required  dimensions.  The  dove-tailed  slots  for  holding  the 
sheet  steel  laminations  were  planed  and  milled — the  spacing  of 
these  slots  beino-  determined  by  the  table  of  the  boring  machine. 

25.  The  table  was  graduated  as  follows:  In  the  edge  of  the  table 
there  were  360  holes  drilled  one-quarter-inch  diameter,  into  which 
were  driven  brass  plugs.     The  edge  of  the  table  was  slightly  re- 
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oossed  Mild  the  l)r;iss  plnus  fjiccd  jo  pi'olccl  lliciii  from  iiijiirv. 
The  (lividiiiii  mid  Icvidliiii;'  iiistruiiiciit  was  mounted  upon  a  coluiiin 
ai'curaltdy  tittiiiu'  into  a  recess  in  tlie  centre  (d"  the  tahle,  and  a 
tar^t'l  was  set  ii|»  al  (piitc  a  distance  awav.  The  subdivisions  of 
the  circle  were  ohtaiiUMl  hy  rotatiuii'  tlie  table  until  the  cross  line 
(  f  the  t(desc(»j)e  exactly  cut  the  line  on  the  tari»"et  for  each  de<2:ree 
— the  line  then  heini:'  made  on  the  lu'ass  pluu'  l»y  a  special  f»'ra(l- 
uatinii"  tixtur(^  attached  to  tlie  bed  of  the  ma(diine. 

After  the  operations  were  all  ])erfornie(l  on  the  frame  the  six 
•sections  were  taken  apart.  The  sheet-steel  laminations,  ventilat- 
inii'  i)lates,  end  plates,  and  clamping  bolts  were  next  assembled 
with  each  section  of  the  stationary  element. 

^?ul  Plates-  for  Stationary  Element. 

26.  The  end  plates  for  clamping  the  sheet-steel  laminations 
were  made  from  steel  castings  and  wxre  35  feet  T  inches  outside 
diameter  with  16  inches  face.  These  plates  w^ere  turned  on  a 
36-foot  extension  vertical  mill.  The  end  plates  were  carried  on 
plates  mounted  u})on  twelve  outriggers  bolted  to  the  li-foot  table 
of  the  mill.  To  these  outriggers  were  attached  adjustable  shoes 
resting  on  an  annular  bearing  29  feet  diameter,  which  gave  suffi- 
cient support  to  the  outriggers  and  relieved  the  table  of  undue 
strain.  The  driving  mechanism  for  this  mill  w^as  the  same  as  in 
a  16  to  2-1-foot  extension  mill  and  was  not  of  sufficient  strength 
to  permit  of  taking  heavy  cuts. 

27.  A  worm-gear  drive  w^as  recently  provided  having  somewhat 
unusual  sizes.  The  cast-iron  worm  gear  has  180  teeth  made  in  12 
sections  having  15  teeth  each;  pitch  diameter,  33  feet  5  inches; 
face,  13|^  inches.  The  twelve  sections  are  securely  bolted  together 
and  bolted  to  the  outriggers.  The  womn  is  of  cast  iron,  20  inches 
diameter,  20  inches  long,  7  inches  pitch,  single  thread  of  involute 
rack  tooth  form,  30  degrees  included  angle.  The  worm  is  driven 
by  suitable  gearing  and  runs  30  to  63  revolutions  per  minute, 
driving  the  table  one  turn  in  8f,  6,  1,  and  3  minutes;  cutting 
speeds,  at  36  feet  diameter,  13,  19,  28,  and  37  feet  per  minute. 

The  Revolving  Element. 

28.  The  dividing  and  levelling  instrument  was  used  only  on  the 
rim-section  joints  and  to  subdivide  the  circle  for  the  dove-tailed 
slots.     The  joints  w^ere  made  by  the  same  means  as  used  for  the 
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stationary  element  sections.  The  operation  of  subdividing  the 
circle  is  shown  in  Fig.  lOG,  in  whicli  the  instrnment  is  irionntcd  on 
a  centre  column  and  the  lines  are  ruled  on  brass  plugs  by  a  special 
graduating  device. 

The  Dividing  and  Levelling  Instrument. 

29.  The  instrument  in  daily  use  at  East  Pittsburgh  was  designed 
and  made  by  The  Warner  and  Swasey  Company,  of  Cleveland, 


Fig.  106. 

Ohio,  who  kindly  furnished  the  writer  wdth  the  following 
description: 

'^  The  knurled  base  on  which  the  instrument  rests  is  provided 
with  an  internal  thread  for  screwing  it  to  the  cap  of  a  tripod;  or, 
if  it  is  preferred,  a  supplementary  base  can  be  screwed  to  it,  the 
latter  being  provided  with  a  taper  hole  for  readily  centering  the 
instrument  on  a  suitably  designed  cast-iron  column.  The  knurled 
base  has  four  levelling  screws,  by  which  the  body  of  the  instru- 
ment is  attached,  the  usual  supporting  ball  and  socket  joint  being 
provided  in  the  centre  between  the  two. 

^^  In  the  centre  of  the  instrument  are  two  vertical  spindles,  the 
one  fitting  inside  the  other.  The  outer  spindle  carries  the  hori- 
zontal circle  independently  from  the  inner  spindle,  which  carries 
the  supporting  yoke  and  the  telescope.  The  circle  is  provided 
with  clamps  and  slow  motions  so  that  its  0  division  can  be  brought 
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to  nny  position  in  azimuth,  and  thtTc  clanijKMl  in<l(*pcn(icntly  of 
the  telescope.  The  ciivk'  i>  12  inches  outside  diameter,  and  is 
provided  witli  an  inhu<l  -ilvcr  strip  or  band  one-quarter  ineli  wide 


Fig.  KjT. 


divided  into  one-sixth  degrees,  Avhich  are  read  by  vernier  and 
reading  microscope  to  ten  seconds.  The  circle  also  has  a  second 
series  of  graduations,  which  are  read  by  two  opposite  microscopes, 
with  a  magnifying  power  of  twenty-four,  direct  to  one-tenth  de- 
2:ree. 
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30.  "  The  yoke  is  mounted  on  tlie  inner  spindle  and  is  provided 
with  eLamps  and  slow  motions,  so  that  the  telescope  can  be  moved 
to  any  azimuth  position  relative  to  the  circle  and  independently 
of  it.  It  has  two  2-minutc  horizontal  levels,  90  degrees  apart,  for 
quickly  setting  the  instrument.  The  telescope  rests  in  a  cradle 
so  arranged  that  it  can  be  revolved  about  its  long  or  optical  axis, 
the  cradle  resting  in  Y  bearings  which  are  reversible  for  collima- 
tion,  the  line  of  collimation  being  perfect  from  a  distance  of  10 
feet  to  infinitv. 

"  The  telescope  has  an  objective  one  and  one-half  inches  in 
diameter,  a  focal  length  of  eleven  inches,  and  gives,  with  two  eye- 
pieces, magnification  of  15  and  22,  respectively.  The  eye-piece 
has  the  usual  cross  wires  and  focusing  adjustment  with  rack  and 
pinion. 

"  The  cradle  trunnion  carries  a  slow-motion  arm,  w^hich  can  be 
clamped  at  any  position  for  accurate  altitude  setting.  The  strid- 
ing level  is  seven  and  one-half  inches  long,  has  an  air  chamber  and 
divided  scale,  one-tenth-inch  bubble  travel  being  equivalent  to  10 
seconds  of  arc." 

31.  Mr.  Swasey  has  stated  to  the  writer  that  the  greatest  error 
in  the  subdivisions  of  the  circle  of  this  instrument  would  not  ex- 
ceed one  second  of  arc — an  amount  equal  to  0.3072  inch  at  a 
distance  of  one  mile. 

So  manv  uses  have  been  found  for  the  instrument,  and  it  has 
proved  so  valuable,  that  a  second  one  was  recently  ordered  to  be 
on  hand  in  case  of  accidental  injury  to  the  one  now  in  service. 

DISCUSSION. 

3I/\  George  L.  Fowler. — This  method  of  using  a  surveying 
instrument  in  a  machine  shop  can  be  applied  in  almost  every 
one's  practice  in  a  number  of  little  things.  I  found  a  transit 
about  the  handiest  thing  that  I  could  lay  my  hands  on  for 
lining  up  and  levelling  shafting.  One  can  stand  on  the  floor 
with  the  instrument  in  a  fixed  position  and  get  a  line  of  shafting 
running  down  through  a  long  shop  perfectly  straight  and  very 
much  more  nearly  a  true  level  than  is  possible  with  the  ordinary 
methods  of  a  string  measurement  and  the  ordinary  level  which  is 
used  by  millwrights.  I  found,  too,  that  where  I  have  had  a  long 
line  of  separate  pieces  of  counter-shafting  that  I  wanted  to  get 
in  line  with  the  main  shaft,  that  by  simpl}^  taking  an  offset  with 
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the  transit  and  koe})in<;  that  in  line,  I  couhl  l)rin<^-  all  ol"  the 
counter-shafting  in  pamllel  with  the  main  line  and  make  it  level 
at  different  hei<^hts,  and  do  that  work  in  less  than  half  the  time 
that  would  be  re(]uired  to  put  up  shaftin<j;in  the  ordinary  way.  I 
also  used  it  for  leveling'  engine  beds  and  large  pieces  of  machinery 
in  the  same  way.  A  level  or  transit  once  accurately  iixed  is 
worth  a  great  deal  more  than  the  oi'dinary  spirit  level. 

Mr.  Fred  J.  Miller. — About  twenty  years  ago  1  had  some 
similar  experience  in  lining  up  some  long  lines  of  shafting  with 
a  transit,  which  was  also  a  theodolite,  so  arrangeil  that  the  teles- 
cope rested  in  Y  bearings,  and  could  be  reversed  ;  it  had  a  good 
level  upon  it.  There  Avere  several  long  lines  of  shafting,  and 
they  had  been  lined  up  every  year  when  the  factory  shut  down. 
They  did  it  in  the  old  Avay  with  carpenters'  levels,  and  every 
year  it  seemed  to  be  necessary  to  alter  the  levels  of  those  bear- 
ings. The  level  indicated  that  they  needed  alteration.  At  the 
time  I  speak  of,  Ave  tried  the  transit  and  leveled  the  line  shaft 
with  it,  using  the  good  level  that  Avas  on  that  instrument.  The 
next  year  they  supposed  it  AA^as  necessary  to  line  the  shafting 
again  as  usual,  but  Avhen  they  came  to  put  the  transit  on  the  sec- 
ond year  the  shaft  did  not  need  any  lining  up ;  that  simply  indi- 
cated that  Ave  had  AA^th  the  transit  really  lined  it  for  the  first 
time  and  that  it  stayed  in  position.  It  also  shoAved  that  Avhich 
I  think  is  generally  the  case — i.e.^  that  in  the  shop  it  is  not  gen- 
eralh"  appreciated  Avhat  a  really  faulty  instrument  of  precision 
the  ordinary  leA^el  is.  It  is  nowhere  near  precise.  It  Avon't 
shoAv  "  Avithin  a  row  of  apple  trees"  Avhether  you  are  leA^el  or 
not,  but  a  good  leA^el  such  as  is  put  on  an  engineer's  instrument 
will  really  shoAA^  you  AA'hether  a  line  is  level  or  not. 

Mr.  F.  H.  Boyer. — About  eight  years  ago  I  laid  out  a  new 
device  in  abattoir  Avork  for  the  handling  of  slaughtered  hogs, 
Avhere  the  men  Avere  working  nearly  as  close  as  Ave  are  in  this 
room.  It  consisted  of  shafting,  pulleys,  an  overhead  railroad, 
and  a  great  many  different  devices.  While  the  men  were  pro- 
ceeding with  the  slaughtering  on  the  floor,  the  work  Avas  laid 
out  with  a  transit,  and  Avhen  it  Avas  started  up  there  Avas  not  a 
hitch  of  any  sort. 

Mr.  P.  A.  Sanguinetti. — The  members  have  spoken  a  great 
deal  about  the  use  of  a  leveling  instrument  for  leA^eling  shafting. 
It  might  be  of  interest  to  some  of  them  to  knoAv  that  there  Avas 
a  case  Avhere  a  leveling  instrument  was  used,  not  to  level  a  shaft- 
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ing,  but  to  insure  its  being  stniight  when  out  of  level.  I  refer 
to  the  machinery  liall  in  the  Centennial  Exposition  in  Philadel- 
phia. The  ground  was  something  like  two  feet  out  of  level,  and 
the  engineers,  to  save  expense,  made  the  building  to  suit  the 
slope,  and  the  shafting  had  to  be  parallel  with  the  floor.  A  sur- 
veying instrument  was  used  there  to  great  advantage.  The 
proper  angle  was  calculated,  and  the  ordinates  set  up  by  sight- 
ing. I  do  not  suppose  many  of  the  younger  members  would 
know  of  such  an  instance  where  a  leveling  instrument  was  used 
to  set  up  a  shaft  out  of  level. 

Mr.  C.  C.  Tyler. '^ — I  am  Avell  aware  of  the  fact  that  the  sur- 
veyor's transit  and  level  have  been  used  for  a  number  of  years 
for  the  leveling  of  shafting,  planer  beds  and  engines,  but  I  had 
not  heard  of  using  a  dividing  and  leveling  instrument  for  laying  out 
large  work,  orforsetting  and  proving  portable  machine  tools,  before 
I  decided  upon  its  use  for  the  work  described  in  this  paper.  It  was 
the  use  of  the  instrument  as  applied  to  setting  portable  tools  to  in- 
sure their  being  exactly  perpendicular  to  the  surface  floor  plate, 
and  in  the  correct  position  to  obtain  exact  angles  when  machin- 
ing the  joints  of  large  machines,  that  I  thought  might  prove  of 
interest  to  the  members.  New  uses  for  the  instrument  are  often 
found,  new  ways  of  locating  tools  which  insure  very  accurate 
work,  and  it  has  proved  of  particular  advantage  in  making  sub- 
divisions of  the  circle.  You  will  note  on  the  last  page  of  the 
paper  its  circular  divisions  have  an  almost  inappreciable  error, 
about  three- tenths  of  an  inch  to  the  mile,  and  when  carefully 
used  the  finished  work  on  large  machines  should  be  sufficiently 
accurate  for  practical  requirements. 

*  Author's  closure,  under  the  Rules. 
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nOTAPxY  PUMPS. 

BY  JOHN  T.   WILKIN,  CONNEItSVII.LE,   IND. 

(Member  of  the  Society.) 

1.  The  writer  lias  been  searching  diligently  for  the  past  sixteen 
years  for  information  about  rotary  pumps,  in  order  to  have  the 
benefit  of  the  experience  of  others.  The  greatest  amount  of  infor- 
mation was  found  in  the  United  States  Patent  Office  Records,  and 
in  Professor  Peuleaux's  "  Kinematics  of  Machinery,"  transLated 
and  edited  by  A.  B.  W.  Kennedy,  C.E.,  and  published  in  1876  by 
MacMillan  &  Co.,  London — a  book  which  has  been  out  of  print 
for  some  time  and  is  very  difficult  to  obtain.  In  this  work  Pro- 
fessor Keuleaux  cites  records  of  the  use  of  this  pump  as  early  as 
1630,  the  pumps  described  having  two  impellers,  each  of  which 
had  four  lobes  or  teeth;  and  he  shows  and  discusses  many  forms 
of  rotary  positive  machines,  some  of  which  were  intended  for 
steam  engines,  some  for  pumps,  and  other  for  blowers.  This  book 
contains  the  most  comprehensive  history  and  discussion  of  rotary 
machines  that  the  writer  has  been  able  to  obtain. 

2.  The  development  and  commercial  use  of  rotary  pumps  kept 
pace  with  the  other  types  until  about  thirty  or  forty  years  ago, 
when  they  became  quite  unpopular,  largely  due  to  the  fact  that 
they  were  misapplied,  and  because  the  manufacturers  undertook 
to  produce  them  too  cheaply  in  order  to  compete  with  centrifugal 
pumps,  making  the  contact  surfaces  of  the  impellers  unfinished 
castings.  The  misapplication  was  in  using  small  capacity  ma- 
chines for  high  pressures,  resulting  in  a  large  per  cent,  of  leakage 
and  developing  weakness  of  construction. 

3.  The  writer,  after  a  careful  study  and  analysis  of  the  different 
forms  shown  in  the  above-mentioned  records,  and  also  those  which 
were  on  the  market  at  that  time,  decided,  about  ten  years  ago, 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
adions. 
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that  a  rotary  pump  having  two  similar  impellers,  the  contours  of 
which  were  formed  by  complete  epi-  and  hypo-cycloids,  would 
make  a  machine  which  would  give  excellent  results  if  properly 
constructed  and  a])plied.  i'ig.  108  sliows  a  cross  section  of  such  a 
pump,  which  is  designated  as  a  two-lobe  cycloidal  pump,  and  it  is 
this  form  which  will  be  principally  discussed  in  this  paper. 

4.  The  writer  has  proceeded  with  the  belief  that  a  rotary  pump 
is  a  good  device  for  moving  large  volumes  of  fluids  at  low  or 
moderate  pressures,  and  has  avoided  using  them  on  high-pressure 
work.     This  form  was  selected  for  the  following  reasons,  viz. : 


Fig.  108. 


The  outlines  of  the  impellers  are  mathematically  correct,  hence 
the  clearance  can  be  made  uniform. 

The  shape  admits  of  a  strong  casting  in  a"  single  piece,  thus 
avoiding  internal  fastenings  or  joints. 

The  impellers  revolve  freely  in  their  cylinders,  hence  there  is 
no  internal  friction,  packing,  nor  necessity  for  lubrication. 

The  minor  axis  of  the  impeller  is  large  enough  to  permit  the 
use  of  a  shaft  of  ample  diameter,  leaving  sufficient  metal  for  a 
good  hub,  and  at  the  same  time  giving  a  relatively  high  capacity 
to  a  machine  having  a  given  distance  between  the  shaft  centres. 

There  is  no  sudden  change  of  work  on  these  impellers  nor  in  the 
pump  as  a  whole. 
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There  is  no  tendency  to  form  enclosc^l  pockets  between  the  im- 
pellers in  which  the  lluid  would  be  compressed,  causing  unneces- 
sary work. 

5.  It  is  a  remarkable  fact  that  all  of  the  principal  rotary  pumps 
on  the  market  at  that  time  were  so  arranged  that  there  were  two 
or  more  points  of  contact  between  the  impellers  in  certain  portions 
of  the  revolution,  thus  forming  compression  spaces,  the  same  as 
in  the  case  of  a  pair  of  gears  used  as  a  pump.  This  reduction 
of  volumes  when  the  pump  is  used  for  liquids  is  very  destructive 
in  its  eifect,  and  was  recognized  by  certain  designers,  who  provided 
grooves  in  the  end  plates  connecting  these  spaces  Avith  the  suction 
side  of  the  pump,  thus  relieving  to  some  extent  the  shock. 

The  displacement  per  revolution  of  a  two-lobe  cycloidal  pump 
is  exactly  the  volume  of  the  cylinder  in  which  the  impeller  re- 
volves; or,  in  other  words,  the  area  of  a  two-lobe  cycloidal  im])eller 
is  one-half  the  area  of  the  circumscribed  circle.  This  fact  makes 
it  possible  for  this  form  to  be  used  as  a  meter,  the  displacement 
of  which  can  be  very  accurately  determined. 

6.  The  discharge  from  the  pump  is  continuous  but  not  uniform. 
One  of  the  errors  whicli  has  been  committed  in  connection  with 
rotary  pumps  is  that  their  manufacturers  have  claimed  the  dis- 
charge to  be  uniform.  Figs.  109  and  110  show  diagrams  of  the  path 
of  contact  betw^een  the  two  impellers,  and  the  variation  of  work 
on  each  one,  also  the  variation  of  the  combined  w^ork  of  both.  The 
base  line  in  Fig.  110  is  a  development  of  the  pitch  circle,  the  radius 
of  which  in  this  case  is  2  inches.  If  the  length  of  the  impellers 
be  assumed  as  unity,  the  capacity  of  the  pump  per  revolution  is 
represented  by  the  area  enclosed  between  the  base  line  and  the 
line  2^  inches  above.  The  dotted  curved  line  in  Fig.  110  represents 
the  variation  of  work  of  the  impeller  shown  in  dotted  lines  in  Fig. 
109,  while  the  lower  full-curved  line  in  Fig.  110  represents  the 
work  of  the  opposite  impeller.  The  upper  curve  represents  the  com- 
bined work  of  both  impellers.  The  distance, between  the  ordinates 
represents  the  travel  at  the  pitch  line,  also  the  travel  of  the  point 
of  contact  in  the  circumference  of  the  small  generating  circles. 
This  diagram  was  made  to  determine  the  amount  of  water  which 
must  be  absorbed  and  given  off  by  the  air  chambers  when  the 
pump  is  used  on  liquids  and  the  areas  between  the  upper  curved 
line  and  the  line  of  mean  discharge  enable  us  to  determine  this 
quantity.  It  will  be  noticed  that  the  point  of  maximum  discharge 
is  ten-ninths  and  the  point  of  minimum  discharge  is  eight-ninths 


388 


ROTARY   PUMPS. 


OS 

o 


I— I 

fa 


L_.._,._.^, _Jk 


N 

<— --5;i--^i 

/            1 

A    '      ^ 

r  '"■'■ 

y 

'  / 

\ 

y 

y 

h 

\ 

/       \ 

\     / 

\/._ 

^J_ i 

A                         ; 

/\                      / 

j    \ 

/ 

\ 

/ 

\  /' 

/             V              1 

T 

..\ 

\ 

/\ 

\ 

\  ■''       ^ 

\'           \ 

r 

\ 

/~-           / 

/  ^       / 

/ 

\          / 

/ 

\  / 

i 

y 

1 

I 

\ 

/  \ 

\ 

\       / 

\         /                                                                        ^ 

y 

j\                              i 

/\                        / 

/               \                                                 x^ 

/              \                                  • 

/ 

\ 

/ 

\  /' 

/            V             1 

( 

A 

\ 

/\ 

\ 

\    /            \    1 

V             \\ 

V               N 

C5 


ROTARY    PL' MPS.  38l.» 

of  the  moan  tliscliarge.  The  work  on  each  impeller  varies  from 
zero  to  a  maximum  shown  2  inehes  above  the  base  line.  The 
minimum  work  of  the  pump  occurs  when  the  impellers  arc  at 
right  angles  to  each  other,  as  in  this  position  one  impeller  is  bal- 
anced and  the  o])posite  one  is  at  its  point  of  maximum  work.  The 
position  of  maximum  combined  work  of  the  two  impellers  is  when 
their  major  axes  are  parallel  to  each  other  and  at  angles  <.f  forty- 
five  degrees  to  the  line  of  centres. 

7.  Assuming  one  of  the  shafts  to  be  the  driver,  the  work  trans- 
mitted by  the  gears  varies  with  the  work  of  the  driven  impeller. 
The  maximum  gear  transmission,  therefore,  is  eight-ninths  of  the 
mean  work  of  the  pump. 

The  area  which  each  impeller  presents  to  the  working  pressure 
is  variable,  as  is  also  the  direction  of  the  resultant  pressure,  the 
maximum  area  of  the  impeller  being  exposed  to  the  full  difference 
of  pressure,  under  which  the  machine  is  working,  when  the  major 
axis  of  the  impeller  is  parallel  to  the  line  of  shaft  centres.  The 
points  of  contact  with  the  cylinder  and  with  the  other  impeller  are 
on  the  centre  line  at  this  point,  and  the  impeller  is  in  a  balanced 
position  doing  no  effective  work,  so  that  in  this  position  the  total 
load  due  to  the  pressure,  plus  the  weight'  of  the  moving  parts,  is 
downward  or  at  right  angles  to  the  line  of  centres.  As  the  im- 
peller leaves  this  position  the  direction  of  pressure  and  the  ex- 
posed area  vary  until  the  impeller  reaches  a  position  at  right  angles 
to  the  line  of  centres,  where  it  has  its  maximum  unbalanced  area 
exposed,  and  also  where  it  undergoes  a  change  in  direction  of 
pressure,  due  to  the  passing  from  suction  to  the  discharge,  of  the 
inclosed  volume  of  fluid  between  it  and  the  cvlinder. 

8.  In  designing  rotary  pumps  one  of  the  principal  problems  to 
be  solved  is  the  proper  provision  for  supporting  the  impellers. 
They  are  supported  by  their  shafts  resting  in  journal  bearings 
separated  from  the  cylinders  by  stuffing  boxes;  hence,  the  problem 
is  a  modification  of  the  beam  supported  at  the  ends  and  carrying 
a  load  varying  in  intensity  and  direction,  the  load  being  distributed 
over  a  portion  of  its  length.  This  problem  can  hardly  be  solved 
by  any  other  method  than  experience,  but  when  properly  solved 
the  rotary  pump  has  proven  itself  to  be  an  excellent  device  for 
moving  large  volumes  of  fluids  against  moderate  pressures.  The 
designer  of  rotary  pumps  is  not  compelled  to  consider  a  multi- 
plicity of  valves,  ports,  etc.,  such  as  is  met  with  in  the  design  of 
reciprocating  machinery,  nor  does  he  have  the  problem  of  veloc- 
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ities,  centrifugal  force,  fluid  friction,  accurate  balancing,  etc.,  as 
encountered  in  designing  centrifugal  machines. 

We  have  up  to  this  time  used  the  word  pump  in  its  broader  sense, 
but  in  considering  the  uses  of  rotary  pumps  the  machines  used  for 
elastic  fluids  should  be  discussed  apart  from  those  used  for  liquids. 
The  action  of  a  rotary  pump  or  blower  as  an  air  compressor  is 
practically  the  same  as  the  action  of  a  duplex,  crank-and-fly-wheel, 
double-acting,  piston  compressor  which  has  mechanically  operated 
valves  opening  and  closing  at  the  beginning  and  end  of  the  stroke, 
assuming  the  piston  machine  to  have  no  clearance  spaces.  There 
is,  therefore,  no  gradual  compressing  of  air  in  a  rotary  machine, 
and  the  unbalanced  areas  of  the  impellers  are  working  against  the 
full  difference  of  pressure  at  all  times.  The  possible  efficiency 
of  such  a  machine  under  ordinary  temperature  and  conditions  of 
atmosphere,  assuming  no  mechanical  friction,  leakage,  nor  radia- 
tion of  heat  of  comj^ression,  would  be  as  follows : 

Compression  to  one   pound  gauge  pressure  97i  per  cent. 


*'  two 

95i 

"  three 

93,^0       " 

*'  four 

91h       " 

"  five 

90 

''  ten 

82fo       " 

"  fifteen 

:6^       " 

9.  Regardless  of  the  above  facts,  concerning  the  efficiency  of 
this  type  of  machine  as  an  air  compressor,  a  manufacturer  re- 
cently issued  a  catalogue,  from  which  the  following  paragraph  is 
taken : 

"  The  machine  illustrated  (patent  pending)  is  constructed  to 
stand  a  pressure  of  from  fifteen  to  twenty  pounds  per  square 
inch.  In  this  machine  we  use  a  spray  of  water  to  pack  the 
machine  and  prevent  backward  escapement  of  air,  and  at  the 
same  time  absorb  the  heat  caused  by  compression.  The  water  is 
carried  over  into  the  separating  tank  and  automatically  drained 
off.  This  new  device,  after  careful  and  exhaustive  test,  proves 
to  be  all  that  we  expected  of  it,  and  enables  us  to  maintain  fully 
as  high  an  efficiency  under  high  pressures  as  we  can  under  one 
pound  or  less.  For  work  where  a  pressure  of  from  two  to  eighteen 
pounds  is  required,  we  are  ready  to  guarantee  a  very  high .  effi- 
ciency. We  contend  that  the  principle  of  the  rotary  motion 
applied  to  air  under  high  pressure  eliminates  a  vast  amount  of 
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friction,  niid  lionco  woar  mid  t(\ir;  nnd  wlicn  lii2;h  (^ffioicnoios  can 
l)c  obtained,  is  far  more  preferable  in  every  respect  llian  the  Mow- 
ing engine.'' 

10.  This  reference  is  qnoted  to  support  the  position  taken — 
tliat  a  niacliinc^  when  niisa])plied,  cannot  be  made  successful,  and 
such  a  policy  is  sure  to  bring  it  into  bad  repute. 

AVe  consider  a  rotary  machine  of  this  type  out  of  ])\iicv.  when 
working  in  elastic  fluids  at  more  than  iive  pounds  difference  of 
pressure.  The  proper  application  of  rotary  positive  machines 
when  operating  in  air  or  gas  under  diiferences  of  pressures  from 
eight  ounces  to  five  pounds  is  where  constant  quantities  of  fluid 
are  required  to  be  delivered  against  a  variable  resistance,  or  where 
a  constant  pressure  is  required  and  the  volume  is  variable.  These 
are  the  requirements  of  gas  works,  pneumatic-tube  transmission 
(both  the  vacuum  and  pressure  systems),  foundry  cupolas,  smelting 
furnaces,  knobbling  fires,  sand  blast,  burning  of  fuel  oil,  conveying 
granular  substances,  the  operation  of  many  kinds  of  metallurgical 
furnaces,  etc. 

11.  The  efliiciency  of  a  rotary  pump  depends  on  the  size,  the 
speed  at  which  it  is  operated,  the  pressure  under  which  it  is  work- 
ing, and  its  construction.  The  capacity  varies  as  the  square 
of  the  diameter  of  the  cylinders,  or  distance  between  gear  centres, 
and  directly  with  the  length  of  the  impellers  and  cylinders.  The 
principal  leakage  lines  are  the  contact  lines  between  the  impellers, 
and  between  the  impellers  and  cylinders,  as  the  impellers  can  be 
fitted  quite  closely  at  their  ends.  It  is  obvious,  therefore,  that  in 
a  large  machine  the  per  cent,  of  slip  due  to  the  working  pressure 
and  the  clearances  is  less  than  in  a  small  one.  For  example :  One 
blower  has  a  capacity  of  12^  cubic  feet  per  revolution,  its  shaft 
centres  are  16  inches  ajoart,  and  its  impellers  48  inches  long;  an- 
other has  dimensions  just  twice  these,  and  its  capacity  is  100  cubic 
feet  per  revolution,  or  eight  times  as  great.  If  we  assume  the 
machines  to  have  the  same  clearances,  and  running  under  the  same 
speed  and  pressures,  then  the  per  cent,  of  slip  in  the  larger  ma- 
chine would  be  only  one-fourth  that  of  the  smaller,  because  the 
leakage  lines  are  twice  as  long  in  the  larger  machine  and  its  capac- 
ity is  eight  times  the  smaller  one. 

12.  Since  the  leakage  lines  are  exposed  to  the  working  pressure 
at  all  portions  of  the  revolution,  the  slip  is  practically  constant  for 
a  given  pressure  whether  the  machine  be  running  fast  or  standing 
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still.  This  argues  for  as  high  a  speed  for  a  blower  as  is  consistent 
with  successful  mechanical  operation,  because  the  loss  due  to  air 
friction  is  inconsiderable  if  the  ink^t  and  discharge  are,  made 
large.  For  water,  however,  (questions  of  velocities  are  very  im- 
portant, and  the  speed  should  be  reduced.*  The  height  of  a 
column  of  air  of  ecpial  density  necessary  to  produce  a  pressure  of 
one  pound  per  square  inch  would  be  1,895  feet.  If  y—^^2i(jll  — 
8.02  ^/TI•)  then  the  theoretical  flow* at  the  base  of  the  column 
would  be  8.02  times  the  square  root  of  1,895,  or  349  feet  per 
second,  and  for  small  differences  we  assume  that  the  velocity  varies 
as  the  square  root  of  the  pressure.  Therefore,  doubling  the  pres- 
sure doubles  the  load,  and  increases  the  slippage  to  1.41  times 
what  it  was  at  the  original  pressure.  We  have  found  the  above 
assumptions  concerning  the  slippage  in  rotary  blowers  to  be  prac- 
tically correct,  after  having  tested  hundreds  of  them  by  closing 
the  discharge  and  counting  the  number  of  revolutions  of  slippage 
at  different  pressures. 

13.  An  interesting  experience  was  had  with  two  pumps,  each 
to  have  a  capacity  of  25,000  gallons  per  minute  lifted  31  feet, 
coupled  direct  to  a  Corliss  Engine,  running  at  about  67  revolutions 
per  minute.  We  designed  them  with  two  air  chambers  on  the 
discharge  and  two  on  the  suction  side  of  the  pumps,  placing  them 
as  near  as  possible  to  the  impellers,  the  air  chambers  having  con- 
nections to  the  pumps  7  inches  in  diameter.  When  we  began  to 
operate  the  pumps  we  found  that  they  would  run  smoothly  up  to 
50  revolutions  per  minute,  at  which  speed  a  powerful  water  ham- 
mer occurred.  We  attached,  an  indicator  to  the  discharge  side 
of  the  pump,  18  feet  below  the  upper  water  level,  and  found  that 
the  pressure  there  varied  from  5  or  6  pounds  vacuum  to  30  or  40 
pounds  pressure.  The  action  on  the  suction  side  was  similar 
except  that  the  vacuum  was  about  12  pounds  and  the  pressure  rose 
slightly  above  atmospheric  pressure. 

14.  It  was  this  experience  which  led  to  the  production  of  the 
diagram  shown  in  Fig.  110.  It  also  caused  the  writer  to  investigate 
the  practice  concerning  air  chambers  on  piston  pumps,  and  we  were 
surprised  at  the  abuses  committed  by  the  users  of  that  type  of 

*  The  theoretical  velocity  of  air  at  one  pound  above  atmosphere  and  at  a  tem- 
perature of  62  degrees  Fahr.  is  about  349  feet  per  second,  assuming  that  for  small 
differences  of  pressures  (where  there  is  relatively  small  expansion)  the  velocity 
of  flow  follows  the  law  of  falling  bodies.  A  cubic  foot  of  air  at  62  degrees  Fahr. 
at  sea  level  weighs  .076  pound. 
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pumps.  Mr.  F.  !Mcriam  Wlicclcr  lias  l)roii<;ht  this  matter  out 
very  clearly  in  one  of  his  papers/'-'  and  it  wonkl  be  well  if  inanu- 
t'aoturers  and  users  of  reciprocating  pumps  would  follow  his  advice. 

We  corrected  the  deficiency  in  capacity  of  air  chambers  on  the 
above-mentioned  pumps  by  the  addition  of  more  chambers  which 
enabled  us  to  operate  the  pumps  at  a  speed  of  85  to  00  revolutions 
]ier  minute. 

Since  then  we  have  made  pumps  having  capacities  of  35,000, 
40,000,  and  50,000  gallons  per  minute,  which  are  operating  under 
heads  of  from  8  to  25  feet,  and  have  had  no  trouble  from  water 
hammer. 

The  writer  has  taken  many  indicator  cards  from  engines  operat- 
ing rotary  pumps,  and  finds  the  combined  efficienc}^  of  the  pump 
and  engine  to  be  from  80  to  84  per  cent. 

Two  large  pumping  plants  are  now  under  way  near  Beaumont, 
Texas,  for  the  Treadway  Canal  and  Rice  Co.,  from  which  we  ex- 
pect to  get  some  excellent  records,  one  plant  consisting  of  four 
35,000  gallon  pumps,  operating  under  35  feet  head,  direct  coupled 
to  compound  condensing  Corliss  engines;  the  other  plant  consisting 
of  two  70,000  gallon  pumps,  operating  under  10  feet  head,  direct 
coupled  to  tandem  compound  condensing  Corliss  engines.  These 
plants  are  to  be  operated  mtli  oil  fuel,  and  we  hope  to  be  able  to 
make  accurate  duty  tests  of  them  and  place  the  records  of  these 
tests  before  the  engineering  world. 

DISCUSSION. 

3Ir.  II.  M.  lane. — I  would  like  to  inquire  of  Mr.  AVilkin 
what  has  been  the  experience  with  these  pumps  with  regard  to 
scoring  of  the  casing  or  impellers? 

Mr.  Willxln.^ — We  have  had  pumps  running  for  three  or  four 
seasons  in  the  rice  fields  of  Louisiana  and  Texas  with  such  water  as 
comes  from  the  drainage  of  those  fields,  and  the  scoring  is  im- 
perceptible. The  lobes  and  casings  are  covered  with  a  coating 
of  brown  oxide,  under  Avhich  the  tool-marks  are  still  present 
from  the  machining.  In  some  cases  where  the  water  has  con- 
tained gravel,  there  has  been  some  scoring  of  the  ends  of  the 
impellers. 

Prof.   Alhert  Kingsbury. — What  are  the  advantages  of  the 

*  No.  884,  vol.  xxii.,  p.  439. 
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cycloidal  form  over  the  involute  for  the  impeller  ?  The  latter 
has  been  more  often  used. 

Mr.  W'dk'ui. — The  involute  curve  starts  on  a  spiral  form  and 
goes  off  to  infinity,  so  tliat  only  a  portion  of  tlie  curve  can  be 
used  for  the  outline  of  the  hnpeller;  the  ends  are  usually  cut  off 
and  finished  with  the  arc  of  a  circle.  The  cycloid  is  a  curve 
wliich  returns  to  the  pitch  line,  hence  the  whole  outline  of  the 
impeller  can  be  made  of  epi-  and  hypo-cycloids.  With  the  invo- 
lute, the  cutting  off  makes  a  compression  pocket,  because  the 
corner  of  one  curve  keeps  contact  until  the  next  corner  comes 
into  contact,  and  this  has  the  disadvantages  mentioned  in  the 
paper. 

Mr.  Gus  O.  Ilenning. — Will  the  line  contact  which  is  obtained 
by  the  use  of  the  cycloidal  curve  hold  the  water  with  as  little 
slip  as  the  cylindrical  contact  which  is  gotten  with  the  arc  of  a 
circle? 

Mr.  WilMn. — While  the  contact  between  the  impeller  and  cyl- 
inder is  theoretically  on  a  line,  yet  the  radius  of  curvature  of  the 
cycloid  at  that  line  is  nearly  as  long  as  the  radius  of  the  cylinder, 
and  there  is  practically  quite  a  long  tangent  formed  between  the 
cylinder  and  impeller. 

The  contact  between  the  two  impellers  is  formed  by  convex 
and  concave  curves  w^orlring  together,  and  this  results  in  a  longer 
contact  than  if  two  convex  curves  were  w^orking  together. 

Mr.  James  McBride. — There  is  one  point  of  similarity  be- 
tween the  rotary  pump  and  the  centrifugal  pump,  which  is  that 
the  pistons  work  inside  of  a  shell.  I  have  had  no  experience 
whatever  with  the  rotary  pump  as  shown  here,  but  I  have  had 
quite  a  little  with  centrifugal  pumps.  One  of  the  defects  in  the 
construction  of  those  pumps  I  find  is  that  no  ample  provision  has 
been  made  for  the  end  wear  of  the  shaft — nothing  but  a  collar 
on  the  outside ;  sometimes  a  pulley  is  m  ade  to  constitute  one  col- 
lar. In  a  short  time  the  shaft  gets  end  motion  and  wears  off  the 
side  of  the  shell.  Then  you  have  trouble  with  the  pump.  I 
have  come  across  one  that  I  have  used  for  several  years  where 
the  manufacturer  made  no  provision  for  the  end  wear  of  the 
shaft,  so  that  it  jiggles  back  and  forth  between  the  shells  and 
in  a  little  while  w^ears  off  the  sides  of  the  piston  and  there  is  a 
large  amount  of  slip. 

With  reference  to  Mr.  Wheeler's  paper  read  at  the  last  annual 
meeting,  speaking  about  his  air  vessels,  I  took  some  part  in  the 
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lUscussion.  1  think  1  showed  vcrv  clcarlv  th;il  the  (luestioji  of 
ail  air  vessel  on  a  puinp,  either  on  the  reeeiving  side  or  the  dis- 
char«^iug*  side,  was  not  so  much  a  question  of  location  as  a  (jues- 
tion  of  capacity.  I  tliiiik  that  is  borne  out  hv  the  exjxjrience  of 
this  gentleman  with  rotary  pumps,  who  says  lie  has  remedied 
very  had  water  hammer  by  simply  increasing  the  capacity  of  the 
air  vessel.  In  the  i)nmp  that  I  referred  to  in  my  discussion  on 
Mr.  Wheeler's  ])ai)ei',  the  air  vessel  was  put  just  where  Mr. 
Wheeler  says  it  sliouhl  not  be  put,  but  the  result  has  been  pei'- 
fectly  satisfactory.  I  have  had  no  trouble  with  it  at  all,  and 
think  it  is  due,  not  so  much  to  the  location  as  to  the  capacity. 
I  make  this  suggestion  to  the  manufacturers  of  punn)s,  rotary 
as  well  as  centrifugal:  Make  ample  provision  to  prevent  end 
wear  of  pistons. 

Mr.  James  G.  Wuis/uj).— In  reference  to  Mr.  McBride's  state- 
ment, I  want  to  say  that  I  agree  Avith  Mr.  Wheeler — i.e.,  that 
it  does  make  considerable  difference  as  to  the  location  of  the  suc- 
tion air  chamber.  In  Mr.  McBride's  pump  the  location  is  all 
right  for  that  particular  arrangement,  and  no  doubt  it  serves  the 
purpose.  But  if  Mr.  McBride  had  the  opportunity  to  place  the 
suction  air  chamber  in  a  more  favorable  position,  he  would  have 
found  considerable  improvement.  In  locating  an  air  chamber 
on  the  suction  pipe  of  a  pump,  the  idea  is  simply  to  keep  the 
column  of  Avater  in  as  continuous  a  motion  as  possible.  If  you 
place  the  air  chamber  in  the  most  favorable  position,  there  Avill 
be  the  least  resistance  to  the  free  floAV  of  the  water,  and  conse- 
quently smoother  working  of  the  pump  Avill  be  the  result. 

Mr.  McBride. — I  accept  the  gentleman's  explanation.  It  fre- 
quently occurs  that  it  is  almost  impossible  to  put  the  air  chamber 
Avhere  Mr.  Wheeler  suggests;  then  do  the  next  best  thing:  put 
it  as  near  the  pump  as  possible,  and  make  up  in  capacity  what  is 
lacking  in  location.  We  know  by  experience  that  in  putting 
pumps  and  engines  in  factories  Avhich  have  grown  from  small 
units  to  large  ones,  that  we  are  obliged  to  put  machinery  in 
places  Avhere  it  is  a  problem  to  get  it  in  at  all.  In  that  case,  if 
you  cannot  put  the  air  vessel  in  the  theoretically  proper  place, 
put  it  as  near  as  you  can,  and  make  up  by  making  it  of  larger 
capacity. 

Mr.  Wilkin.'^ — Mr.  McBride,  I  believe,  spoke  of  the  end  Avear 

*  Author's  closure,  under  the  Rules. 
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of  tliG  impellers,  and  compared  it  somewhat  with  the  centrifugal 
ty])e.  Of  course  in  our  machines  we  have  very  large  end  surface 
on  the  impellers.  The  speed  is  very  low,  say  60  to  100;  60  in 
the  hirger  pumps,  100  in  tlie  smaller.  Grease  cups  can  be  placed 
on  the  ends  and  give  ample  lubrication.  In  regard  to  air  cham- 
bers on  pum})s,  the  necessity  for  air  chambers  in  pumps  of  the 
positive  type  is  due  to  the  fact  that  a  pump  of  the  piston  type  or 
rotary -positive  type  does  not  take  its  water  uniformly.  It  does 
not  discharge  it  uniformly.  There  is  a  variation  in  the  column. 
Therefore  it  is  a  question  of  inertia  of  those  closed  columns  on 
both  sides.  Now,  any  method  which  will  cut  those  columns  in 
two  and  put  an  elastic  medium  there  near  the  pump,  will  answer 
that  purpose,  because  you  have  done  away  with  the  inertia  of 
the  long  column,  and  have  a  little  short  column  next  to  the 
pump.  Of  course,  in  practice,  if  you  have  an  air  chamber,  it 
should  be  put  where  the  air  will  be  retained  in  the  chamber,  not 
taken  away  by  the  action  of  the  water,  otherwise  the  good  effect 
of  it  will  be  annulled. 

I  thank  joii,  gentlemen,  for  the  interest  you  have  taken  in 
this,  and  hope  that  I  may  be  able  to  present  the  results  of  some 
of  our  large  work  in  an  accurate  way  in  the  future. 
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TJI/^  METRIC  SYSrEM.\ 

BY   F.   A.    IIALSET,    NEW   YOUK  CITY. 

(Member  of  the  Society.) 

1.  The  situation  at  "Washington  rogarding  our  system  of  weights 
and  measures  demands  the  most  serious  consideration.  The  tes- 
timony before  the  House  Committee  on  Coinage,  Weights  and 
Measures  was  overwhehningly  one-sided,  and,  weighing  such  tes- 
timony in  the  only  way  that  Congressmen  can,  the  committee 
could  bring  in  no  other  report  than  the  one  it  did,  recommending 
the  passage  of  the  Metric  System  bill.  Scientific  and  practical 
men  of  the  front  rank,  as  well  as  engineering,  scientific  and  trade 
societies  everywhere,  are  calling  for  this  measure.  The  Western 
Societ}^  of  Engineers,  by  a  mail  ballot,  voted  for  it  by  over  5  to  1. 
The  Franklin  Institute,  with  Samuel  Vauclain,  James  Christie, 
and  Wilfred  Lewis  on  its  committee,  has  also  indorsed  it.  With 
the  report  of  the  Franklin  Institute  were  transmitted  to  the  House 
committee  21  letters  from  ^^  various  large  manufacturing  firms, 
particularly  manufacturers  of  machinery"  (page  104),+  which 
had  been  received  in  answer  to  a  circular  letter  of  inquiry,  of 
which  20  favored  the  metric  system.  To  cap  the  climax,  the  res- 
olutions of  this  Society  at  its  last  spring  meeting  (see  Transactions, 
vol.  xxiii,  page  435),  have  been  interpreted  at  Washington  in  the 
manner  indicated  by  the  following  extract  from  a  news  article, 

*  Presented  at  the  New  York  Meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  "\^olume  XXIV.  of  the 
Transactions. 

t  For  additional  references  on  this  subject  consult  Transactions  as  follows : 
No.  4,  vol.  i.,  page  30:  ''Metric  System."     Coleman  Sellers. 
No.  721,  vol.  xviii.,  page  i92:   "Metric  rersi^s  Duodecimal  System."       Geo.  W. 

Colles. 
No.  258,  vol.  viii.,  page  686:  ''President's  Address."     Coleman  Sellers. 

t  Unless  otherwise  specified  or  obvious  from  the  context,  page  references  are 
to  the  pamphlet  containing  the  testimony  before  the  House  Committee  on  Coin- 
age, Weights  and  Measures. 
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dated  at  Wasliiiigtoii  and  piiLlislied  in  the  Iron  Age  for  June  20, 
11)02 : 

"  The  action  of  the  American  Society  of  Mechanical  Engineers  with  regard  to 
the  metric  system,  which  w;is  fully  reported  in  the  Iron  Age  of  June 5,  has  greatly 
encouraged  the  members  of  the  House  connnittee  and  has  decidedly  improved 
the  prospect  for  the  passage  of  the  metric  system  bill.  *  *  *  Although  the  per- 
sonal bias  of  the  members  of  the  committee  was  well  known,  it  was  assumed  that 
their  action  was  not  without  full  authority,  and  the  resolutions  adopted  by  the 
society  disavowing  the  action  of  these  individuals  and  discharging  the  '  metric 
opposition  committee '  has  been  very  gratifying  to  the  advocates  of  the  pending 
bill." 

2.  The  pro-metric  argument  is,  substantially,  an  a  priori  argu- 
ment. The  metric  advocates  adopt  the  methods  of  the  old 
philosophers  who  laboriously  sought  to  prove  what  ought  to  be. 
My  method  is  that  of  modern  science,  which  interrogates  nature 
in  order  to  learn  what  is.  For  instance,  they  tell  us  how  easily 
and  how  quickly  this  nation  ought  to  make  this  change;  I  shall 
show  how  slowly  and  laboriously  France  and  Germany  have  made 
the  change.  They  will  say  that  we  ought  to  adopt  this  system 
to  please  our  foreign  customers;  I  shall  show  that  our  foreign  cus- 
tomers do  not  care  one  picayune  whether  we  adopt  it  or  not,  and 
I  shall  prove  it  by  a  flood  of  evidence. 

Errors  of  and  Misrepresentations  hij  the  Metric  Advocates. 

3.  In  their  efforts  to  show  how  easily  the  metric  system  may  be 
adopted  by  this  country,  the  metric  advocates  endeavor  to  create 
the  impression  that  it  has  already  made  considerable  progress. 
Thus  Mr.  Stratton,  Director  of  the  National  Bureau  of  Stand- 
ards, stated  at  the  hearings  of  the  House  committee,  that  the 
Carnegie  Steel  Company  were  about  to  issue  a  metric  edition  of 
their  hand-book.  I  quote  here  because  this  is  too  important  to  be 
treated  in  any  other  way.  In  questioning  Mr.  Linnard  Mr. 
Stratton  said  (page  182):  "And  that  the  Carnegie  people  are 
about  to  issue  a  hand-book  in  which  all  the  formulae  are  printed 
in  the  metric  system?     Has  that  been  called  to  your  attention?  " 

4.  Following  is  an  extract  from  a  letter  by  the  Carnegie  Steel 
Company : 

"  In  reply  to  your  inquiry,  we  beg  to  advise  that  we  have  not  issued  a  hand- 
book containing  formula}  according  to  the  metric  S3'stem,  and  have  no  present 
expectation  of  doing  so." 
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Mr.  Stratton  ropoat(Ml  this  stalciiicnt  boforo  tlio  Western  So- 
ciety of  Engineers,'^'  and  with  it  iiindc  anojlici-,  liis  words  being  as 
follows:  '^  The  ]N^ational  Tube  AVorks  lias  one  of  its  largest  mills 
fitted  up  for  the  system.  1'he  Carnegie  people  are  getting  out 
their  hand-book  in  the  metric  system." 

Following  is  a  letter  from  Mr.  P.  C.  Patterson,  ^Mechanical 
Engineer  of  the  National  Tube  Company: 

"I  find  the  following  conditions  prevailing  in  regard  to  the  use  of  the  metric 
system  in  this  company's  business: 

"Lap-welded  pipe  for  foreign  countries  using  the  metric  system  is  made  to 
either  the  American  or  English  standard.  Special  lap-welded  goods  ordered  to 
metric  measurements  are  made  to  the  nearest  fraction  of  an  inch,  no  attempt 
being  made  to  get  closer  than  within  j\.  inch  of  the  dimension  called  for. 

"Seamless  tubes  are  made  to  exact  metric  measurements  when  ordered  by 
metric  measurements." 

On  page  11  will  be  found  the  following  dialogue: 

Mr.  Shafjruth. — Do  the  jewellers  use  the  metric  system  in  France? 
Mr.  Troemner. — In  France?     Oh,  yes. 

Mr.  Shafjroth. — And  wherever  the  metric  system  is  adopted? 
Mr.  Troemner. — Yes,  sir. 

Mr.  Shatjroth. — Wherever  the  metric  system  is  adopted  and  is  in  practical 
operation  is  there  any  other  system  at  all  used? 
Mr.  Troemner. — None  that  I  know  of. 


5.  While  more  will  follow  later,  the  following  extract  from  a 
letter  by  Tiffany  &  Company  will  supply  Mr.  Troemner  with  the 
information  which  he  now  lacks : 

"  In  reply  to  your  letter,  which  we  referred  to  our  Mr.  Kunz,  we  beg  to  state 
that  the  carat  is  the  standard  of  weight  for  gems  all  over  the  world." 

The  above  letter  was  written  in  reply  to  the  categorical  ques- 
tion :  Do  French  and  German  jewellers  use  the  gram  or  the  carat 
in  weighing  diamonds? 

C).  A  favorite  diversion  of  the  metric  advocates  is  to  represent 
the  famous  report  of  John  Quincy  Adams  as  strongly  pro-metric. 
Thus  !Mr.  Tittman  (page  32)  said:  "  Mr.  John  Quincy  Adams,  who 
gave  four  years  to  the  preparation  of  his  report,  speaking  in  the 
most  glowing  terms  of  the  metric  system,  said  that  if  it  could  only 

*  See  Journal  of  the  Western  Society  of  Engineers,  August,  1902,  page  344. 


400  THE   METiaC    SYSTEM. 

be  adopted  it  would  be  an  ideal  one."     Again  in  the  report  of  the 
House  committee  '^'  appears  the  following: 

"  He  [J.  Q.  A.],  however,  advised  delay  until  the  metric  or  international  system, 
which  was  then  in  its  infancy,  had  been  more  fully  tried,  and  to  which  he  referred 
in  a  most  glowing  tribute  as  possessing  all  the  requisites  of  a  simple,  uniform, 
and  workable  system  of  weights  and  measures." 

Following  are  a  few  extracts  from  Mr.  Adams'  report :  f 

"The  metrology  of  France  is  a  new  and  complicated  machine,  formed  upon 
principles  of  mathematical  precision,  the  adaptation  of  which  to  the  uses  for  which 
it  was  devised  is  yet  problematical  and  abiding,  with  questionable  success,  the 
test  of  experiment."     (Page  178.) 

*'  The  decimal  numbers  applied  to  the  French  weights  and  measures  form  one 
of  its  highest  theoretic  excellences.  It  has,  however,  been  proved  by  the  most 
decisive  experience  in  France  that  they  are  not  adequate  to  the  wants  of  man  in 
society."     (Page  197.) 

"This  illustration  *  *  *  will  disclose  to  our  view  the  causes  which  limit  the 
exclusive  application  of  decimal  arithmetic  to  numbers,  and  admit  only  a  par- 
tial and  qualified  application  of  them  to  weight  and  measure."     (Page  198.) 

"Thus,  then,  it  has  been  proved  by  the  test  of  experience  that  the  principle 
of  decimal  divisions  can  be  applied  only  with  many  qualifications  to  any  general 
system  of  metrology;  that  its  natural  application  is  only  to  numbers;  and  that 
time,  space,  gravity,  and  extension  inflexibly  reject  its  sway."     (Page  202.) 

"  Nature  has  no  partialities  for  the  number  ten,  and  the  attempt  to  shackle  her 
freedom  with  them  (sic)  will  forever  prove  abortive."     (Page  204.) 

"  *  *  *  As  this  system  is  yet  new,  imperfect,  susceptible  of  great  improve- 
ment, and  struggling  for  existence  even  in  the  country  which  gave  it  birth  { 
*  *  *  "     (Page  217.) 

*  This  report  may  be  found  in  full  in  the  Journal  of  the  Western  Society  of 
Engineers  for  August,  1902.     The  present  quotation  is  from  page  351. 

t  This  famous  paper  is  not  out  of  date  nor  will  it  ever  be.  It  may  be  found 
in  The  Metric  System,  by  Charles  Davies,  to  which  the  page  numbers  refer,  a 
book  which  is  out  of  print  and  scarce.  The  quotations  in  the  text  were  obtained 
from  a  copy  in  the  Boston  Public  Library : 

The  book  by  Professor  Davies  (he  of  the  mathematical  text  books  of  a  gener- 
ation ago)  is  the  report  of  himself  and  Robt.  S.  Hale  as  a  committee  of  the  Uni- 
versity Convocation  of  the  State  of  New  York.  It  gives  the  conclusions  of  an 
investigation  made  at  the  request  of  Hon.  J.  A.  Kasson,  Chairman  of  the  House 
Committee  on  Coinage,  Weights  and  Measures  in  1866.  The  reports  of  J.  Q. 
Adams  and  of  Professor  Davies  represent  the  conclusions  of  the  only  American 
investigations  of  this  subject  worthy  of  the  name  which  have  ever  been  made,  and 
both  of  them  are  unfavorable  to  the  adoption  of  the  system.  In  the  cases  of  Messrs. 
Davies  and  Hale,  it  is  to  be  noted  also  that  they  began  the  investigation  as  metric 
advocates  and  finished  it  as  metric  opponents.  Could  these  reports  be  circulated 
as  they  deserve  to  be,  the  metric  agitation  would  die  a  natural  death.  • 

J  No'e  the  words  "struggling  for  existence"  after  twenty-seven  years  of  "  the 
most  stupendous  and  systematic  effort  ever  made  by  a  nation  to  introduce  uni- 
formity in  their  weights  and  measures."     (Mr.  Adams,  page  174.)     And  yet 
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'  liut  won.'  the  authority  of  Congress  unquestionable  ♦  *  *  it  is  iM'lieved 
that  the  French  syst<.Mn  has  not  yet  attained  that  perfection  which  would  justify 
so  extraordinary  an  effort  of  legislative  power  at  this  time."      (Page  2(kS). 

"For  all  the  professions  eonecrned  in  ship  or  house  l)uilding  and  for  all  who 
have  occasion  to  use  mathematical  instruments  it  [the  metre]  is  quite  unsuitable 
*  *  *  This  inconvenience,  great  in  itself,  is  made  irn^parable  when  eombined 
with  the  exclusive  principle  of  decimal  divisioiLs.  *  *  *  This  decimal 
despotism  was  found  too  arbitrary  for  endurance.  *  *  *  Xhe  choice  of  the 
kilogram  or  cubical  decimetre  of  distilled  water  as  the  single  standard  unit  of 
weight  with  the  application  to  it  of  the  decimal  divisions  was  followed  by  similar 
inconveniences  *  *  *  But  on  the  oth«^r  hand,  decimal  divisions  are  still  more 
inapplicable  to  measures  of  capacity  for  licjuids  than  to  linear  measures  or 
weights."     (Pages  199,  200,  201.) 

7.  Mr.  Adams  had  great  admiration  for  the  conception  and  for 
the  efforts  of  the  French  Government  in  its  endeavor  to  establish  a 
nniversal  system  of  Aveights  and  measures.  There  are  also  in  the 
report  expressions  of  approbation  for  the  system  which  certainly 
do  not  seem  to  be  consistent  with  the  above  citations,  but  that  the 
report  as  a  whole  can  be  considered  as  an  endorsement  of  the  sys- 
tem in  "  glowing  "  or  any  other  terms  is  simply  not  so. 

What  is  now  the  chief  argument  against  the  adoption  of  the 
system — the  anchoring  of  existing  units  in  manufacturing  in- 
dustry— is  chiefly  a  growth  since  Mr.  Adams'  time;  but,  never- 
theless, he  saw  clearly  the  difficulty  of  the  change,  and  much  of 
his  report  is  devoted  to  this  as  distinguished  from  his  strictly 
judicial  analysis  of  the  merits  and  demerits  of  the  system.  To 
illustrate  this  difliculty  he  (page  150)  draws  a  striking  picture  of 
the  then  far  from  complete  adoption  of  our  system  of  currency 
(already  thirty  years  old),  and  on  page  149  he  refers  to  a  change 
of  this  kind  as  "  a  revolution  by  all  experience  kno^^Ti  to  be  in- 
finitely more  easv  to  accomplish  than  that  of  weia'hts  and  meas- 
urcs." 

The  Pei'sistence  of  Old  Units  in   German  Textile  Industries. 

8.  The  testimony  before  the  House  committee  is  sprinkled  with 
opinions  that  this  great  change  can  be  made  in  from  three  to  five 
years  (Mr.  Bates,  page  92,  seems  to  think  "  a  year  or  two  ''  will 
be  sufficient).*     In  this  matter  we  do  not,  however,  need  to  re- 

the  metric  advocates  represent  Mr.  Adams  as  endorsing  the  system  in  "  the  most 
glowing  terms,"  and  profess  to  believe  that  we  can  make  this  great  change  in 
from  three  to  five  years. 

*  The  bill  as  reported  by  the  House  committee,  with  recommendation  to  pas- 
sage, makes  the  svstem  the  legal  standard  four  years  from  January  1  next. 
26 
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gard  opinions  at  all,  but  may  apply  the  scientific  method  at  once 
and  consult  the  facts. 

At  the  ])r('S('utation  of  this  ])a])er  there  were  offered  for  in- 
spection a  collection  of  French  and  German,  books  from  the 
library  of  the  Textile  WoM^  These  books  present  a  condition 
of  things  which  is  absolutely  startling.  As  instructive  as  any  is 
a  little  German  book  of  105  pages,  "  Kalkulator  fiir  Artikel  der 
Textilbranche  ''  (Calculator  for  Articles  in  the  Textile  Industries), 
by  Friedrich  Frowein,  third  edition,  1901.  The  object  of  this 
book  is  to  give  a  simpUfied  system  of  calculating  for  textile  fabrics, 
and  it  discloses  a  condition  of  things  in  (jerman-speaking  Europe 
compared  with  which  our  own  is  simple  indeed.  This  condition 
is  due  to  the  fact  that  there  are  still  in  use  nine  different  ells  in 
addition  to  the  metre  and  the  English  yard.  These  ells  are  divided 
into  inches,  an  inch  ranging  all  the  way  between  ^^  and  3^  of  an 
ell,  and  such  extraordinary  ratios  as  these  being  still  in  use  : 

Prussian  ell 25^  inches. 

Wlirtemberg  ell 34J  inches. 

Vienna  ell 29 J  inches. 

In  brief  the  book  shows  that  there  is  still  in  use  in  German 
textile  mills  an  absolute  medley  of  ells,  inches,  yards,  metres,  kilo- 
grams, and  pounds,  combined  with  a  vast  number  of  systems  of 
yarn  numbering  based  upon  these  different  units  of  length  and 
weight,  while  towering  above  all  these  systems  of  yarn  numbering 
are  found  the  English  yard  and  pound  in  all  branches  except  the 
silk  industry,  in  which  the  metric  system  cuts  a  very  small  figure. 

9.  In  the  Textile  World  for  October,  1902,  is  an  article  into 
which  has  been  lifted  bodily  the  following  specimen  of  Frowein's 
simplified  calculations  of  the  cost  of  a  piece  of  worsted  cloth : 


*  For  invaluable  assistance  in  the  selection  of  these  very  few  of  many  salient 
facts  regarding  the  persistence  of  old  units  in  the  French  and  German  textile 
industries,  I  am  indebted  to  Mr.  S.  S.  Dale,  editor  of  the  Textile  World,  who  has 
also  kindly  revised  the  present  and  the  following  sections. 
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Kalkulation. 

Ein  Stiick  einen  Meter  breit  und  hundert  Meter  lang. 

Kclto  per  cm  24  Faden  48r_\^Vri  _(l)oiihU']. 
Hinsrhuss  per  cm  28  ?chuss  4»)x^Migl£_VV('fl  (einfach). 
Riclh  (Blall)  per  cm   12  Rohr  2fii(lig. 

F 11^ H_sjr Itt  _\\ V \k\ 

K  c  1 1  c  •  l^iLl^j:!!  '^"lOO  Meter  37*  Gr. 

2400  Kaden  --  240000  Meier  =  =-90(K)Gr. 

Verschmalcrung  4  %,  96  Faden  =  9600  Meier  ^    360  .    ^  93^)0  Gr. 
Einkrcuzcn  87o  =  19968  Meier  749    „ 

10109  (jr. 
Slori_j)er_engJ.J^Id.  Mk.  3.- 
Fiirlien  ^       „         „        ^   —.20 

1_eniiI._F_fd.  Mk.  3.20,  daher  obige  10109  Gr.Mk.    71,89 

E  i  n  s  c  h  u  s  s:  40j^Singl_e  Wdt  a  100  Meter  2^j^  Gr. 
28  Scluiss  per  cm  =  280000  Meter  =  63(J0  Gr. 
Einkreuzen  27o  —  ^%00  Meter  =  126    ,     =-  (A'lGGr. 

Sloff  j2cr_cngL  ™-  Mt<-  ^  — 
FiiTIJen  „       „         „        „   -.20 

i^n^l^Ffd.                Mk.  2.20,  daher  obige                             6426  Gr.  3 1 .42 

Mk.  10331 

\'erlust  6  7o •    -  6.20 

Mk.  109.51 

Fingirter  Satz  siehe  erste  Kalkulation  50  7o 54.76 

Mk.  164.27 

Spesen  und  Zinsen  10  7o 16.43 

Herslellungskosten Mk.  180.7O 

Zu  obigem  Stuck  sind  erforderlich : 

Kette  269568  Meter  =  294933.  Yards.4_56p J'ards  i  Za\\\=J>2el] ^  ^ihlen 

Einschuss  285600        „    =  31J4_73_  __,^  __a_56q___,^  _2l      „     =558 


A  German  Estimate  of  Cost  op  a  Worsted  Fabric  at  the  Present  Time. 
The  English  Standards  are  Marked  with  Dotted  Lines. 

Mr.  Dale  describes  the  operations  performed  in  this  illustration 
thus : 

"The  raw  material  is  purchased  by  the  English  pound.  The  finished  goods  are 
sold  by  the  French  metre.  The  yarn  counts  are  English,  while  the  length  and 
width  of  the  finished  goods  are  metric.  The  length  of  the  yarn  is  expressed  in 
metres,  while  the  counts  are  English,  based  upon  the  yard  and  the  'pound. 
From  this  hodgepodge  the  weight  of  the  j^arn  is  calculated  in  grams,  which  is 
extended  by  another  arithmetical  somersault  at  a  price  given  in  marks  per 
English  pound,  and  to  cap  the  climax  the  total  length  of  the  yarn  in  metres 
is  reduced  to  English  yards  and  then  to  English  skei7is  of  560  yards  each. 

"There  is  no  theory  here.  This  estimate  is  an  example  of  German  practice  at 
this  moment,  and  yet  men  can  be  found  who  say  that  the  metric  system  was 
adopted  in  Germany  in  two  years  without  inconvenience,  some  asserting  they 
were  present  when  the  trick  was  done ;  and  stranger  still,  other  men  can  be  found 
who  believe  it." 
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Note  that  this  example  is  relatively  a  simple  one,  because  it 
contains  none  of  the  ells  nor  inches,  but  relates  to  yards,  metres, 
pounds,  and  grams  only.  It  hence  represents  exactly  the  condi- 
tion which  the  adoption  of  the  metric  system  would  bring  about  in 
our  own  mills. 

10.  A  second  German  book  is  "  Garn-Nummerirungen,  Haspe- 
lungen  und  Vergleichende  oder  Umrechnungstabellen "  (Yarn 
Numbering,  Keeling,  and  Comparative  Keckoning  Tables),  by 
Ileinrich  Kutzer,  1901.  This  book  contains  a  great  number  of 
tables  for  comparing  and  reducing  the  numerous  units  of  length 
and  weight,  and  is  of  wider  scope,  geographically,  than  the  first  one 
cited.  It  shows  that  21  ells  are  in  use  in  European  countries  in 
which  the  metric  system  is  nominally  established. 

A  third  German  book  is  ^'  Methodik  der  Bindungslehre  und  De- 
composition fiir  Schaftweberei  "  (A  System  of  Weaves  and  Analy- 
sis for  Harness  Weaving),  by  Franz  Donant,  1901.  This  con- 
tains an  explanation  of  the  various  systems  of  yarn  numbering 
used  in  German-speaking  countries.  It  is  chiefly  significant  be- 
cause of  the  order  in  which  these  systems  occur,  as  the  English 
system  heads  every  list  except  the  last,  in  wdiich  there  is  no  Eng- 
lish system.     Following  are  the  lists: 

Cotton — English,  French,  metric  (note  the  French), 

Linen — English,  Austrian  (no  metric). 

Jute — English  only. 

Worsted — English,  metric. 

Woollen — English,  Austrian,  Prussian,  Saxon,  metric. 

Silk — Milan,  Turin,  Lyons,  metric. 

11.  A  fourth  German  book  is  ^'  Mechanische  Technologic  der 
Weberei "  (Mechanical  Technology  of  Weaving),  by  G.  Herman 
Oelsner,  eighth  edition,  1902. 

This  is  an  elaborate  and  beautifully  printed  treatise  of  942 
pages.  In  it  page  after  page  is  devoted  to  conversion  tables 
giving  metric  equivalents  of  Rhenish,  Leipsic,  and  English  inches, 
as  well  as  of  Leipsic  and  Berlin  ells  and  of  English  yards. 

On  page  130  may  be  found  the  metric  equivalents  of  the  follow- 
ing ells :  Prussian,  Saxon,  Brabant,  Bavarian,  Wurtemberg,  Baden, 
Vienna,  English,  Danish,  Swedish,  Russian.  On  page  74  he  refers 
to  the  Cockerill  system  of  yarn  numbering  used  in  Belgium,  and 
Avhich  is  based  on  the  length  of  2,240  Berlin  ells. 

On  page  75  he  refers  to  six  systems  of  numbering  for  carded 
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woollon  yarn  as  follows:  Prussian,  Saxon,  Austrian,  English,  El- 
bonif,  Sedan. 

On  ])ag"c  121  arc  sonio  strikinc^  illustrations  of  the  anniliilation 
of  vuli»ar  fractions  by  tlio  niclric  system.  In  a  tahlc  givinc;  the 
number  of  threads  per  French  inch  and  ]wv  centimetre  the  follow- 
iiiii-  mix(Ml  nund)ers  occur  in  the  lii'st  line:  1  1  jVti  '^1^»  -"^IS^i  ^Vff 
A  footnote  to  this  ])ai>e  states  that  the  French  inch  is  used  for 
gauging  the  set  of  fabrics  in  Switzerland. 

12.  In  this  connection  T  (dip  (italics  mine)  the  following  from  the 
Tciiih  World  for  September,  1902: 

"A  T\Titor  in  the  Leipziger  Monafschrift  fuer  Textil-Industrie  expresses  his  con- 
viction that  Gorman  cotton  manufacturers  must  abandon  the  hope  of  driving 
from  that  count r}'  the  Enghsh  system  of  yarn  numbering.  This  view  has  been 
strengthened,  undoubtedly,  by  the  action  of  the  tariff  committee  of  the  Reichstag, 
\vhich,  owing  to  the  strong  opposition  of  German  mill  owners,  has  rejected  the 
proposal  to  compel  the  exclusive  use  of  the  metric  system  for  yarn,  and  has  ar- 
ranged the  yarn  schedules  in  the  new  tariff  bill  in  accordance  with  the  English 
counts,  thus  continuing  the  official  German  sanction  of  the  English  system." 

The  English  system  of  yarn  counts  carries  with  it  the  yard  and 
the  pound,  and  this  recognition  of  them  is  an  official  confession 
that  twenty-eight  years  of  effort  to  introduce  the  metre  and  the 
kilogram  as  a  basis  of  yarn  counts  has  resulted  in  failure. 

I  also  give  without  comment,  except  italics,  the  following  from 
Wochenherichte  Ilandelshl att  der  Leipziger  Monatschrift  fuer 
Textil-Industrie^  J^^ly  1^?  1902: 

"At  the  session  of  the  [German]  Tariff  Commission  on  the  24th  of  June,  the 
question  came  up  regarding  the  emplo3'ment  of  the  metric  system  for  cotton 
yarn.  According  to  one  delegate,  Muench-Ferber,  who  is  also  a  partner  in  a 
woollen  and  cotton  weaving  mill,  '  the  use  of  the  metric  system  for  yarn  would 
lead  to  ungodl}^  disorder  (heillose  Verwirrung)  in  the  domestic  weaving  in- 
dustry, since  our  machines  are  constructed  for  the  use  of  the  English  numbers.'  " 

The  Persistence  of  Old   Units  in  French  Textile  Ind\istries. 

13.  In  France  the  condition  is,  if  possible,  still  worse.  Illustrat- 
ing this  may  be  cited  ^^  Traite  Theoretique  et  Pratique  de  Tissage  " 
(Theoretical  and  Practical  Treatise  on  AVeaving),  by  Paul  Lamoi- 
tier,  1900.  This  is  a  standard  French  work  on  textiles  of  573 
pages.  On  page  27  may  be  seen  a  comparative  yarn  table  giv- 
ing equivalents  of  the  following  systems  of  yarn  counting,  which 
are  thus  compared  because  they  are  still  in  use: 
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Worsted — Metric,  Eoiibaix,  Reims,  Fourmies,  Euglish,  Ger- 
man. 

On  page  52  is  a  similar  table  for 

Silk — Lyons,  Italian,  metric. 

On  page  60  is  a  table  for 

Cotton — English,  French,  metric  (note  the  French  again). 

On  page  63  is  an  illnminating  sentence.  Opening  a  section  on 
yarn  numbering  for  linen,  hemp,  and  jute  is  this  sentence:  "  On 
emploie  le  titrage  anglais  "  (We  use  the  English  system  of  num- 
bering yarn).  Following  this  comes  the  following  beautiful  ex- 
ample of  how  the  decimal  system  has  sw^pt  all  before  it  in  France : 

"The  lea  is  300  yards,  or  274.2  metres;  12  leas  make  a  skein  of  3,600  yards; 
100  skeins  a  bundle  of  360,000  yards." 

On  page  88  the  author  gives  a  table  showing  the  weight  of 
weft  or  filling  for  one  metre  of  worsted  cloth  by  the  Fourmies 
(an  old  French)  system,  and  on  page  87  states  that  ''  this  table 
is  given  because  the  Fourmies  is  used  to  a  greater  extent  than 
any  other  system  of  yarn  numbering  for  worsted.'' 

In  the  early  part  of  the  book,  on  page  24,  the  following  may 
be  seen: 

"We  shall  further  on  study  the  counts  of  silk,  cotton,  linen,  etc.  We  regret 
extremely  these  anomalies  which  obstruct  business,  lead  to  serious  errors,  and 
wantonly  complicate  all  calculations." 

14.  Perhaps  the  most  curious  example  of  all  in  the  French  textile 
industries  is  the  count  of  the  weft  threads  in  the  fabric — the 
number  of  "  picks  "  of  the  loom.  Here,  if  anywhere,  it  would 
seem,  to  be  easy  to  introduce  the  centimetre,  but  nevertheless  the 
French  w^eaver  counts  his  picks  by  the  inch  (pouce),  and  (save 
the  mark!)  37  French  inches  equal  1  metre.  On  page  90  of  the 
book  under  notice  is  the  following: 

"The  filling  is  ordinarily  reckoned  arbitrarily  by  the  quarter  inch,  and  it  is 
necessary,  before  the  calculation  of  a  fabric,  to  convert  the  picks  per  quarter  inch 
into  picks  per  centimetre.  There  are  148  quarters  of  an  inch  in  a  metre;  1  centi- 
metre is  equal  to  1.48  quarters  of  an  inch;  5  picks  per  quarter  inch  are  equal  to 
7i%  picks  per  centimetre." 

In  U Industrie  Textile,  the  leading  French  textile  journal,  for 
August  15,  1902,  is  a  four-page  description  of  a  new  worsted-spin- 
ning frame,  and  an  account  of  a  test  of  it.  At  the  conclusion  of 
the  mechanical  description  the  capacity  of  the  machine  is  given  for 
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difforont  sizes  of  yarn.  These  sizes  are  pvcii  in  the  Ivoubaix  sys- 
tem, iindiT  which  llic  test  was  iiia<h\,  which  llgures  are  then  trans- 
hited  into  the  metric  system. 

1.'..  It  is  wholly  ini])ossil)le  in  a  few  ]>ara£iTa])hs  to  even  indicate 
the  confusion  and  complexity  which  are  shown  by  these  books  to 
prevail  in  the  weiirhts  and  measures  of  metric  Europe.  The 
comjdications  introduced  by  them  into  textile  calculations  are 
beyond  belief. 

In  these  books  are  pages  after  pages  of  conversion  tables  be- 
tween the  various  ells  and  between  the  ells  and  the  yard  and 
metre,  added  to  which  are  conversion  formulas  making  a  total 
which  is  fairly  maddening.  These  comparative  calculations  and 
reductions  are  an  essential  part  of  all  French  and  German  textile 
literature.  A  French  or  German  work  on  textiles  dealing  with 
metric  weights  and  measures  alone  would  be  worthless  to  99  per 
cent,  of  the  French  and  German  textile  industry.  Note  that  all 
hool'S  cited  are  modern. 

They  are  but  a  small  portion  of  those  in  the  possession  of  the 
Textile  Worldy  the  whole  collection  offering,  in  fact,  an  em- 
barrassment of  illustrative  material. 

16.  A  concise  statement  of  present-day  French  practice  from  a 
recognized  French  authority  will,  no  doubt,  be  considered  by  some 
to  possess  greater  weight  than  the  most  obvious  deductions  from 
books,  and,  very  opportunely,  M.  Paul  Lamoitier,  the  author  of 
the  book  last  above  cited,  publishes  a  leading  article  on  "  The  Uni- 
fication of  Yarn  Numbering ''  in  Ulndustrie  Textile  for  October 
15,  1902,  of  which  journal  he  is,  I  believe,  the  associate  editor. 
Fr^u  advance  sheets  of  the  Textile  World  for  December  I  make 
the  following  extracts  from  a  translation  of  this  article : 

"  It  is  absolutely  unworth}^  of  us  French  who  were  the  first  to  find  and  apply 
the  metric  system  to  retain  the  aune  and  the  denier  for  measuring  silk.  Ah  I  these 
Americans  are  not  considerate  of  our  feelings  and  they  are  right.  We  are  as 
much  in  the  anarchy  of  weights  and  measures  for  the  textile  industn^  as  at  the 
time  of  the  Revolution,  for  we  have  the  denier  of  Montpelier  and  of  Milan,  for  silk, 
■^-ith  the  aune  as  a  unit  of  length.  We  still  have  the  diverse  standards  of  Roubaix, 
Fourmies  and  Reims  for  worsted,  the  moque  of  Sedan,  the  livre,  the  quart  and  the 
sous  of  Elboeuf,  the  yard  for  linen,  etc.  Ah!  the  famous  aune,  do  you  know  its 
equivalent?  Exactly  3  feet  7  inches  10  lines  and  10  points,  or  in  other  words, 
1.188447  metres, the  foot  being  equal  to  .324839  metres  and  divided  into  1 2  inches, 
the  inch  into  12  lines  and  the  line  into  12  points.  [The  foot  and  inch  referred  to 
here  are  ob\'ioush'  the  French  foot  and  inch.] 

"The  yarn  count  in  the  north  of  France  is  a  length  and  in  the  centre,  a  weight. 
I  will  take  my  oath  that  the  manufacturer  of  Rouen,  if  he  has  not  studied  each 
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section  separately,  has  no  idea  what  is  the  standard  of  Reims  or  the  denier 
of  Lyons  or  Milan.  And  on  the  other  liand,  the  manufacturers  of  Reims  and 
Lyons  are  hkewisc  puzzled  in  making  comparisons  of  the  diverse  numberings  of 
the  diverse  materials. 

"And  this  is  the  reason  why  they  are  right  in  mocking  us  when  they  say  we  do 
not  use  the  metric  system  for  numbering  yarn  and  for  weaving  calculations. 
Nothing  is  more  arbitrary  than  to"  reckon  the  yarn  by  the  thousand  metres  and 
the  width  of  the  cloth  and  the  picks  of  the  filling  by  the  inch.  It  is  nonsense  and 
a  derision.  Note  also  that,  while  I  speak  here  only  of  France,  I  could  say  as 
much  of  all  Europe." 

Later  in  the  article  the  author  calls  for  a  compulsory  law  to  com- 
pel the  use  of  the  metric  system  in  French  textile  industries,  and 
adds : 

"  The  advantages?  It  would  put  a  stop  to  the  chaos  which  the  Americans  ridi- 
cule. *  *  *  Jq  short,  they  would  not  ridicule  us  any  more.  It  is  not  pleas- 
ant to  be  thus  continually  ridiculed  by  foreigners,  especially  when  they  have  good 
reason  for  doing  so.  *  *  *  In  the  face  of  foreign  sarcasm  it  [the  metric  sys- 
tem of  yarn  numbering]  should  be  established  at  the  earliest  possible  moment." 

17.  In  the  November  issue  of  L' Industrie  Textile,  M.  Lamoitier 
has  another  article  in  which  he  points  out  an  ''  annoying  anomaly/' 
namely,  the  fact  that  French  loom  widths  are  expressed  in  quarter 
yards.  Referring  to  the  results  of  a  change  in  these  widths  to 
metric  dimensions  he  adds  (italics  mine)  : 

"  We  have  now  a  confusion  which  will  spread  throughout  the  world  and  increase 
with  the  general  adoption  of  the  metric  system." 

The  references  to  American  criticism  of  French  practice  in  the 
above  relate  to  articles  in  recent  issues  of  the  Textile  World.  "She 
anti-metric  fight  which  Mr.  Dale  has  conducted  in  the  columns 
of  that  journal,  as  well  as  his  assistance  in  the  preparation  of  this 
paper,  deserves  all  the  recognition  which  I  can  give. 

At  this  point  it  is  interesting  to  quote  the  testimony  of  Dr. 
Wiley  (page  51):  ''There  is  only  one  great  objection  to  the 
metric  system,  and  that  is,  it  is  going  to  weaken  our  mathemati- 
cal abilities,  because  we  will  not  have  this  immense  practice  in 
computation  which  we  have  to  have  now."  The  system  seems 
not  to  have  had  that  effect  in  France  and  Germany. 

18.  In  the  simplicity  and  uniformity  of  its  weights  and  measures 
this  country  is  fortunate  beyond  comparison  with  Continental 
Europe. 

The  meaning  of  all  this,  and  the  lesson  to  be  learned  from  it, 
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is  not,  liowcvcr,  that  the  textile  industries  of  France  nn<l  (ier- 
many  are  infinitely  worse  off  than  onr  own  as  regards  their  sys- 
tems of  weiG:hts  and  nieasnres,  nor  that  their  textile  ealenlations 
are  infinitely  more  laborions  than  onrs  (both  of  which,  however, 
are  facts),  but  that  twenty-eight  years  after  the  compulsory  adop- 
tion of  the  metric  system  in  Germany  the  old  units  still  persist  to 
an  extent  calling  for  such  books,  and  that,  in  France,  a  hundred 
years  of  time,  national  pride,  and  a  despotic  government  com- 
bined have  not  succeeded  in  killing  the  old  units.  The  only 
effect  of  the  adoption  of  the  metric  system  in  both  of  these  coun- 
tries has  been  to  add  a  new  set  of  units  to  the  old  ones.  Shall 
history  repeat  itself  here? 

19.  If  the  reader  wishes  further  confirmation  of  these  facts,  he 
may  find  it  in  the  "  Report  of  the  International  Congress  for  the 
Unification  of  the  IN^umbering  of  Yarn,"  held  at  the  Paris  Exposi- 
tion of  1900.  From  Mr.  C.  J.  II.  Woodbury's  translation  I  make 
the  following  extracts : 

M.  De  Pacher  "believed  that  the  numbering  of  yarns  could  not  be  introduced 
in  every  country  except  by  the  authority  of  a  law  positively  ordering  its  use  to 
take  place  on  a  certain  date  for  all  textile  industry  and  for  all  commerce  in  every 
kind  of  yarn.  The  change  would  be  made  by  a  law,  or  it  would  not  be  made  at 
all.  He  was  convinced  that  the  spinners  who  commenced  to  wind  and  to  number 
their  products  according  to  the  resolutions  of  the  Congress  before  a  law  should  be 
enacted  to  forbid  the  sale  of  yarns  wound  and  numbered  according  to  the  old  way, 
would  probably  keep  their  yarns  and  would  be  obliged  to  sell  at  a  loss." 

N'ote  the  agreement  of  this  speaker  with  M.  Lamoitier,  that 
after  110  years  of  the  metric  system  in  France  more  compulsory 
law  is  needed. 

Said  the  Corresponding  Secretary  of  the  Congress,  M.  Ferdi- 
nand Roy  (italics  mine) : 

At  present,  one  of  the  arguments  of  the  English  Government  is  this:  the  inter- 
national commerce  is  carried  on  under  the  English  numbering  and  this  proves 
how  much  this  numbering  has  entered  into  the  customs  so  that  even  in  certain 
countries  where  the  metric  system  is  obligatory,  the  custom  tariffs  are  established  for 
yarns  according  to  the  English  numbering.  *  *  *  Por  raw  and  finished  silk, 
France  has  maintained  up  to  the  present  time  the  old  standard;  the  grain  or 
denier  (a  copper  coin  weighing  1^  grammes)  being  the  unit  of  weight  and  the  ell 
being  the  unit  of  length.  The  legal  standard  indicated  by  the  law  of  June  13, 
1866,  and  expressing  the  weight  in  grammes  of  a  small  skein  of  500  metres  has 
never  been  adopted  by  commerce. 

Said  M.  Edouard  Simon,  Secretary  of  the  Commission  of  Organi- 
zation (italics  mine) : 
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"  Wo  havo  thought  that  thoro  would  also  be  an  opportunity  to  modify,  in  con- 
forniity  with  the  conclusions  of  the  former  Congresses,  the  Fnmch  law  of  June  13, 
180(),  in  accordance  with  which  the  standard  of  silk  is  represented  by  the  mean 
weight  expressed  in  grammes  of  a  small  skein  of  500  metres,  the  sample  being 
made  upon  20  small  skeins  of  the  same  length. 

"  I'/tis  legal  standard  has  remained  a  dead  lelter." 

20.  Contrast  this  experience  with  the  expectations  of  the  pro- 
metric  witnesses  before  the  House  Committee  on  Coinage,  Weights 
and  Measures,  that  our  law  will  effect  the  transformation  in  from 
three  to  five  years. 

The  secretary  also  read  from  a  former  opinion  of  M.  De  Pacher, 
as  follows : 

"  It  is  certain  that  yarns  divided  and  numbered  after  the  metric  S3'stem  will  be 
unsalable  in  the  greater  part  of  European  markets  as  long  as  it  is  permissible  to 
buy  or  sell  yarns  divided  according  to  the  old  systems  to  which  many  generations 
have  been  accustomed." 

Said  the  English  delegate,  Mr.  Brigstocke : 

"  The  international  unification  of  the  numbering  of  yarns  based  on  the  metric 
system,  according  to  the  opinion  of  the  English  Government,  is  not,  under  the 
present  circumstances,  acceptable  with  us,  and  I  should  add  that  this  opinion  is 
participated  in  almost  unanimously  by  the  English  spinners  themselves." 

Contrast  this  with  the  opinion  of  so  many  (including  Lord 
Kelvin),  that  if  w^e  will  only  jump  into  this  bottomless  pit  England 
will  be  sure  to  follow. 

The  General  Persistence  of  Old   Units  in  France. 

21.  From  M.  Laurence  V.  Benet,  artillery  engineer  for  Hotch- 
kiss  &  Cie.,  of  Paris,  I  have  the  following: 

"  Outside  of  Paris,  and  the  other  large  cities  in  France,  the  trades-people  *  con- 
sistently violate  the  law  by  using  the  old  measures,  the  only  exception  being  the 
locksmiths,  bellhangers,  etc. 

"  My  experience  has  been,  that  every  Frenchman,  when  questioned,  will  start 
out  by  saying  that  the  metric  system  is  universally  used,  and  is  giving  perfect 
satisfaction,  but  when  pressed  closely  will  readily  admit  that  among  the  lower 
classes,  the  old  weights  and  measures  still  persist." 

From  M.  L.  H.  de  L'Espee,  a  French  mining  engineer  and  be- 
liever in  the  metric  system  who  is  now  connected  with  the  ITational 
Association  of  Manufacturers,  I  have  the  following : 


*  I  infer  that  this  word  refers  to  mechanics  and  not  to  merchants. 


I 
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"  Of  course,  tlicro  is  (^vcrvwlicrc  to  l)o  i'oiinil  a  spirit  of  routine, 
and  pcrhji]>s  slroiincr  in  I'laiicc  than  anywhere  else.-  I*e(»j)l('  who 
have  been  used  to  certain  standards  chirin*;-  their  whoh-  life,  are 
not  willing  to  change  them  at  once.  There  is  no  douht  that  old 
measuring  standards  are  still  largely  in  use  in  many  parts  of 
France. 

''  In  the  matter  of  length  measurements,  the  size  of  a  man  will 
he  expressed  in  pieds  (feet)  oftener  than  in  metres,  in  the  familiar 
language.  The  aune  (1.20  metre)  is  still  often  used  in  measuring 
dry  goods,  in  some  provinces.  The  lieue  (league)  of  4  kilometres  is 
often  spoken  of  in  computing  distances.  As  to  the  mille  marin  or 
noeud  (knot),  the  predominance  of  England  in  all  matters  per- 
taining to  navigation  is  sufficient  explanation  for  its  retention  in 
naval  vocabulary. 

"  In  the  matter  of  area  measurements,  the  arpent,  equal  to  about 
^  hectare,  is  still  largely  used.  However,  its  value  is  variable  in 
the  different  provinces,  which  goes  to  show  the  usefulness  of  the 
hectare  provided  by  the  metric  system.  In  Lorraine,  the  jour  (one 
man's  day  work)  is  still  the  predominant  unit  in  farm  measure- 
ments. 

"  For  grain  measurement,  the  bushel  (boisseau)  is  still  used  in 
many  provinces.  For  liquid  measurements,  there  is  still  an  endless 
variety  of  standards,  the  piece  of  228  litres  and  the  tonneau  of 
4  pieces  in  the  Bordeaux  region ;  the  feuillette  of  105  litres  in  Bur- 
gundy; the  mesure  of  44  litres  in  Lorraine.  Wine  crops  in  Lor- 
raine will  invariably  be  computed  in  so  many  mesures  par  jour. 
Even  in  Paris  wine  is  often  retailed  by  the  setier. 

"  For  lumber  and  firewood  measurements,  the  metric  stere  has 
never  proved  a  favorite.  Firewood  is  almost  exclusively  sold  by 
the  cord,  and  lumber  is  usuallv  sold  bv  the  dozen  of  solives, 
madriers  or  planches,  each  of  these  denominations  having  fixed 
sizes  as  to  length,  width  and  thickness." 


?> 


22.  Following  are  extracts  from  a  letter  by  an  American  engi- 
neer who  has  lived  in  Paris  for  some  years  and  whose  experience  in 
Continental  Europe  dates  from  1889.  He  is  a  graduate  of  the 
Massachusetts  Institute  of  Technology,  and  occupies  a  leading 
position ;  but  his  connections  are  such  that  he  desires  that  his  name 
be  not  mentioned. 

"  It  is  rather  singular  that  the  decimal  division  and  multiplica- 
tion of  the  metre  or  kilogramme  do  not  appear  to  suit  various  in- 
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(lustries  for  widely  (liffcrciit  reasons.  In  order  to  give  you  a  few 
exani|)l(^s  of  this  I  have  extracted  some  })aragraplis  froni  a  well- 
known  and  verv  usefnl  handbook  in  the  French  language,  entitled 
J^'oninilaire  de  I'Electricien,  edited  by  M.  llos])itaUer,  who  happens 
to  be  an  anthority  on  the  subject  avc  are  now  discussing. 

"  The  most  striking  exam])le  and  one  which  a])])ears  to  provoke 
the  Avrath  of  ]\1.  Ilos})italier  is  the  Cheval-vapeur  corresponding  to 
the  English  horse-poAver.  You  Avill  see  that  he  considers  the 
cheval-A^apeur  an  empirical  unit.  M.  Hospitalier's  contention  is 
that  the  Poncelet  or  100  kilogrammetres  per  second,  the  metric 
and  decimal  unit  of  power  and  not  the  cheval-vapeur  or  75  kilo- 
grammetres ])er  second,  should  be  adopted.  You  Avill  see  that 
M.  llospitalier  hoped  to  see  this  logically  defined  unit  accepted 
by  the  International  Congress  of  1900.  As  he  states,  routine  got 
the  better  of  logic  in  the  discussion,  and  the  cheval-vapeur  obtained 
the  sanction  of  the  Congress.* 

23.  '^  The  other  extracts  concerning  Elasticity  and  Unite  de 
Chaleur  refer  to  the  confusion  resulting  from  the  use  of  several  in- 
dustrial units.  I  have  also  extracted  the  paragraphs  on  Unite  de 
Longueur  and  Unite  de  Masse  since  they  very  clearly  set  forth  the 
difference  betAveen  the  theoretical  metric  units  of  length  and  mass 
and  the  arbitrary  standards  on  AAdiich  the  metric  system  is  based. 

"  I  send  you,  by  this  same  mail  a  copy  of  Le  Matin,  a  Paris 
morning  paper  of  good  standing.  If  you  Avill  refer  to  the  blue 
pencil  marks  you  aa^II  probably  be  surprised  to  find  so  many  in- 
dustrial units  of  measure  Avliich  are  neither  decimal  nor  metric. 

'^  Of  course,  AAdien  it  comes  to  making  out  a  bill  or  any  business 
document  Avhere  the  amounts  of  material  are  specified,  it  is  neces- 
sary, according  to  French  laAA^,  to  use  the  units  of  the  metric  system 
in  conA^eying  this  information.  If  this  is  not  done  you  run  the  risk 
of  a  fine. 

''  On  page  5  under  the  heading  Bulletin  Commercial  du  5 
Janvier,  you  Avill  find  short  paragraphs  on  the  trade  in  various 
merchandise.  In  the  paragraph  Spiritueux  you  AAdll  find  the  stock 
is  11,800  pipes  and  that  the  sales  AA^ere  535  pipes.  The  pipe  is,  of 
course,  an  English  measure,  equivalent,  to  105  gallons.  When- 
ever it  is  necessary  to  refer  to  its  contents  for  the  purpose  of  billing 
or  measuring,  the  litre  measure  is  of  course  employed. 

*  Fancy  changing  the  value  of  the  horse-power  at  this  late  date  !  The  propo- 
sition is  no  more  absurd  than  the  proposition  to  change  other  established  units, 
but  it  should  assist  engineers  in  classifying  this  mo7ement  as  a  simple  fad. 
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2[.  "  In  llic  i)ai'aiira])liNNr/T.s'  tlio  trade  unit  is  tlic  sac,  and  under 
tlic  heading'  JJ</h'c/us  Coniinerclalcs^  you  \vill  lind  tlic  sales  of 
eotton  iiiven  in  balles,  and  of  eofl'ee  in  saes.  Ji  is  more  than  proh- 
aMe  that  the  saes  of  su^ar  and  of  coffee  do  not  contain  the  same 
nundxT  (d'  kiloiirammes  of  material  any  more  than  they  contain 
the  same  nnndxT  (d'  ])onnds.  They  are  nevertludess  ii<»n-(l('cimal 
units  and,  like  many  othei's  I  could  find,  if  I  had  the  time,  are 
sanctioned  in  French  commercial  afl'airs.  It  could  not  \v(dl  he 
otherwise. 

<<  I  received  recently  an  advertisement  of  a  coal  and  wood  mer- 
cliaut  who  chissilied  his  wood  as  follows : 

Bois  (1)  traits  =  ^-^ —  =  .in  57 
l.m  14 


(2) 

<( 

= ^ =  .m  DO 

(3) 

(( 

l.m  14            ^Q 
=  -    ,    -  =  .m  28 
4 

(4) 

(( 

l.m  14            ^^ 
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25.  "  The  industrial  non-decimal  unit  in  this  case  is  the  trait. 
The  stere  is  the  decimal  unit  of  wood  measure  of  the  metric  system, 
equal  to  one  cubic  metre,  and  measures  1.14  metres  in  length  of 
wood  by  0.S8  metre  by  1.0  metre.  Consequently  one  trait  refers 
to  the  piece  of  wood  which  is  obtained  by  cutting  the  piece  of  1.14 
metres  into  two  equal  parts.  The  piece  known  as  2  traits  is  ob- 
tained by  cutting  the  1.14  metre  piece  into  three  equal  parts,  etc. 
Although  the  stere  is  the  decimal  unit  of  wood  measure  in  the 
metric  system,  the  manner  of  making  up  the  cubic  metre  clearly 
indicates  that  the  old-fashioned  method  of  cutting  wood  to  a  length 
of  l.ml4  has  not  been  superseded  by  cutting  to  1  metre  lengths. 
The  ohIv  thing  to  do  in  this  case  was  to  make  the  w^ood  pile  O.mSS 
high  to  obtain  the  cubic  metre  or  stere.  It  seems  to  me  that  this 
is  an  instance  of  adhering  to  an  old  well-established  practice  in 
spite  of  the  supposed  advantages  of  the  decimal  units  of  the  metric 
system.  The  wood  merchant  has  taken  the  precaution  to  give  the 
lengths  of  his  wood  in  metric  measure  0.m57,  0.m38,  etc.,  probably 
to  avoid  the  fine. 

26.  ''  If  you  wdll  refer  to  page  6  of  the  Matin,  you  will  find  sev- 
eral advertisements  of  wine  dealers  or  producers.  Four  of  them  re- 
fer to  the  piece  and  only  one  gives  the  contents,  stating  that  his 
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])ic'C'('  coiituins  228  litres.  Three  offer  their  wine  in  (luantities  of  101), 
215,  21cS  tiiul  22<S  litres;  the  first  figure  representing  the  deniie- 
])ieee  and  the  other  three  figures  representing  the  pieee,  the  con- 
tents of  which  varies  throughout  France,  and  which  is  fixed  in 
certain  territories  only.  That  is,  a  piece  of  Bordeaux  would  con- 
tain (according  to  law)  a  certain  number  of  litres  and  a  piece 
of  Burgogne  contains  another  number  of  litres.  The  content 
is  evidently  measured  in  litres,  but  these  imits  of  demie-piece 
and  piece  may  be  considered  as  non-decimal  industrial  units  of 
liquid  measure. 

^'  Since  writing  the  above  I  have  visited  one  of  my  friends  in 
the  coimtry,  about  one  hour's  ride  on  the  railway  from  Paris.  I 
find  the  following  units  in  current  use  in  this  market  town. 

''  The  setier  containing  156  litres  is  used  for  the  sale  of  agri- 
cultural product,  as  grain,  potatoes,  etc. ;  the  minot,  equal  to  ^  mine 
or  30^  litres,  for  the  sale  of  apples;  the  quarteron  for  the  sale  of 
eggs  or  nuts,  equal  to  26  of  each ;  the  feuillette  of  wine,  containing 
135  litres.  For  sale  of  land  the  non-metric  units  of  perche  and 
arpent  are  still  used.  Land  is  also  measured  in  journaux  (plural), 
journal  (singular),  non-decimal  industrial  units  of  land  measure. 
These  words  are  used  in  the  printed  notices  of  sales  posted  up  by 
the  Notaries  Public,  and  are  always  followed  by  the  content  in 
metric  measure.  I  was  shown  some  recent  catalogues  of  brushes 
in  which  everything  was  sold  by  the  ligne,  the  pouce  and  the 
douzaine.  For  that  matter  many  things  are  sold  by  the  dozen  and 
gross  in  France  and  not  by  dizaines  or  lO's. 

27.  "  If  you  will  refer  to  stock  exchange  quotations  in  the  Matin 
you  will  find  a  curious  condition  of  affairs  which  can  be  easily 
explained.  At  bottom  of  page  3  under  the  heading  Change  you 
will  find  all  values  given  in  whole  numbers  and  fractions,  as  ^,  J, 
i,  yV  ^^^  ^2'  Ditto  for  the  'New  York  and  Chicago  quotations  in 
the  same  column.  On  page  5  after  the  heading  Cloture  des 
Bourses  Europeenes,  you  will  find  a  mix-up  of  these  fractional 
parts  and  decimals.  One  strange  example  is  the  *'  Exter  Espag- 
nols  "  quoted  at  8Q^  at  Bruxelles.  This  same  value  under  the 
heading  Bourse  de  Paris  (Rentes  Etrangeres)  is  quoted  87.95  and 
88.02,  that  is,  decimally.  Evidently  these  are  matters  of  custom 
but  it  goes  to  show  that  there  is  no  great  difference  in  the  use  of 
fractional  or  decimal  values,  since  both  are  found  indiscriminately 
on  the  same  page. 

^'  I  enclose  a  paragraph  which  I  have  torn  out  of  Le  Temps 
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for  ])tH'(Miil»iM*  l2.'>,    ll)0l\  rchilivc  lo  one  of  llic  j)1'(»|k»s('(1   Ivpcs  (i( 
I'l'dU'li    cruisers.      ^  on    will   sec   llinl    (lie    iiiMxiiimiii   speed    <»!'   llie 
cruiser  is  e\j)resse<l  in  knots,  and   llie  maxiniuni   |)<>ssil)le  cruisinj^ 
listance,  in  s(>a-niiles."' 

'JS.  "  1  have  i»iven  you  oxain]>les  of  a  nundx'i'  of  non-decimal  in- 
dustrial units  with  names  Avhich  are,  (d"  course,  not  i'ound  in  the 
terminology  of  the  metric  system  of  measures  and  \vei<;iits.  riicy 
are  evidently  old  measures  and  old  names  and  their  values  are  ex- 
l)ressed,  whenever  necessary  (for  special  reasons  to  comjdy  with  the 
law  on  the  ol)lii»at()ry  use  of  the  metric  system)  in  the  units  of  the 
metric  system.  Others  are  decimal  and  metric,  but  n^tain  the  old 
names  for  the  industrial  unit,  as  quintal  for  example,  and  not  one  of 
the  series  of  prefixes  characterizing-  the  metric  units  as  deca,  hecto, 
kilo,  myria,  etc.  Other  units  mentioned  are  su])posed  to  he  obso- 
lete or  prohibited  by  law.  All  this  tends  to  show  that  certain  com- 
promises have  been  made  and  that  old  industrial  non-decimal  units 
are  respected  in  France,  although  their  exact  values  are  expressed 
in  metric  units  whenever  necessary.  This  is  the  situation  some 
65  years  t  after  the  adoption  and  use  of  the  metric  system  was 
voted  obligatory,  and  rather  tends  to  show  the  difficulty  exper- 
ienced in  introducing  a  new  system  of  measures  and  weigths." 

Persistence  of  Old   Units  in  German  Mechanical  Industries. 

20.  In  the  American  Machinist  for  May  3^  1900,  is  an  article  by 
Mr.  Henry  Hess,  of  Berlin,  Germany,  on  metric  screw  threads. 
Mr.  Hess  is  a  personal  friend  and  an  accomplished  engineer,  a 
fact  which  is  attested  by  his  position.  He  was  formerly  with 
the  Niles  Tool  Works  of  Hamilton,  Ohio,  and  when  that  corpora- 
tion established  its  great  branch  works  in  Berlin,  under  the  name 
of  the  German  Niles  Works,  he  was  selected  to  go  to  Germany, 
in  order  to  carry  American  practice  and  American  methods  there, 
and  form  a  connecting  link  between  the  two  companies.  Please 
remember  that  he  is  actively  engaged  in  machine  construction; 

*  Following  is  the  paragraph  in  question:  "Le  cuirasse  type  Patrie,  on  le  sait,  a 
une  longueur  ^6  133  m.  80,  une  largeur  de  24  m.  25  et  un  tirant  d'eau  de  8  m.  376, 
avec  un  deplacement  de  14,865  tonnes.  Sa  vitesse  maxima  est  de  18  noeuds,  et  sa 
provision  de  charbon,  qui  peut-etre  portee  a  1,825  tonnes,  lui  donne  une  distance 
franehissable  de  1,880  milles  a  la  vitesse  maxima."  Note  that  this  is  a  govern- 
ment, not  a  merchant  ship. 

f  The  system  was  originally  adopted  in  1793.  In  1812  this  law  was  repealed^ 
but  was  reenacted  in  1837,  and  took  effect  in  1840.  During  the  interval  1812-1840 
the  system  remained  the  "  legal  system,"  but  its  use  was  not  obligatory. 
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not  in  11  Lnsiness  capacity,  Lnt  as  a  designer  and  constructor,  and 
he  knows  the  facts  from  the  inside. 
Mr.  Hess  writes  (italics  mine) : 

"To  work  with  both  minimotrcs  and  inches  in  the  same  shop,  and  not  infre- 
quontly  on  different  portions  of  a  single  piece,  is  too  illogical  an  arrangement  to 
maintain  itself.  A  further  complication  is  brought  about  by  the  fact  that, 
(hough  like  in  name,  an  inch  is  a  widely  varying  quantity  in  different  sections.  In 
Germany  alone  there  are  at  least  half  a  dozen,  of  which  two,  the  Rhenish  and  the 
English,  are  in  such  very  general  use  as  to  cause  great  confusion." 

I  have  a  personal  letter  from  Mr.  Hess  dated  at  the  German 
Niles  Works,  September  15,  1902,  from  which  I  quote  the  follow- 
ing (italics  mine) : 

"  It  is  quite  true  that  the  great  majority  of  these  [old  provincial  inches]  are 
no  longer  in  use;  still  it  is  to-day  necessary  to  be  very  careful  in  using  rules 
that  are  'purchasable  in  every  hardware  store,  to  make  sure  whether  the  inches 
that  are  given  on  the  reversed  side  are  Rhenish  or  English  inches. 

"  Nearly  universally  the  carpenters  and  other  building  mechanics  use  the  Rhenish 
inch,  and  we  have  occasionally  found  that  men  in  our  shops  have  made  use  of 
their  private  Rhenish  foot-rules. 

"As  to  this  matter  in  France  I  cannot  tell  you  very  definiteh^, but  I  believe 
that  similar  conditions  exist  there,  though  not  to  as  great  an  extent." 

30.  At  my  request  Mr.  Hess  has  sent  me  a  collection  of  these 
German-made  scales,  which,  in  addition  to  the  sacred  millimetre, 
give  upon  their  various  edges  the  English,  the  Rhenish,  and  the 
French  inch,  the  latter  measuring  37  to  the  metre,  as  already  ex- 
plained. These  scales  were  placed  on  exhibition  at  the  presentation 
of  this  paper.  In  an  accompanying  letter,  after  saying  that  the 
purchase  was  made  '^  in  one  of  the  larger  retail  hardware  shops  in 
Berlin,  located  in  the  manufacturing  district,"  Mr.  Hess  goes  on  to 
say : 

"  In  talking  with  the  proprietor,  I  learned  that  practically  all  of  the  small  trades- 
men* with  whom  he  has  to  deal  still  stick  to  the  use  of  the  inch,  and  when  they  want 
.  to  sell  them  anything  according  to  metres,  they  are  informed  that  they  are  used 
to  the  inch  and  foot  and  do  not  wish  to  be  bothered  with  the  metre." 

To  understand  the  full  force  of  this  it  must  be  remembered  that 
to  sell  goods  by  other  than  metric  measures  in  Germany  is  a  fin- 
able offence,  and  Mr.  Hess's  informant  has,  in  fact,  paid  such  fines 
for  acceding  to  his  customers'  demands. 


*  ]^Ir.  Hess  informs  me  that  by  this  word  he  means  mechanics,  not  merchants. 
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AVo  Ikivo  nlso  tlio  testimony  of  Mr.  .1.  11.  l.iiinanl,  a  naval 
airliili'ct  «>!'  I  lie  Xavv  1  )('j);irt  iiunt,  whose  tcstiinony  before  the 
House  coiniiiitteo  is  referred  to  at  Iciiuth  farther  on.  1  have  a 
letter  from  Mr.  I.iiinard  (hited  at  Wasliiiiiitoii,  Se))teml)er  5,  l!>0-i, 
ill  whieh,  after  sayiiiii',  "  1  reeeiitly  made  a  short  ti'ip  to  (Jer- 
maiiy,"  he  goes  on  to  say: 

"The  visit  I  made  to  Germany  was  in  connection  with  visits  to  ship-building 
yards,  and  I  did  not  come  in  contact  with  other  m(>rchants  or  manufacturers.  I 
made  in(iuiry,  liowever,  in  the  .sliip-l)uilding  yards  whether  the  use  of  the  metric 
system  was  universal  in  Germany.  I  found  that  in  all  govc^rnment  work  it  was 
universal,  hut  that  two  yards,  one  of  considerable  importance  at  Flensburg,  and 
one  at  Hamburg,  still  use  the  English  system  of  measurement  for  their  ship 
work." 

?)\.  At  the  hearings  of  the  House  committee  Prof.  Elihu 
Thompson,  in  the  course  of  his  pro-metric  testimony,  read  in  ab- 
stract a  letter  from  ^Ir.  A.  II.  ^loore  (page  4),  saying: 

"Speaking  from  practical  experience  of  the  use  of  the  metric  standard  in  Ger- 
many, he  says  that  the  Whitworth  thread  is  in  almost  universal  use  in  Germany 
and  central-  Europe.  *  *  *  *  Others  [other  machines]  were  designed  in 
Berlin  and  figured  in  millimetres,  but  in  these  the  drill  and  tap  holes  were  figured 
in  inches.  The  peculiar  reason  for  this  was  that,  no  good  twist  drills  having  milli- 
metre dimensions  were  to  be  had,  while  American  twist  drills  were  very  cheap." 

The  general  use  of  English  pitch  threads  in  Germany  is,  of 
course,  well  known,  but  it  will  do  no  harm  to  take  the  fact  from 
a  metric  advocate's  mouth.  The  discriminating  engineer  will  re- 
call that  English  sized  twist  drills  make  English  sized  holes,  and 
he  will  take  the  use  of  English  sized  screws  and  twist  drills  as  addi- 
tional evidence  that  the  millimetre  has  not  yet  driven  the  inch 
from  German  machine  shops,  and  that  Germany  is  still  in  the 
transition  period. 

32.  The  letter  from  M.  Benet,  of  Paris,  from  which  extracts 
were  given  in  the  previous  section  contains  the  following : 

"  In  my  o\a\  experience,  I  recently  had  to  order  a  quantity  of  hardened  steel 
balls  from  the  Waffenfabriken  at  Berlin  in  metric  Germany.  The  sizes  of  these 
balls  were  given  in  |,  i,  ^,  and  y-^  inch,  etc.,  and  the  balls  delivered  to  me  accur- 
ately gauged  to  English,  and  not  to  metric  dimensions.  To  cap  the  climax,  the 
quotations  up  to  i^^  inch  were  so  much  per  gross,  after  that  so  much  per  hundred.'* 

Finally,  recall  Mr.  Patterson's  letter,  which  has  already  been 
given  in  correction  of  Mr.  Stratton's  mistake.     While  this  letter 
27 
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uses  the  word  pipe  only,  it  is  a  fact  that  the  !N'ational  Tube  Com- 
pany liave  a  hirge  trade  in  France  and  Germany  in  both  boiler 
tubes  and  pipe,  which,  as  Mr.  Patterson's  letter  shows,  are  made 
to  English  dimensions.  This  can  only  be  interpreted  as  meaning 
that  a  good  deal  of  boiler  and  pipe  work  is  done  in  those  countries 
on  the  inch  basis. 

Do  not  forget  that  this  condition  of  things  obtains  twenty-eight 
years  after  the  system  was  made  compulsory  in  Germany. 

33.  Our  manufacturing  interests  and  methods  are  immensely 
more  developed  than  those  of  Germany  twenty-eight  years  ago,  with 
a  corresponding  increase  of  difficulty  in  changing,  and  yet,  with 
the  change  incomplete,  in  Germany  after  twenty-eight  years, 
these  people  go  to  Washington  and  give  it  as  their  opinion  that 
with  us,  and  without  compulsion,  three  to  five  years  will  do  it  all. 
We  are  told  that  we  have  three  kinds  of  gallons  and  two  kinds  of 
pounds,  and  must  therefore  add  the  litre  and  the  kilogram  to  the 
list,  but  how  does  our  situation  compare  with  10  ells  and  half  a 
dozen  inches? 

In  the  face  of  such  facts  as  these  what  shall  be  said  of  such  tes- 
timony as  that  of  Mr.  G.  L.  Cabot  (page  135),  that  "  in  the  case 
of  Germany  and  Austria  only  between  two  and  three  years  were 
required  to  make  the  complete  change,  and  with  highly  satisfac- 
tory results"?  What  shall  be  said  of  the  testimony  of  numer- 
ous. United  States  consuls  quoted  at  such  length  by  Mr.  Stratton 
(pages  163,  164)?  A  consul  sees  that  the  dry  goods  merchants 
have  changed  the  tacks  upon  their  counters  with  which  they 
measure  cloth  and  ribbon,  that  the  grocers  have  metric  weights 
alongside  their  balances,  and  that  invoices  and  bills  of  lading  are 
made  out  in  metres  and  kilogrammes,  and  he  concludes  that  the 
metric  system  is  in  universal  use.  He  can  know  nothing  of  the 
production  side  of  the  matter,  and  a  native  of  France  or  Germany 
in  many  walks  of  life  need  know  no  more.  It  is,  however,  on  such 
evidence  as  this  that  this  case  largely  rests. 

Moreover,  what  shall  be  said  of  such  negative  testimony  as  that 
of  Mr.  Henning  (page  600,  vol.  xviii.,  of  the  Transactions) :  "  I 
have  been  abroad  some,  but  I  have  never  heard  of  the  English 
inch  being  used  as  a  standard  in  any  of  the  countries  I  have 
visited,  except,  of  course,  England."  As  one  who  is  accustomed 
to  weigh  scientific  data,  Mr.  Henning  will  be  the  first  to  see  that, 
in  view  of  the  fact  that  others  find  inches  in  use  everywhere,  his 
own  failure  to  find  them  counts  for  nothing. 
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The  Prrsisfence  of  Old   I^iiUs   hi   S'pdln. 

o4.  From  ^Ir.  froliii  IF.  Ball,  of  Barccldiin,  Spniii,  iiiainifar-ini-ci- 
of  iiiacliinc  tools,  1  have  the  followini^-: 

*'  Your  ])a})c'r  on  the  metric  system  is  at  hand  and  L  cordially 
agTee  with  your  conclusions.  .  .  .  For  the  two  countries 
[  Euiiland  and  the  United  States]  who  do  more  trade  between  tlicm 
than  all  the  rest  of  the  world  put  together,  to  take  on  the  mixture 
of  the  so-called  metric  countries  would  be  an  absurdity. 

^'  Spain  is  included  among  the  countries  whose  legal  weights 
and  measures  follow  the  metric  system.  As  prior  to  the  passing  of 
the  law,  each  province,  and  indeed,  nearly  every  town  of  any  im- 
portance had  its  own  local  scale,  the  unification  of  these  numerous 
and  bewildering  scales  by  the  introduction  of  the  metric  system  to 
displace  the  oldest  measures,  was  a  step  in  the  right  direction.  But 
between  passing  a  law  and  compelling  its  carrying  out,  there  is  a 
wide  gulf  fixed.  I'hus  Avhile  the  metric  system  is  universally 
understood,  and  nominally  reigns,  not  more  than  half  the  everyday 
business  transactions  are  carried  out  on  a  metric  basis.  Land  con- 
tinues to  sell  by  the  ^  palmo  '  or  span.  Lineal  and  superficial 
measures  include  the  '  palmo,'  the  ^  vara,'  or  yard,  wdiich  like 
most  of  the  old  measures  differs  with  every  province,  the  ^  cana,' 
about  1^  metres,  the  ^  destre  '  of  from  2.829  metres  to  4.214 
metres.  Oils  and  wines  sell  by  the  '  cuarto,'  ^  arroba,'  'cantara  ' 
and  several  other  measures ;  cereals  by  ^  f anegas  '  and  ^  fer- 
rados  ' ;  coal  and  coke  by  the  ^  arroba,'  '  quintal '  or  ^  tonelada,' 
and  the  last  mentioned  is  the  only  one  of  the  lot  that  is  approxi- 
mately an  exact  metric  measure,  while  there  are  about  20  different 
^  libras,'  or  pounds,  in  use,  ranging  from  0.350  kilogram  to  0.579 
kilogram,  each  of  which  is  common  to  its  town  or  province. 

35.  "The  rule  generally  used  in  the  shops  is  a  many-jointed  fold- 
ing ^  metro '  of  wood,  wdiich  carries  metric  and  English  measures, 
but  there  are  large  numbers  sold  also  of  French  make,  and  which 
carry  the  French  inches  in  addition  to  the  English  and  metric.  In 
regard  to  the  change  from  English  to  metric  measures  proposed  in 
the  LTnited  States  and  being  agitated  in  England,  it  surely  w^ould 
be  a  great  pity  to  throw  deliberately  aw^ay  the  uniformity  at  pres- 
ent reigning  in  those  countries.  However  great  may  be  the  theo- 
retical advantage  of  the  metric  system,  the  matter  resolves  itself 
entirely  into  one  of  use  or  practice.  After  four  and  a  half  years 
in  a  professedly  metric  countrv.  the  Enadish  system  is  still  to  me 
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the  easier,  ()win<>"  to  the  greater  number  of  years  of  practice  I  have 
had  witli  it.  After  some  forty  or  more  years  of  metric  system  in 
this  country  the  mixture  is,  after  all  these  years,  an  abominable 
mixture  still,  and  bids  fair  to  continue  so  for  very  many  years 
more. 

"  As  evidencing  the  nuisance  now  caused,  I  may  quote  the  fol- 
lowing: I  recently  bought  a  French  lathe,  constructed  in  Paris, 
and  nominally  of  the  latest  model.  The  lead  screw  is  4  per  inch, 
the  gearing  cut  to  Brown  &  Sharp  formula,  all  outside  bolts  are 
English  pitch,  but  the  countersunk  screws  in  the  saddle  are 
-^  diameter  by  IJ  mm.  pitch,  which  cannot  be  cut  by  any  combina- 
tion of  gears  supplied  with  the  lathe,  so  that,  one  being  lost,  I  have 
either  to  make  a  127-tooth  Avheel,  or  get  a  special  screw  from  the 
makers  of  the  lathe." 

The  Pei'sistence  of  Old   Units  in  Spanish- America. 

36.  The  most  recent  star  example  of  quick  change  in  weights  and 
measures  to  which  the  metric  advocates  point  is  Mexico.  Mr. 
Troemner  testified  (p.  11):  "  Only  recently,  within  the  past  two 
weeks,  I  talked  with  the  Commissioner  of  Mines  of  Mexico,  who 
visited  me,  and  he  told  me  the  metric  system  w^as  working  mag- 
nificently in  Mexico  and  that  they  had  made  the  jmnp  at  once 
from  one  standard  to  the  other." 

Following  is  an  extract  from  a  letter  from  the  Superintendent 
of  Machinery  of  the  Mexican  Central  Railway — Mr.  Ben  Johnson. 
The  letter  is  dated  at  Mexico  City,  October  7,  1902: 

"We  use  nothing  whatever  but  American  measurements  in  the  work  of  the 
mechanical  department.  Our  drawings  of  locomotives  and  cars  and  our  shop  tools 
are  all  in  American  measurements,  and  as  far  as  my  information  goes,  this  is  the 
case  with  nearly  all  railroads  in  Mexico." 

The  Mexican  Commissioner  of  Mines  has,  it  is  clear,  no  knowl- 
edge of  the  practice  of  Mexican  railroads.  What  reason  is  there 
for  supposing  that  he  has  any  knowledge  of  other  interests  outside 
his  immediate  personal  experience? 

37.  In  the  journal  of  the  Franklin  Institute  for  ^N'ovember,  1902, 
I  find  a  letter  from  Mr.  B.  C.  Canby,  who  has  lived  in  Mexico 
for  four  and  a  half  years,  where  he  is  in  charge  of  the  works  of  the 
Montezuma  Lead  Co.,  of  Santa  Barbara,  Chihuahua.  From  this 
letter  I  make  the  following  extract : 
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"About  a  year  ago  I  was  sent  by  the  company  to  the  Stat<'  of  Cliilmaliua  to 
superint(MKi  some  new  inetalliirf2;ieal  operations,  and  it  is  surprising  to  me  at  this 
time  to  see  the  liabol  of  standards.  The  survey  of.the  hind  upon  wliieh  the  works 
are  built,  as  well  as  all  levels.  ar(>  in  the  metrie  system.  The  plans  for  all  build- 
ings and  maehin(M-y  are  in  the  American  system.  A  building  so  many  feet  long 
and  so  many  feet  wide  is  on  such  and  such  a  metre  lc\'el.  All  lumber  ordered 
from  Texas  or  from  the  mills  in  the  Sierra  Madre  is  ordered  so  many  indies  by  so 
many  feet  in  customary  I'nited  States  sizes.  Local  dealers  sell  you  so  many 
metres  of  such  or  such  inch  pipe,  and  the  bill  so  reads.  All  valves  and  fittings 
come  in  inches.  Of  merchant  iron  you  buy  so  many  kilos  of  the  dimensions  given 
in  inches,  and  I  have  a  list-card  from  one  of  the  ^fcxican  mamifadurcrfi  of  bar  and 
sheet-iron  giving  the  dimensions  in  I,  J,  ^  and  -/(,-  of  an  inch,  that  would  suit  the 
most  conservati\e  of  your  correspondents.  Obliging  salesmen  in  the  stores  can 
always  give  you  the  price  in  '  metros'  or  '  varas.'  Your  cordwood  has  to  be  con- 
verted from  '  cargas'  and  3'our  hay  or  straw  from  '  arrobas.'  " 

38.  Mv  friend  and  former  associate  in  the  business  of  the  Rand 
Drill  Company — Mr.  V.  M.  Braschi  now  and  for  twelve  years  in 
the  mining  machinery  and  snpply  business  in  the  city  of  ^lexico — 
tells  me  the  same  story  as  that  given  in  Mr.  Canby's  letter.  He 
sells,  for  example,  so  many  metres  of  J-inch  wire  rope.  The  di- 
mension which  the  merchant  measures  off,  and  by  which  he  sets  his 
price  is  metric,  but  other  dimensions  may  be  in  any  unit  which  may 
be  convenient.  What  a  tremendous  saving  of  time  in  calculations 
this  must  lead  to  ! 

The  metric  system  of  weights  and  measures  became  compulsory 
in  Mexico,  January  1,  1884. 

39.  The  conditions  in  Brazil  are  thus  ex])lained  by  M.  de 
L'Espee,  who  has  already  been  quoted  regarding  conditions  in 
France : 

*'  In  South  America,  the  progress  with  the  general  public  has  been  slower,  as 
could  have  been  expected.  In  Brazil,  a  country  I  know  well,*  outside  of  the  large 
cities  metric  units  are  in  but  little  use,  and  the  variety  of  standards  is  practically 
unlimited.  Most  books  give  such  units  as  vara,  etc.,  which  I  never  saw  em- 
ployed.    Those  I  saw  in  use  are  the  follo\^-ing : 

''Length:  The  poUegada  (inch);  the  palma  (the  old  French  palme  of  22 
centimeters) ;  the  pe  (foot) ;  the  braca  (brasse) ;  the  legua  (league)  of  6,600  metres. 

"Area:  The  alquiere,  containing  8  salamis,  and  varying  widely  in  size  from 
one  place  to  another;  it  is  equal  to  2.2  hectares  in  Minas  Geraes. 

"  Volumes:  The  alquiere  of  33  litres  is  used  for  grain,  as  well  as  the  carro,or 
load  of  a  bullcart.  For  liquids,  the  pipa  of  some  600  litres,  and  the  cargueiro  or 
mule  load,  consisting  of  2  small  barrels  of  40  litres  each. 

"  Weights:  The  arroba  of  15  kilos  is  generally  used,  to  such  an  extent  that  the 
Rio  Janeiro  Exchange  has  to  mark  coffee  quotations  in  arrobas,  whereas  the 

*  M.  de  L'Espee  lived  four  years  in  Brazil. 


^ 
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Santos  iiiarkcl  gives  quotations  per  10  kilos.     Gold  is  uniformly  sold  by  the 
oitava(J  o/.) 

Following  are  extracts  from  a  letter  by  Mr.  D.  S.  Iglcliart,  of 
the  export  house  of  W.  11.  Grace  &  Co.  He  lived  for  a  time  in 
Peru,  and  has  fortified  his  recollection  of  the  facts  by  consulting 
the  Peruvian  Consul  General: 

"I  have  to-day  seen  the  Peruvian  Consul-General,  who  advises  me  that  the 
metric  system  of  weights  and  measures  was  established  as  the  legal  standard  in 
Peru,  November  29,  1862. 

"As  regards  the  system  used  in  length  measurements  among  merchants,  the 
standard  almost  universally  employed  is  the  vara  (.836  metres).  This  is  especially 
true  of  the  retail  trade.  Among  wholesale  merchants  the  metre  is  at  times  em- 
ployed, as  is  also  our  yard.  Feet  and  inches  are  used  in  connection  with  the 
vara. 

"  What  I  have  said  regarding  Peru  is  more  or  less  true  of  Chile,  although  I  think 
that  there  the  metric  system  is  a  little  more  extensively  employed." 

40.  At  the  Indianapolis  (1892)  meeting  of  the  j^ational  Associa- 
tion of  Manufacturers  I  had  a  long  conversation  with  Mr.  Kudolf 
Dolge,  who,  as  a  representative  of  that  association,  has  travelled 
extensively  in  Europe,  China,  and  Venezuela,  in  which  last 
country  he  has  lived  for  four  years.  He  has  acted  in  almost  every 
conceivable  commercial  capacity  for  almost  every  conceivable  kind 
of  business,  having  had  charge  of  the  warehouse  of  the  associa- 
tion at  Caracas,  Venezuela,  and  his  opportunities  for  observation 
have  thus  been  unique.  His  story  is  the  same  as  that  of  Mr.  Igle- 
hart — in  Venezuela  the  metre  is  practically  unknown,  the  old  vara 
being  the  commercial  unit  of  length.*  He  reports  the  same  con- 
dition in  China,  where  he  lived  for  two  years.  For  the  claim  that 
the  metre  is,  in  any  real  sense,  established  as  an  international 
unit  he  has  nothing  but  contempt. 

As  I  read  the  testimony  of  Mr.  Iglehart  and  Mr.  Dolge,  the  dry- 
goods  merchants  of  Peru  and  Venezuela  have  not  yet  changed 
the  tacks  upon  their  counters  wherewith  they  measure  ribbon. 

For  additional  facts  regarding  the  persistence  of  old  units  in 
Spanish-America,  see  the  next  section.  Every  Spanish- American 
country,  I  believe,  appears  in  the  table  of  that  section. 

*  A  letter  directed  to  Mr.  Dolge  at  Caracas  has  elicited  no  reply — a  fact  which  I 
attribute  to  the  disturbed  political  condition  of  the  country.  My  recollection  of 
his  Indianapolis  conversation  is,  however,  entirely  clear. 
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The  Persideme  of  Old   Uiiits  in  Metric  Countries  Generally. 

41.  In  S])ocial  Consular  Keports,  vol.  xvi.,  issued  by  the  Bureau 
of  Foreign  Coninierce  of  tlie  State  Department,  Wasliinf;ton,  1  find 
a  table  of  "  K(piivalents  of  Doniestie  and  Foreign  Weights  and 
Measures  as  Established  by  Law  or  Custom.''  Folhjwing  is  an  ab- 
stract of  as  much  of  this  table  as  relates  to  noii-meti'ic  units  used 
in  metric  countries.'^ 


i2.     NOX-METRIC    UNITS    USED    IN    METRIC    COUNTRIES. 

COMPILED  BY   THE   DEPARTMENT   OF   STATE,    WASHINGTON. 


Denominations. 


Aam(\vine). .  . 
Aam  (oil)  .  .  .  . 
Aam 

Do 

Achtel : 

Drv 

Solid 

Ahm  (liquor) . . 

Do 

Do 

Do 

Ahm  (liquor) . . 
Almude 

Do 

Do 

Do 

.\ln... 

Alqueire  {dry) 

Alqueire 

Alqueire  (dry) 
Alqueire 

Do 

Alqueire  (dry) 

Am  or  ahm 

Amola 

Anker 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Where  n^vd. 


American  equivalente. 


Amsterdam ;41  gallons. 

....  do 37.73  gallons. 

Antwerp 57.5035  gallons. 

Rotterdam 140.559  gallons. 

Austria 'o.2181  bushel. 


Prussia 

Amsterdam.  . . . 

Hamburg 

Hanover 

Leipsic 

Lubeck 

Canary  Islands. 

Lisbon. 

Oporto 

Sicily  

Sweden 

Brazil 

Lisbon 

...do 

Oporto 

Portugal : 

....do 

Sweden 

Genoa 

Amsterdam 

Hamburg 

Rigf 


Rostock 9.562  gallons 


Rotterdam . 

'.  Sweden 

I  Alexandria . 


10. 1392  gallons. 
13.3608  gallons. 
7.6907  bushels. 
Cairo 5. 1649  bushels. 


0.2083  bushel. 
40.00  gallons. 
38.1473  gallon.s. 
41.4395  gallons. 
40.0769  gallons. 
39.5739  gallons. 
0.1481  bushel. 
4.3697  gallons. 
6.731  gallons. 
4.896  gallons. 
0.6494  yard. 
1.1042  bushels. 
2.1848  gallons. 
0.3837  bushel. 
3.3128  gallons. 
2.1848  gallons. 
4.75  bushels. 
41.4432  bushels. 
0.2175  bushel. 
10.25  gallons. 
9.5368  gallons. 
10.333  gallons. 


*  Examination  of  this  table  will  show  that  strict  accuracy  in  the  selections  is 
not  easy.  Owing  to  this  difficulty,  I  have  endeavored  to  resolve  all  doubts  in 
favor  of  the  metric  system  and  follo\\'ing  this  policy  have  omitted  all  Russian  and 
Danish  units.  In  spite  of  this  policy  it  is  possible  that  the  table  may  contain  a 
few  units  which  should  have  been  excluded ;  but  for  every  such  unit  there  are  not 
less  than  three  which  belong  in  the  table,  but  which  because  of  the  abo^'e  named 
policy  have  been  excluded.     The  reader  will  note  the  numerous  German  units. 
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NON-MET HIC   UNITS  USED  IN  METRIC  COViiTKlKS- Continued. 


Denominations. 


Airatol 

Do 

Arroba 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Arsin . , 

Aune 

Do 

Do 

Do 

Bambou 

Barile 

Barile  (oil) .... 
Barile  (wine) . . , 
Barile 

Do 

Do 

Barril  (honey) . 

Barril 

Barril  (raisins) . 
Barique  (wine). 

Do 

Do 

Batman 

Do 

Boccale 

Do 

Do 

Do 

Bota 

Do 

Botta 

Do 

Do 

Box: 

Raisins 

Do 

Braccio 

Do 

Do 

Caban : 

Cocoa 

Rice 

Canada 

Do 

Canna 

Do 

Do 


Where  used. 


Brazil 

Portugal 

Argentina 

Bolivia 

Brazil 

Buenos  Ayres . . 
Canary  Islands . 

Cuba 

....do 

Mexico 

Chile 

Portugal 

Spain 

....do 

Hungary 

Basel 

Belgium 

France 

Geneva 

Madagascar 

Argentina 

Genoa : . 

....do 

Malta 

Mexico 

Naples 

Havana 

Lisbon 

Malaga 

Bordeaux 

Nantes 

Rochelle 


Constantinople 

Bologna 

Leghorn 

Milan 

Venice 

Portugal 

Spain 

Messina 

Naples 

Rome 


Malaga 

Deiaa  and  Valencia . 

Basel 

Leghorn 

Milan 


Manila 

... .do 

Bahia 

Rio  Janeiro. 

Genoa 

Leghorn 

Messina  .  .  . 


American  equivalents. 


1.019  pounds. 
1.012  pounds. 
25.32  poimds. 
25.3537  pounds. 
32.38  pounds. 
25.36  pounds. 
4.245  gallons. 
25.4375  pounds. 
4.1  gallons. 
25.365  pounds. 
25.365  pounds. 
32.38  pounds. 
25.36  pounds. 
4.2630  gallons. 
0.6392  yard. 
1.2833  yards. 
0.7611  yard. 
1.25  yards. 
1.25  yards. 
0.0576  bushel. 
20.0768  gallons. 
17,0835  gallons. 
19.61  gallons. 
11  gallons. 
20  gallons. 
11.5732  gallons. 
6  gallons. 
78.655  gallons. 
50.6  pounds. 
60  gallons. 
63.405  gallons. 
46.04  gallons. 


19.132  pounds. 
0.346  gallon. 
0.301  gallon. 
0.208  gallon. 
0.267  gallon. 
113.631  gallons. 
127.89  gallons. 
108  gallons. 
128.879  gallons. 
246.6  gallons. 

44  pounds. 
56  pounds. 
0.5951  yard. 
0.6383  yard. 
1.0936  yards. 

83.50  pounds. 
133  pounds. 
1.8727  gallons. 
0.3641  gallon. 
2.4518  yards. 
2.553  yards. 
2.3111  yards. 
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NONMETHIC   IMTS   USED   IN    METRIC  COVST\UE3-(:uiUiiiuei/. 


Denominations. 


Where  used. 


American  i-quivalents. 


Cantara  (maximuni)   .... 

C'aiitara  (mean) 

Cantaro 

Do 

Do 

Cantaro  (grosso) 

Cantaro  (sottilo) 

Carjia  (raisins) 

Carga  (raisins) 

Carga  (wine) 

Carga  (oil) 

Carrata : 

Marble 

Solid 

Carreau  (stone) 

Carro  (dry) 

Do.; 

Cattv 

Do 

Do 

Cavezzo  

Do 

Centner 

Do 

Do 

Do 

Do 

Do 

Chenng 

Do 

ChikorChih 

Corba 

Dry 

Coupe (jreneva 

Co\id 


Spain 4.8714  gallons. 

....  do |3.37r),'i  irallons. 

Cairo 9.'). 0312  pijunds. 

Constantinople  1 40. 3( MIS  pounds. 

Cuba ,4.1  gallons. 

Gienoa 115.31  pounds. 

...  .do ;  104. S3  pounds. 

Malaga ,  177.5  pounds. 

Valencia I33S.44  pounds. 

Barcelona jSl  .8403  gallons. 

.  .  .  .do .  32.6524  gallons. 

I 

I 

Carrara 2,240  pounds. 

....  do |7. 1 268  cubic  feet. 

France 3.632  cul^ic  feet. 

Naples 56.3258  bushels. 

....  do 257.757  gallons. 

China 1.3333  pounds. 

Japan 1 .3085  pounds. 

Java 1 .356  pounds. 


Florence 3.8257  vards 

Venice 2.2818  yards. 

Bremen 127.5  pounds. 

Norway 110.11  pounds. 

Nurnberg 112.43  pounds. 

Prussia 113.44  pounds. 

Sweden 112.512  pounds. 

Vienna 123.4677  pounds 

Canton 4.1007  vards. 

Pekin |3.6458  vards. 

China l0.3917  Vard. 

Bologna '20.7618  gallons. 

do 2.2317  bushels. 

2.2036  bushels. 


Do China 0.3907  yard. 

Do Java 0.75  yard. 

Cubic  foot  (marble) Carrara ]l85  pounds. 

C\ibic  foot  (on)'x) 'Mexico 215  pounds. 

C\ibic  palmo  (marble) Italv 0.555  cubic  foot. 

Derah Cairo 0.708  vard. 

Dirhem 


Do 

Drachma 

Do 

Do 

Dragma 

Dreiling 

Duim 

Eimer 

Eimer  (beer) 

Eimer  (wine) 

Eimer 

Do Hamburg 

Do Leipsic .  . . 


Constantinople 

Cairo 

Hungary  

Vienna 

Amsterdam 

^'ienna 

Holland 1.094  yard 

Austria '14.9526  gallon 


49.5  grains. 

48.6  grains. 
48.62  grains. 
67.69  grains. 
59.32  grains. 
448.5741  gallons. 


Bavaria , 
Bavaria 
Berlin.  . 


Do. 
Do 


Nurnberg 
Prague.  .. 


18.0751  gallons. 
16.9444  sallons. 
18.1464  gallons. 
7.6295  gallons. 
20.03S4  gallons. 
18.2233  gallons. 
16.9515  gallons. 
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NON-METRIC    UNITS    USED  IN  METRIC    COVNTTilES -Continned. 


Dononiinations. 


Eimor 

Einicr  (lautcr-niass) . 
Eimer  (triibor-mass) 

Ell 

Elle 

Do 


Do 

Do 

Do 

Do 

Do 

Elle  (silk) .... 
Elle  (wool) .  .  . 
Elle 

Do 

Do 

Do 

Embar 

Emmer 

Estado 

Fanega 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Fanga 

Do 

Do 

Do 

Fass 

Do 

Fass  (oil)  .... 

Fass  (dry) 

Fass  (wine)  .  . 
Fass  (beer) .  . . . 

Fass 

Fass  (dry) .... 
Fass  (wine) .  . . 
Fass  (beer) .  . . . 
Fjerding 

Do 

Fjerding  (dry) 

Fot 

Frasco  

Fuder 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Fuss 

Do 


Where  used. 


Rostock 

Zurich 

.  ..  .do 

Holland 

Austria 

Basel • 

Bavaria 

Berlin 

Bremen 

Dresden 

Frank!"  ort-on-thc-Ma  in 
Hamburg 

..do 

Munich 

Prague 

Rostock 

Zurich 

Sweden 

Antwerp 

Spain 

Buenos  Ayres 

Chile 

Havana 

Maderia 

Mexico 

Montevideo 

Spain , 

Valparaiso 

Azores  Islands 

Lisbon 

Oporto 

Rio  Janeiro 

Berlin 

Bohemia 

Hamburg 

..do 

Leipzig 

..do 

Prague 

Rostock 

Vienna 

..do 

Finland 

Sweden 

..do 

Sweden 

Brazil 

Berlin 

Copenhagen 

Frankfort-on-the-Main 

Hamburg. 

Leipzig 

Rostock 

Sweden 

Vienna 

Antwerp 

Berlin 


American  equivalents. 


7.0506  gallons. 
28.9275  gallons. 
.30.866  gallons. 


094  yards. 
0.8522  yard. 
1.2337  yards. 
0.911  yard. 
0.7293  yard. 
0.6438  yard. 
0.6196  yard. 
0.5986  yard. 
0.6266  yard. 
0.7562  yard. 
0.911  yard. 
0.6496  yard. 
0.6325  yard. 
0.6563  yard. 
20.7327  gallons. 
8.8059  gallons. 
1.8547  yards. 
3.75  bushels. 
2.838  bushels. 
3.1102  bushels. 
1.601  bushels. 
1.5473  gallons. 
3.868  gallons. 
1.5753  bushels. 
2.5753  bushels. 
1.36  bushels. 
1.5347  bushels. 
1.9374  bushels. 
1.5347  bushels. 
60.497  gallons. 
64.56  gallons. 
38.2556  gallons. 
1.4941  bushels. 
100.1737  gallons. 
95.4052  gallons. 
67.806  gallons. 
0.2758  bushel. 
153.2629  gallons. 
31.7727  gallons. 
8.2931  gallons. 
8.29  gallons. 
0.5196  bushel. 
0.9714  foot. 
0.5625  gallon. 
217.7883  gallons. 
237.3375  gallons. 
227.3462  gallons. 
229.7791  gallons. 
240.4612  gallons. 
229.5178  gallons. 
258.8028  gallons. 
478.479  bushels. 
0.3123  yard. 
0.3432  yard. 
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NON-METRIC  UNITS   USED   IN   METRIC  COUNTRIES- r'ow/f/^wfrf. 


Denominations, 


Tuss 

Do 

Do 

Do 

Do 

Do 

Hok  (doO  .... 

Ikje 

Ink 

Kan 

Do 

Kande  

Kanne 

Do 

Do 

Do 

Kanne  (butter) 

Kanne  

Kasten 

Knital 

Klalter 

Klafter  (solid) . 

Klafter 

Klafter  (solid) . 
Klafter 

Do 

Do.......  . 

Klafter  (solid) . 
Klafter 

Do........ 

Klafter  (solid) . 

Kong-pu 

Kopf 

Korb 

Kumme 

Kwan 

Lagel  (steel) .  . . . 

Landfass 

Last 

Last 

Last  (dry) 

Last 

Do 

Lastre 

Legger  (arrack) 

Do 

Leung 

Libbra 

Libbra  (old) .  . . . 
Libra 

Do 


Do. 

Do 

Do 

Do, 

Do, 

Do 


Where  used. 


Bremen 

Frankfort 

Hamburg 

Hungary 

Munich 

\'ienna 

Ciiina 

.In  pan 

Japan 

China 

Holland 

Norway 

Hatavia 

Hamburg 

Leipzig 

Rostock 

Saxony 

Vienna 

Wurtemberg  .  . 
Constantinople 

Basel 

Basle 

Berlin 

...do 

Bremen 

Hamburg 

Leipzig 

...do 

Menna 

Wurtemberg  .  . 

...do 

China 

Zurich 

Zurich 

Berlin 

China 

Prussia 

Berne 

Amsterdam .  . . . 
Bremen 

...do 

Hamburg 

Prussia 

.Argentina 

Amsterdam . .  .  . 

Batavia 

China 

Bologna 

Italy 

Chile 


American  cqufvalentH. 


().8U)3yard. 
0.311.3  yard. 
0.3133  yard. 
0.34.57  yard. 
0.3192  yard. 
0.34.57  yard. 
1.0887  bushel.s. 
2.3105  yards. 
2.078.5  yards. 
1.3333  pounds. 
0.2042  gallon. 
0.5104  gallon. 
0.39.39  gallon. 
0.4782  gallon. 
0.3181  gallon. 
0.4349  gallon. 
24.7344  pounds. 
0.1873  gallon. 
4.0047  bushels. 
124.564  pounds. 
L2893  yards. 
128  cubic  feet. 
2.0595  yards. 
117.907  cubic  feet. 
189.77  yards. 
1.8799  yards. 
1.8547  yards. 
100.49  cubic  feet. 
2.0742  yards. 
1.88  yards. 
119.583  cubic  feet. 
0.3347  yard. 
0.9643  gallon. 
10.538  bushels. 
26.841  cubic  feet. 
40  pounds. 
103.1156  pounds. 
264.971  gallons. 
85.2457  pounds. 
329.718  pounds. 
84.078  bushels. 
89.8163  bushels. 
112.292  bushels. 
58.404  bushels. 
153.752  gallons. 
160  gallons. 
0.0833  pound. 
0.7984  pound. 
0.8146  pound. 
1.0141  pounds. 
1.0161  pounds. 


Cuba 

Mexico 1.01465  pounds 

Peru !  1 .0143  pounds. 

1.0143  pounds. 

1.0143  pounds. 

1.0143  pounds. 

1.0143  pounds. 


bpam 

United  States  of  Colombia 

Uruguay , 

Venezuela 


428 


THE   METRIC    SYSTEM. 


NON-METRIC  UNITS  USED  IN  METRIC  COUt^THIES— Continued . 


Denominations. 


Libra ; , 

Lispuiul 

Lispmul  (iiiotal)  .  .  . 
I^ispund  (\iktuali(') 

Litra 

Livro 

Do 

Do 

Do 

Livro  (silk) 

Maas 

Do 

Maat  (salt) 

Mallal 

Maltcr 

Do 

Do 

Mass 

Do 

Medida 

Metical 

Metze 

Do 

Mezzaruola 

Mina 

Do 

Do 

Moggio 

Moio 

Monkelzer 

Monme 

Mudde 

Muid 

Do 

Do 

Mutt 

Do 

Ocquich 

Ohm 

Do 


Do. 
Do 
Do. 
Do 


Oka. 


Do 

Do 

Do 

Do 

Orcio  (oil) 

Ottingkar 

Outava  (precious  stones) 
Oxhoft 

Do 

Do 

Do 

Oxhoft  (brandy) 


Where  ut-ed. 


Porto  ll'ivo 

Norway 

Sweden 

.  .. .do 

(Ireece  

.\ntw(^rp 

Bordeaux 

Brussels. 

Geneva 

Lyons 

Austria 

Bavaria 

Amsterdam .  .  .  . 

Barcelona 

Baden 

Prussia 

Zurich 

Austria 

Bavaria 

Brazil 

Constantinopl> 
Austria.  ...... 

Hungary 

Genoa 

Genoa 

Greece 

Milan 

Venice 

T  jsbon 

Persia 

Japan 

Holland 

French  Guiana 

Brussels 

Paris 

St.  Gall 

Zurich 

Cairo 

Baden 

Basel 

Berlin 

Bremen 

Frankfort 

Lubeck 

Cairo 

Constantinople 

Egypt 

Greece 

Hungary .  ...... 

Florence 

Finland .  .'. 

Brazil .  . , 

Berlin 

Dresden 

Hamburg 

Hanover 

Leipsic 


American  equivalents. 


I.OIGI  pounds. 
17.0L58  pounds. 
14.9905  pounds. 
18.7457  pounds. 
0.2642  gallon. 
L037  pounds. 
1.1024  pounds. 
1.0311  pounds. 
1.2142  pounds. 
1.01 18  pounds. 
0.373  gallon. 
0.2824  gallon. 
1.745  bushels. 
3.9812  gallons. 
4.2567  gallons. 
18.7164  bushels. 
9.4416  bushels. 
0.373  gallon. 
0.2824  gallon. 
0.7331  gallon. 
74.25  grains. 
1.7454  bushels. 
1.774  bushels. 
39.2172  gallons. 
3.4257  bushels. 
2.2046  pounds. 
2.6418  gallons. 
9.081  bushels. 
23.0202  bushels. 
0.7836  yard. 
3.750  grammes. 
2.8378  bushels. 
70.8552  gallons. 
8.032  bushels. 
53.1579  bushels. 
2.344  bushels. 
2.3304  bushels. 
0.1504  ounce. 
39.6267  gallons. 
13.4459  gallons. 
49.8197  gallons. 
38.2965  gallons. 
37.891  gallons. 
38.4394  gallons. 
2.7771  pounds. 
2.8342  pounds. 
2.7235  pounds. 
3.3714  pounds. 
3.0817  pounds. 
8.8315  gallons. 
4.1476  gallons. 
0.1307  ounce. 
54.4391  gallons. 
53.43  gallons. 
57.221  gallons. 
62.1593  gallons. 
60.1153  gallons. 


1 


Tin:  Mi:ri;i("  systkm. 
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NON-METRIC    UNITS    USED    IN    METRIC    COVSTIUES-Condnvtd. 


Denominations. 


( ?xhott  (wine) . . 

( )xholt 

( )xluit\vud 

I'alino 

I'alino 

Palmo  (marbK') 

Palino 

Pecul 

Do 

Do 

Do 

Pfund 

Do 

Do  .  .  . 

Do.  .  . 

Do 

Do 

Do 

Do. 
Pfund  (zoll ) 
Pfund 

Do 


Whi-re  used. 


Do.  . 

Do 

Do.  .       . 

Do 

Do 

Pfundschwor 

Do 

Do 


Pi6 


Do 
Do 
Do 
Do 


Do 

Do 

Do 

Do 

Do Venice 

Ping China 

Pipa Canary  Islands . 

Lisbon 


..   do 

Rostock 

Sweden 

Bclfliuni 

Hra/.il 

Carrara 

Leghorn  

China 

Japan 

Malacca 

Manila 

Austria 

leaden 

Basel 

Bavaria 

Berlin 

Bremen 

Brun.swick 

Frankfurt 

Germany 

Hamburg 

Hanover 

f.eipsic 

Prussia 

Rostock 

Menna 

Zurich 

Bremen 

Cairo 

Constantinople 

Argentina 

Cuba 

Curasao 

Mexico 

Spain 


Madeira  .  .  . 
Rio  Janeiro 
Sweden .... 


Pipe  (brandy) Bordeaux 

Do Cognac 

Pond  (Brabant) 

Pond  (Troy) 

Pot 

Pot  (beer) 

Pot  (wine) 

Pott 

Do Denmark .  . . 

Do jNorway .... 

Quardeel  (oil) Amsterdam 

Quarto  (oil) Genoa 

Quene Burgundy   . 

Quilate  (precious  stones)  ....  Brazil 

Quintal I  Argentina .  . 


Amsterdam 

...do 

Antwerp.  .. 
Brussels .... 

...do 

Basel 


Americiin  cquivaleuU. 

o3.435S  gallons. 
r)7.3.S22  gallons. 
02.  lOSO  gallons. 
3.987  inches. 
8.5592  inche.s. 
9.592  huhes. 
11.4884  inches. 
133.3333  pounds. 
130  pounds. 
135  pounds. 
140  pounds. 
1.2347  pounds. 

1.1024  pound.s. 
1.0792  pounds. 
1 .2347  pounds. 
1.0312  pounds. 
1.0991  pounds. 
1.029G  pounds. 
1.1141  pounds. 

1.1025  pounds. 
1.0679  pounds. 
1.0794  pounds. 
1.030()  pounds. 
1.0312  poimds. 
1.1205  pounds. 
1.2347  pounds. 
1.1651  pounds. 
329.57  pounds. 
0.7404  vard. 
0.7317  vard. 
0.3159  vard. 
0.3091  vard. 
0.3090  vard. 
0.3091  Vard. 
0.3091  vard. 
0.3803  vard. 
17.4186  bushels. 
120  gallons. 
135  gallons. 
110  gallons. 
132.089  gallons. 
124.3961  gallons. 
99.5951  gallons. 
152.7821  gallons. 
1.0371  pounds. 
1.0847  pounds. 
0.363  gallon. 
0.3435'gallon. 
0.3578  gallon. 
0.1051  gallon. 
0.2552  gallon. 
0.2552  gallon. 
98.1421  gallons. 
4.2709  gallons. 
106.2841  gallons. 
3.075  grains. 
101.27  pounds. 
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NON-METRIC  UNITS  USED  IN  METRIC  COVi^TRlES- Contimted. 


Dciioniiniitionti. 


Quintal 

Do 

Do 

Do 

Do 

Do 

ILiza(salt) 

Raziere 

Kobeb 

Kjoo 

Kotl 

Pvottel 

Rubbio 

Do 

Ruthe 

Do 

Do 

Do 

Do 

Do 

Sac  (wheat  and  flour). 
Sacco 

Do 

Do 

Do 

Sack 

Salma 

Salma  (oil) 

Salma  (wine) 

Salma  (dry) 

Salma  (grosso) 

Sals 

Saum 

Do 

Do 

Do 

Do 

Scheffel 

Do 

Do 

Do 

Scheffel  (barley) 

Scheffel 

Do 

Do 

Do 

Schepel 

Schifflast 

Schiffpfund 

Do 

Do 

Schippond 

Do 

Schoppen 

Do 

Schragen 

Schuh 


Where  used. 


lirazil. 
C^hile .  . . 
Mexico . 
Peru .  . . 


Spain 

Valencia.  .  . 
Oporto .... 
Antwerp.  .. 
Alexandria 

Japan 

Cairo 

Turkey.  .  .  . 
Leghorn. . . 

Rome 

Bavaria.  .  . 
Bremen .  . . . 
Leipsic.  .. . 

Prussia 

Zurich 

Geneva. . . . 

Paris 

Leghorn . . . 

Milan 

Nice 


Turin 

Basel 

Naples 

..do 

Sicily , 

..do 

..do 

Japan 

Austria 

Basel 

St.  Gall 

Switzerland .  . 

Vienna 

Bavaria 

Bremen 

Dresden 

Hamburg.  .  .  . 

..do 

Leipsic 

Prussia 

Weimar 

Wurttemberg . 

Holland 

Berlin 

....do 

Bremen 

Hamburg .  .  .  . 
Amsterdam.  . 

Antwerp 

Basel 

Frankfort .... 

Leipsic 

Basel 


American  equivalents. 


130.0004  pounds. 
101.0097  pounds. 
101.0097  pounds. 
101.0097  pounds. 
101.0097  pounds. 
109.7285  pounds. 
1.2509  bushels. 
2.2597  bushels. 
4.4582  bushels. 
0.1659  pound. 
0.9804  pound. 
1.247  pounds. 
7.7767  bushels. 
8.3553  bushels. 
3.1919  yards. 
5.0604  yards. 
4.946  yards. 
4.119  yards. 
3.296  yards. 
2.204  bushels. 
5.9987  bushels. 
2.0746  bushels. 
4.151  bushels. 
3.4054  bushels. 
3.2635  bushels. 
3.8781  bushels. 
40.2726  gallons. 
42.1667  gallons. 
22  gallons. 
7.8  bushels. 
10  bushels. 
0.3314  yard. 
275  pounds. 
40.3377  gallons. 
44.371  gallons. 
441.8293  pounds. 
339.5357  pounds. 
6.31  bushels. 
2.102  bushels. 
2.9485  bushels. 
2.9884  bushels. 
4.4823  bushels. 
2.9485  bushels. 
1.5597  bushels. 
2.1841  bushels. 
5.0292  bushels. 
0.2838  bushel. 
4,124.72  pounds. 
340.4114  pounds. 
318.7274  pounds. 
299.0082  pounds. 
326.742  pounds. 
310.974  pounds. 
0.0991  gallon. 
0.1184  gallon. 
301.47  cubic  feet. 
0.331  yard. 
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NON-METKIC  UNITS  USED  IN  METRIC  COUNTRIES- Cow//«w<rf. 


Denominations. 


Where  used. 


Sci IChiiui 


American  equivalent!*. 


Finland . 


China  . 

...do 

la  pan . 


ISextingkar 
JShik : 

Tsong 

Slii... 

>J()0 

Skalpund Swodcn 

Skoj)pund : 

Metal.  .. 

Viktualif 
Stab 

Do 

Do 

Do 

Stajo 

Stajo  or  staro 

Stang 

Steekan 

Stein 

Stein  (flax) .  . 

Do 

Do jRostock 

Stein jA'ienna 


....do... 

....do 

Frankfort.  . 
Hungary. .  . , 

Lcipsic 

St.  Gall.  ... 
Leghorn . . . . 

Xaple.s 

Sweden 

Amsterdam 
Berlin 


;M71(;  bushels. 
2.0733  gallons. 

IGO  pounds. 
2.1773  hu.shels. 
0.4591  gallon. 
0.9301  pound. 


Sten Sweden 


299.931  pound.s. 

374.913C  pound.s. 

1.3124  yards. 

1.7285  yards. 

1.2305  yard.s. 

1.3124  Vards. 

0.0910  bu.shel. 

2.6103  gallons. 

5.181  yard.s. 

5.125i  gallons. 

22.080  pounds. 

Bremen 21.9812  pounds. 

Hamburg |21.3577  pounds. 

24.05  pounds. 

24.05  pounds. 


Stop 

Strich.  ... 
Stuckfass 
Stutz .... 
Talanton 

Tarn 

Tass  (figs) Portugal 

Tercio  (tobacco) Cuba 


129.993  pounds. 


Tomolo I  Naples .  . . . 

Tonelada [Argentina 

Tonne  (beer) j  Berlin .  .  .  . 

Do Bremen .  . . 

Do iGermany . 

Do 

Do 

Tun  (oil) 

Tunna 

Drr 

Uper 

Uma ;  Hungary 

Vaam 'Holland . 


Sweden jO.3454  gallon. 

Prague 2.0502  Inishels. 

Frankfort '303.1283  gallons. 

Xeufchatel J4.0240  gallons. 

Greece 330.007  pounds. 

China 133..3333  pounds. 

33  pounds. 

100  pounds. 


'1.5040  bu.shels. 
29.202  bushels. 
^30.2484  gallons. 
43.8301  gallons. 
2,204.0212  pounds. 


Hamburg 45.7771  gallons. 

Rostock. |30.0192  gallons. 

Malaga 12.233  pounds. 

Sweden j33.1590  gallons. 

.  .  .  .do 4.1571  gallons. 

Belgium 0.9075  gallon. 

!  14.3053  gallons. 

2.0594  yards. 


Vara I  Argentina 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Velt 

Xeh  (brandy) 

Velt \ 

Viertel 


,0.9478  yard. 

Chile 0.9104  Vard. 

Cuba 0.9271  Vard. 

Mexico 0.9139  yard. 

Peru 0.9104  yard. 

Portugal 1.203  yards. 

Spain 0.9141  yard. 

Venezuela 0.9141  yard. 

Antwerp [2  gallons. 

France \2  gallons. 

Paris |l.9083  gallons. 

Amsterdam [1.9524  gallons. 
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NON-METRIC  UNITS  USED  IN  METRIC  COUNTRIES- r;ow«n«erf. 


Di'uominatioiis. 

Where  U8cd. 

American  equivalents. 

Viertel     

J^asel 

1.5028  gallons. 

Do 

Bremen 

Hamburg 

1.9148  gallons. 

Do 

1 .9074  gallons. 

Do 

Rostofiv 

do             .     .         .         . 

1.9137  gallons. 

Vifrtd  (beer)     .          .... 

7.()548  gallons. 

Viertel 

Vienna 

3,7361  gallons. 
29.8811  bushels. 

WisDol  frvo^ 

Hamburg 

Yin     ... 

China 

2.6667  pounds. 
2.8378  bushels. 

Zak 

Holland 

43.  Regarding  the  use  of  these  units  and  of  this  table,  I  quote  as 
follows  from  three  letters  from  Mr.  Emory,  Chief  of  the  Bureau 
of  Foreign  Commerce,  whose  opportunity  for  obtaining  informa- 
tion on  this  subject  is  unique. 

It  [the  table]  is  in  daily  use  in  this  Bureau  in  the  reduction  of  foreign  weights 
and  measures  to  United  States  equivalents. 

While  the  metric  system  is  legal  in  the  countries  you  mention  [my  reference 
was  to  metric  countries  in  general],  the  old  units  are  also  very  widely  used.  In 
the  statements  of  imports  and  exports,  the  metric  system  is  commonly  employed; 
in  business  transactions  in  the  interior,  the  other  units. 

In  South  American  countries  especially,  although  the  metric  system  has  been 
introduced  and  is  in  use  for  customs  transactions,  the  non-metric  units,  native  to 
the  countries,  are  often  employed  in  domestic  transactions.  These  units  fre- 
quently appear  in  the  reports  of  Consular  Officers,  and  I  will  mention  a  few. 

The  Spanish  or  Castilian  quintal  of  101.61  pounds  is  used  in  Chile  (Commer- 
cial Relations,  1900,  vol.  i.,  p.  789);  the  measure  "zeroons"  (meaning  unr 
known)  occurs  in  the  same  volume,  p  823;  the  arroba,  the  cuadra,  and  the  lino 
are  used  in  Paraguay  (Commercial  Relations,  1899,  vol.  i.,  page  687),  meaning 
10,000  square  yards,  25  pounds,  and  100  yards,  respectively.  The  quintal  in 
Guatemala,  in  the  export  of  coffee,  is  ''about  100  pounds"  (Commercial  Rela- 
tions, 1898,  volume  i.,  p.  650) ;  the  finca  is  used  in  Costa  Rica  to  designate  "any 
area  of  land"  (Commercial  Relations,  1896-97,  p.  531).  The  cantar  is  employed 
in  Sicily  in  the  export  of  sulphur;  it  is  equivalent  to  175  pounds  (Commercial 
Relations,  1901,  vol.  ii.,  p.  429).  These  are  only  some  instances  that  I  happen 
to  recall ;  a  search  through  the  Consular  Reports  would  show  many  others.  See 
also  the  Statesman's  Year  Book,  1902,  p.  481 :  "The  French  metric  system  .  .  . 
is  used  in  official  departments  (in  Brazil),  but  the  ancient  weights  and  measures 
are  still  partly  employed.  They  are  the  libra,  the  arroba,  the  quintal,  etc."  Page 
492 :  "  The  metric  system  is  legally  established  in  Chile  since  1865,  but  the  old 
Spanish  weights  and  measures  are  still  in  use  to  some  extent."  Page  517 :  "  The 
metric  system  was  introduced  into  the  Republic  (of  Colombia)  in  1857 ;  in  custom 
house  business,  the  kilogramme  ...  is  the  standard ;  in  ordinary  commerce  the 
arroba,  carga,  etc.,  are  generally  used."  These  quotations  could  be  multiplied. 
I  send  you  copies  of  the  Commercial  Relations,  above  referred  to,  and  would  re- 
peat that  an  examination  of  the  volumes  will  show  other  instances  of  the  use  of 
native  weights  and  measures. 
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44.  ^Ir.  Colviii  has  iiiado  a  further  cxamiiiatioTi  r»f  (\nisiilar 
Isolations  as  suaiicstcd  \)\  Mr.  Kiiiury,  with  thf  ri'suli  which  lie  has 
^iven  in  the  discussion. 

Additional  facts  rogardini:-  tlio  use  of  old  units  in  metric  coun- 
tries are  tiiven  in  the  following  letter  from  the  Collector  of  the 
Port  of  ^'ew  York. 

I  have  to  stato  tliat  tliis  office  is  in  receipt  ol  a  large  nunil)er  of  invoices  n-ceived 
from  France,  wherein  the  measurements  of  tlie  textile  fabrics  covered  hy  said  in- 
voices are  expressed  in  aunes,  and  also  from  Switzerland  covering  embroideries 
wherein  the  measurements  are  expressed  in  aunes. 

I  have  caus'.nl  to  be  taken  from  the  files  of  this  office  a  number  of  invoices  from 
Spain,  Italy,  Holland  and  Belgium,  and  find  as  follows:  From  Spain,  233  invoices, 
thirty-seven  of  which  the  weights  are  expressed  therein  as  pounds,  the  remainder 
being  made  out  according  to  the  metric  system;  from  Italy,  fifteen  invoices,  the 
weights  therein  expressed  in  the  metric  system;  from  Holland,  fifty-five  invoices, 
fourteen  of  which  the  weights  are  expressed  therein  as  pounds;  eleven  of  the  four- 
teen are  expressed  as  pounds  avoirdupois,  and  the  other  thrcv^  invoices  not  stating 
the  kind  of  pound,  the  remainder  of  the  invoices  being  made  out  according  to  the 
metric  system;  from  Belgium,  one  hundred  and  twenty-six  invoices,  fourteen  of 
which  the  v>'eights  are  expressed  in  pounds,  thirty-one  in  feet  or  inches,  two  in 
yards  and  one  in  gallons,  the  remainder  being  made  out  according  to  the  metric 
system. 

In  conclusion,  I  have  to  state  that  in  many  of  the  invoices  received  at  this  office 
from  countries  in  South  America,  the  weights  are  made  out  in  the  old  Spanish 
pound. 


45.  It  will  be  observed  that  the  letters  of  Messrs.  Ball  and  Emory 
and  Collector  Stranahan  relate  chielly  to  the  commercial  use  of  old 
units,  although  this  is  much  more  restricted  than  their  factory  use, 
as  is  shown  by  the  fact  that  the  fabrics  which  are  made  in  the 
mills  of  Lyons  by  the  aune  are  sold  across  the  shop  counters  of 
Paris  by  the  metre.  Until  late  in  this  inquiry  I  had  supposed  the 
metre  to  be  really  established  in  European  commerce,  though  not  in 
manufacture.  These  letters  show  that  even  in  commerce  it  is  bv 
no  means  universal. 

The  fatal  mistake  of  the  metric  advocates  and  the  weakness  of 
their  case  lies  in  theii-^  assumption  that  the  statute  book  is  an  index 
of  the  practice  of  the  people. 

The  argimaents  for  the  saving  of  time  in  calculation,  for  the 
simplification  of  our  weights  and  measures  and  for  the  saving  of 
time  by  school  children  are  all  based  on  the  tacit  assumption  that 
the  old  units  are  to  disappear.  As  they  have  not  done  so  else- 
where they  will  not  do  so  here,  and  every  one  of  these  arguments 
28 
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falls  to  the  ^roniid.     The  whole  metric  case  is  riven  into  shreds 
bv  the  siiii])le  fact  that  these  old  units  will  not  die. 

Shall  we  carry  onr  heads  in  the  clouds  of  speculation,  or  shall 
we  consult  the  experience  of  others?  Shall  we  join  in  the  chase 
of  this  will-o'-the-wisp  which  no  nation  has  ever  caught?  That 
and  that  only  is  the  metric  question  of  the  hour.  Arguments 
based  on  the  "  beautiful  interrelation  and  correlation  of  the 
units  "  have  little  more  application  than  a  philosophical  'specula- 
tion regarding  the  appearance  of  the  back  side  of  the  moon. 

JReasons  for  the  Length  of  the  Transition  Period. 

4G.  An  essential  feature  of  the  scientific  method  is  the  explana- 
tion of  the  facts  as  found,  and  it  is  easy  to  show  why  the  period 
of  transition  must  be  so  long.  The  pamphlet  containing  this  testi- 
mony before  the  House  committee  contains  a  letter  from  the 
Brown  &  Sharpe  Manufacturing  Company,  which  contains  a 
sentence  embodying  more  wisdom  and  knowledge  of  the  subject 
than  all  the  pro-metric  testimony.  I  quote  (page  190):  '^  The 
question  of  weights  deals  rather  with  the  future,  but 
linear  measures  are  tied  irrevocably  to  the  past."  The  man  who 
wrote  that  sentence  was  inspired,  and  for  a  time  it  will  become 
my  text. 

47.  If  this  system  were  made  compulsory  to-morrow,  and  the 
people  were  to  receive  it  with  enthusiasm,  the  gas  pipes  in  the  ceil- 
ings of  our  homes  alone  would  keep  the  old  system  alive  for  fifty 
years.  Remember  the  proof  that  has  been  given  that  the  metric 
system  necessitates  metric  sizes.  j^Tow  make  the  gas  tips  which  we 
replace  so  often  with  metric  threads,  and  there  isn't  a  chandelier 
in  this  country  that  will  take  them.  Make  the  chandeliers  with 
metric  threads,  and  there  isn't  a  gas  pipe  end  projecting  from  a 
single  ceiling  in  this  country  which  will  take  them.  A  fair  ques- 
tion to  ask  here  is,  how  long  does  it  take  on  the  average  for  a  gas 
pipe  to  wear  out?  Our  friends  tell  us  that  for  a  time  we  will  use 
transition  fittings  with  English  threads  at  one  end  and  metric 
threads  at  the  other,  but  this  begs  the  wdiole  question.  The 
transition  fittings  must  be  made.  The  length  of  the  pipe  does 
not  alter  the  thread  or  the  tools  for  making  it  The  tools  and  the 
equipment  must  be  preserved.  But  why  make  a  transition  fitting 
at  extra  cost  and  serving  no  purpose  except  to  furnish  an  added 
joint  to  leak?  We  may  be  sure  that  so  long  as  pipes  with 
English  threads  endure  in  our  ceilings,  chandeliers  will  be  made 
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with  English  tli roads  to  fit  them.  Why  is  tliis?  Because  "  meas- 
ures of  loniith  are  tied  irrevocably  to  the  past." 

48.  Kvcry  factory  contains  overhead  lines  of  shaftiiiij:  whicli  witli 
the  pulleys  to  fit  are  a  standardized  line  of  manufacture.  AVith 
standard  fits  pulleys  may  be  changed  from  place  to  place  by 
simply  removing  and  replacing.  Put  up  a  metric  line  shaft,  and 
not  a  pulley  in  this  country  ^vill  fit  it,  nor  will  any  metric  pulley 
fit  an  English  line  shaft.  A  line  of  shafting  was  scarcely  ever 
known  to  wear  out.  I  know  one  which  is  fort}^  years  old,  and 
it  was,  I  believe,  second-hand  when  I  made  its  acquaintance.  So 
long  as  existing  shafts  endure  we  may  be  sure  English  dimension 
pulleys  will  be  made  to  fit  them.  AVliy?  Again,  because  "  meas- 
ures of  length  are  tied  irrevocably  to  the  past." 

41>.  They  tell  us  that  we  may  continue  to  use  the  old  units  in  re- 
pairs. Consider  the  couplings  wdiich  connect  the  air-brake  hose 
on  all  railroad  cars.  A  new  coupling  on  one  car  connects  w^ith 
the  old  one  on  another  car.  The  time  will  never  come  when  that 
can  be  changed,  unless  they  are  all  changed  at  once.  Why?  Be- 
cause "  measures  of  length  are  tied  irrevocably  to  the  past." 

At  the  hearings  of  the  Plouse  committee  a  curious  fact  was 
developed  (Mr.  Buck,  page  145).  The  older  part  of  Philadel- 
phia was  laid  out  by  a  defective  surveyor's  chain  which,  instead 
of  being  100  feet  long,  was  in  reality  100  feet  3  inches,  and  in 
that  part  of  the  city  to-day  100  feet  3  inches  is  legally  100  feet. 
By  a  curious  process  of  reasoning  this  was  made  to  appear  as  an 
argument  for  the  metric  system,  though  how  the  adoption  of  that 
system  is  to  change  the  layout  of  the  streets  I  do  not  quite  see. 
"Why  does  this  anomaly,  this  nuisance,  persist,  and  why  is  it  im- 
possible to  get  rid  of  it?  Because  "  measures  of  length  are  tied 
irrevocably  to  the  past." 

The  Adoption  of  the  ^letric  System  Necessitates  Abandoning 

Mechanical  Standards. 

50.  The  metric  advocates  tell  us  that  it  is  not  necessary,  nor  is 
it  desired  to  destroy  our  existing  standards,  and  the  report  of  the 
House  committee  contains  these  naive  words:  "This  measure 
in  no  way  contemplates  any  change  in  existing  technical  stand- 
ards, such  as  screw  threads,  wire  gauges,  lumber  measures,  and 
numerous  others,  except  as  manufacturers  and  other  interests 
find  it  to  their  common  interest  to  make  the  change." 
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This  programme  simply  contemplates  the  use,  side  by  side,  for 
an  indefinite  period,  of  the  inch  and  the  millimetre.  Mr.  Hess, 
who  has  unexcelled  opportunities  for  judging,  has  already  told  us 
that  "  this  is  too  illogical  an  arrangement  to  maintain  itself."  The 
desirability  of  using  inches  and  millimetres  side  by  side  need  not, 
however,  be  left  to  any  one's  opinion,  as  the  facts  are  available 
for  applying  the  scientific  method. 

If  the  use  of  inches  for  screw  threads  and  millimetres  for 
general  purposes  is  such  a  satisfactory  plan,  why  do  the  nations 
of  Continental  Europe  make  such  efforts  to  establish  a  metric 
standard,  as  is  shown  in  the  following  quotation  from  the  article 
by  Mr.  Hess  already  referred  to  as  published  in  the  American 
Machinist  for  May  3, 1900? 

Finally  various  engineering  societies  took  up  the  matter  and  appointed 
delegates  to  draw  up  and  sift  proposals.  The  work  occupied  a  number  of  years, 
and  in  the  fall  of  1898  culminated  in  the  adoption  by  a  congress  of  delegates 
from  Germany,  France,  Switzerland,  Italy,  and  other  countries  using  the  metric 
system  of  measurements,  of  a  shape  of  thread  and  pitch  to  which  they  assigned 
the  name  of  Systeme  International,  generally  known  by  the  abbreviation  S.  I. 
or  S.  J. 

51.  The  effort  made  is  a  measure  of  the  need  of  metric  threads  to 
go  with  metric  measurements  in  general.  The  need  here  will  be 
as  great  as  in  Germany,  and  we  may  thus  learn  that  whatever 
the  intentions  of  those  who  conduct  this  metric  propaganda  may 
be,  the  abandonment  of  the  inch  does  involve  the  destruction  of 
existing  standards,  and  this  illustration  is  especially  fortunate  in 
that  it  relates  to  screw  threads,  a  change  of  which  is  expressly 
disclaimed  by  the  House  committee.  It  should  be  clear  to  any 
one  that  the  permanent  use  of  both  systems,  side  by  side,  is  simply 
unthinkable,  and  that  so  long  as  both  systems  are  in  use  matters 
will  not  be  simplified,  but  complicated. 

With  characteristic  inverted  logic,  we  are  told  that  Germany 
does  not  use  metric  screw  threads  because  she  does  not  need  them 
(Mr.  Christie,  page  7).  On  the  contrary,  the  need  is  shown  by  the 
effort  put  forth ;  the  lack  of  accomplishment  is  a  measure  of  the  dif- 
ficulties encountered.  Germany  fails  to  use  metric  screw  threads, 
not  because  she  does  not  need  tJiem^  hut  hecatise^  with  all  her 
effort,  she  cannot  get  them.  Her  continued  use  of  English  pitch 
threads  is  but  another  illustration  of  the  difficulty  of  changing  a 
unit  of  length  and  of  the  length  of  the  period  of  transition — that 
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period  which,  T  will  ajT^nin  remind  tho  reader,  the  metric  advocates 
assure  us  will,  with  us,  occupy  but  three  to  five  years. 

r)2.  \\'ith  one  breath  these  gentlemen  tell  us  how  (juickly  we  can 
nuike  this  change  and  in  the  next  they  point  with  pride  to  the  fact 
that  Germany  has  not  yet  changed  her  screw  threads,  and  yet  they 
have  to  be  told  that  the  second  statement  stultifies  the  first. 

Is  it  not  supremely  absurd  to  deliberately  adopt,  in  the  name 
of  reform  and  of  simplicity,  a  course  which  will  lead  to  all  dimen- 
sions of  a  shaft  or  spindle,  for  example,  being  given  in  millimetres, 
except  the  screw  threads,  which  are  to  be  given  in  inches?  Some 
of  the  metric  advocates  even  regard  this  as  a  satisfactory  perma- 
nent plan.  Thus  Mr.  Christie  (page  7)  says:  "  We  can  retain  our 
present  standard  of  screw  threads  indefinitely  even  if  the  metric 
system  is  universally  used." 

Unless,  however,  this  metric  programme  contemplates  the  ulti- 
mate disappearance  of  the  inch  and  the  substitution  therefor  of 
the  millimetre,  then  it  is  meaningless  and  purposeless,  and  I  ven- 
ture to  say  that  if  even  the  House  committee  really  supposed  that 
the  only  intention  of  this  measure  is  to  add  another  set  of  units 
without  getting  rid  of  the  old  ones,  they  would  have  unhesitat- 
ingly killed  the  bill.  That,  however,  has  been  the  effect  in  France 
and  Germany,  and,  according  to  the  House  committee's  report, 
that  only  is  its  purpose  here.  Proposing  to  change  some  things 
and  not  others  begs  the  whole  question.  The  proposal  to  make 
the  easy  changes  but  not  the  difiicult  ones,  is  a  tacit  acknowledg- 
ment that  some  of  the  changes  are  too  difficult  to  make,  which  is 
exactly  the  anti-metric  position,  and  pretty  much  the  whole  of  it. 
To  suc^ffest  that  we  make  the  easv  changes  but  not  the  difficult  ones 
is  to  surrender  the  w^hole  case. 

53.  Another  point  which  may  be  learned  from  these  quotations 
from  Mr.  Hess  relates  to  a  suggestion  which  is  constantly  made 
that  we  continue  to  use  our  present  sizes,  especially  of  standards, 
but  give  metric  equivalents  for  the  present  English  dimensions. 
It  is  easy  to  prove  this  to  be  impracticable,  but  such  proof  w^ould, 
necessarily  be  inductive,  which  is  contrary  to  my  present  method.* 

*  At  the  beginning  of  the  preparation  of  this  argument  I  determined  to  eschew 
all  inductive  reasoning  and  to  rely  absolutely  upon  the  experimental  method, 
and,  following  this  plan,  the  words  of  the  text  were  written.  Regarding  the 
present  point.  I  yield,  however,  to  the  judgment  of  Mr.  Towne,  and  give  the 
proof.  For  this  it  is  only  necessary  to  construct  a  table  of  metric  equivalents  of 
the  usual  fractional  dimensions,  thus: 
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54.  Kevcrting,  then,  to  tlio  ('X])C3rii!iontal  method,  though  in  this 
case,  to  prove  a  negative,  I  will  ask,  If  the  difficulties  can  be  solved 
so  easily  by  following  this  plan,  why  do  not  the  Germans  do  it  f 
They  have  many  times  as  many  reasons  for  doing  it  that  we  would 
have,  because  the  millimetre  would,  if  this  plan  were  feasible, 
form  a  universal  solvent  for  all  their  numerous  inches,  and  all 


Inches. 

Metric 

Inches. 

Metric 

Equivalent. 

Equivalent.  - 

1 

25.4 

2 

50.8 

n 

28.57 

2i 

53.97 
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31.75 
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57.15 
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34.92 
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60.32 
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38.10 

2h 

63.5 

If 

41.27 

2f 

66.67 

If 

44.45 

21 

69.85 

ii 

47.62 

2| 

73.02 

3 

76.2 

Is  not  the  point  obvious  at  a  glance?  While  the  law  of  the  series  is  simple 
enough,  it  is  not  ob\'ious  to  the  eye,  and  the  man  does  not  live  who  can  memorize 
the  list.  Only  two  inches  of  the  range  are  given,  and  even  then  only  to  eighths ; 
but  remember  that  no  combination  of  figures  repeats  itself  until  10  inches  is 
reached,  while  there  is  nothing  in  the  above  list  to  correspond  to  any  even 
inch  between  10  and  20  except  15,  nor  between  20  and  30  except  25.  The 
load  which  such  a  table  places  upon  the  memory  is  limited  only  by  its  length. 

Imagine  this  table  to  be  a  bolt  list.  A  farmer  has  broken  a  28.6  millimetre  bolt 
and  wants  a  larger  one,  but  he  nor  anyone  can  tell  what  size  to  call  for  without 
calculation  or  consulting  a  li'^t.  Are  we  all  to  carry  a  list  of  bolt  sizes  in  our 
pockets?  Will  some  one  point  out  the  gain  due  to  calHng  a  1^-inch  bolt  a  28.6 
millimetre  bolt,  or  give  any  reason  which  should  lead  any  one  to  use  the  metric 
figures? 

In  a  certain  stock-room  the  interval  between  the  sizes  of  bar  iron  carried'  is 
i  inch.  Two  of  the  sizes  in  stock  are  2^  and  2f  inches.  The  metric  equivalent 
of  the  former  is  63.4  millimetres.  Will  some  metric  enthusiast,  without  calcula- 
tion, kindly  name  the  next  metric  size?  Will  he  name  any  metric  size  upon  the 
list  except  those  corresponding  to  even  inches?  Will  he  say  if  he  ever  expects  to 
be  able  to  name  one-quarter  of  the  siz'es  used  in  every  tool  and  stock  room?  If 
he  thinks  he  can  memorize  the  table  as  given,  does  he  think  he  could  do  it  after 
the  sixteenths  are  added?  If  he  does,  how  will  the  matter  stand  after  the  table  is 
extended  to,  say,  ten  inches?  If  he  finally  gives  up  the  task  of  memorizing  the 
table,  T\nll  he  say  if  he  intends  to  carry  a  list  of  equivalents  in  his  pocket,  or,  failing 
that,  whether  he  expects  to  use  a  lead-pencil  or  a  slide  rule  whenever  he  has  occa- 
sion to  call  for  a  tool  or  a  bar  of  iron?  He  must  do  one  or  the  other,  or  else  use  the 
English  figures.  Do  the  metric  enthusiasts  really  think  that  during  the  "  transi- 
tion period"  any  one  will  calculate  metric  dimensions  which  cannot  be  memorized 
when  he  can  use  English  dimensions  which  memorize  themselves? 

If  the  intervals  were,  say,  one  millimetre  up  to  50  mm.,  two  from  50  to  100  and 
so  on,  a  metric  list  of  sizes  could  be  mernorized  as  easily  as  our  own,  but  with  the 


THE   MKTRIC    SYSTEM.  439 

their  (liOicMiltios  would  vnuisli.  Is  it  not  ccrtjiiii  tlicy  would  do 
it  if  tlioy  could,  and  is  it  not  certain  tlicy  do  not  do  it  because 
they  cannot^  Aiiain,  if  this  ])lan  is  feasible,  why  do  they  mow. 
heaven  and  earth  in  their  etforts  to  establish  a  metric  system  of 
screw  threads^  Jf  this  phin  of  usiui^-  metric  equivalents  for 
diameters  and  pitches  of  English  threads  is  so  obvious  and  so  satis- 
factory, why  do  th(\v  not  do  it  instead  of  throwini^  the  Whitworth 
sj'stem  aside  and  starting  a  new  one?  Again,  I  say  they  do  not 
do  it  because  they  cannot  do  it.  If  they  cannot  do  it  we  cannot 
do  it,  and  we  may  be  very  sure  that  if  the  metric  system  leads 
to  metric  screw  threads  in  Germany  it  will  do  so  here,  and, 
as  will  be  shown  presently,  thai  is  what  the  leaders  of  this  move- 
ment  expect. 

55.  I  do  not,  of  course,  wdsli  to  be  understood  as  trying  to  prove 
that  the  use  of  metric  equivalents  for  English  sizes  is  physically  im- 
possble.  Very  possibly  it  can  be  shown  that  the  German  people, 
loho  have  this  thing  on  their  hands  and  must  get  along  with  it 
in  some  irajj,  use  equivalents  in  a  limited  way  and  in  special  cases. 
The  habitual  use  of  sizes,  of  which  the  list  cannot  be  memorized 

intervals  determined  by  the  English  scale  it  is  hopeless  to  try  to  memorize  the 
metric  equivalents.  If  they  cannot  be  memorized  they  will  not  be  used,  and  this 
is  the  end  of  the  metric  equivalent  scheme. 

All  plans  for  saving  existing  standards  depend  upon  the  continued  use  of  the 
inch  or  upon  the  use  of  metric  equivalents.  The  latter  plan  being  impracticable,  it 
follows  that  the  abandonment  of  the  inch  involves  the  abandonment  of  all  existing 
mechanical  standards.  This  idea  of  metric  equivalents  has  led  more  men  astray 
than  almost  any  other.     It  is  absolutely  chimerical. 

A  suggestion  which  is  occasionally  heard  was  put  on  record  by  Mr.  Christie 
(page  6,  italics  mine) :  -^ 

"I  would  make  no  immediate  change  in  any  of  the  tools,  simply  taking  them 
as  the}^  are  and  naming  them  to  the  nearest  convenient  metric  unit.  For  instance, 
call  1  inch  25  milhmetres,  and  so  on,  with  the  multiples  and  subdivisions  of  the 
inch."  Would  he  call  3  inches  75 millimetres?  Its  value  ''  to  the  nearest  conven- 
ient unit"  is  76.  Would  he  call  it  76?  Then,  3  times  1  inch  is  not  3  inches. 
Would  he  call  10  inches  250  milHmetres?  Its  value  is  254.  This  suggestion 
falls  by  its  own  weight. 

Another  suggestion  of  Mr.  Christie's  (page  7)  is  that  "The  various  pitches  of 
screw  thread  are  entirely  arbitrary-,  and  we  could  distinguish  the  different  pitches 
from  each  other  by  the  letters  of  the  alphabet  if  we  chose,  or  any  other  nominal 
distinction  that  is  convenient."  I  suggest  that  Mr.  Christie  draw  up  such  a  table 
of  symbols,  and  then  contemplate  the  task  of  memorizing  it.  According  to  ]\Ir. 
Cliristie  (page  9)  one  of  the  great  advantages  of  the  metric  system  is  that  it 
avoids  any  "undue  strain  on  the  memory."  Does  Mr.  Christie  think  that 
draftsmen  will  prefer  arbitrary  symbols  to  areas  and  diameters  when  figuring 
strengths? 
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and  not  one  of  wliicli  is  indicated  by  any  mark  on  the  scales  in  use, 
is,  liowevcr,  unthinkable. 

When  we  speak  of  changing  from  the  English  to  the  metric 
system,  the  very  thing  meant  is  that  we  shall  abandon  sizes  shown 
on  the  old  scales  and  use  those  shown  on  metric  scales.  This  is 
what  has  been  done  by  Germany  as  a  nation,  and  this  is  what  has 
been  done  by  Willans  and  liobinson  and  in  the  injector  depart- 
ment of  William  Sellers  &  C/O. 

Reduced  to  its  lowest  terms,  there  are  but  two  possible  alter- 
natives to  this  question  of  standards. 

1.  Retain  the  present  standards  with  the  resulting  hodgepodge 
of  part  English,  part  metric  measures. 

2.  Abandon  present  standards. 

56.  11  any  metric  converts  from  the  shops  accept  the  first  horn  of 
the  dilemma,  but  none  of  them  has  shown  what  is  to  be  gained 
by  a  mixed  system.  The  object  of  this  movement  is  to  get  rid  of 
our  old  units  in  order  to  do  away  with  ''  confusion  "  and  make 
things  "  plainer.''  It  is  incumbent  on  those  who  accept  the  first 
alternative  to  explain  how  these  objects  are  to  be  obtained  by 
not  getting  rid  of  them,  but  by  deliberately  setting  out  to  keep 
the  old  and  to  add  the  new  to  them.  That  it  is  possible  to  use 
such  a  mixture,  as  Germany  does,  counts  for  nothing.  The  world 
is  full  of  examples  of  what  can  be  done  under  difficulties.  The 
question  is.  How  can  such  a  mixed  system  he  an  improvement  f 
With  curious  inconsistency  those  who  accept  this  alternative  tell 
us  in  one  breath  that  the  metric  system  will  rid  us  of  the  "  con- 
fusion "  of  our  present  units,  and  in  the  next  they  propose  to  con- 
tinue the  use  of  the  old  units  for  standardized  parts.  Only  a 
cross-eyed  man  can  see  how  the  mixed  use  of  inches  and  milli- 
metres can  reduce  confusion. 

Of  course  Germany  uses  both  inches  and  millimetres  during 
the  transition  period  just  as  we  will  be  compelled  to  do.  In  Ger- 
many that  period  has  now  twenty -eight  years  to  its  debits  and  the 
end  is  not  yet  in  sight. 

57.  However  the  metric  neophyte  may  decide,  it  is  clear  that  the 
leaders  of  this  movement  have  chosen  the  second  alternative,  and 
that,  while  they  put  reassuring  phrases  in  the  report  of  the  House 
committee,  they  do  not,  as  a  matter  of  fact,  expect  our  exist- 
ing standards  to  endure.  Thus  Mr.  Shaffroth,  in  questioning 
Admiral  Melville  (pages  118,  119)  said  (the  admiral's  answers 
are  omitted) : 
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Do  you  no!  think  that  a  truly  intt'rnational  .system  of  screws,  nuls,  holts, 
etc.,  would  he  d(>sirahle?  Is  not  the  ahsence  of  such  a  universal  system  at  present 
due  to  the  fact  that  England  and  America  have  not  yet  adopted  the  metric  svs- 
tem?  Would  not  the  adoption  of  the  UK^tric  unit  as  the  basis  of  the  dimensions 
of  screw  threads,  and  the  adoi)tion  of  the  American  form  as  the  standard,  be  a 
fair  concession  from  both  sides? 


Again,  ^fr.  Strattoii  testified  (page  155): 

A  change  to  the  metric  system  of  weights  and  measures  would  undoubtedly 
bring  about,  in  time,  a  change  in  our  system  of  screw  threads,  but  only  at  the 
suggestion  and  convenience  of  manufacturers  and  engineers,  as  heretofore. 


This  "  convenience  of  manufacturers  "  will  be  readied  when 
the  use  of  a  mixed  system  has  become  no  longer  tolerable,  for 
this  country  will  not  change  its  screw  threads  until  compelled 
to  do  so.  Of  all  the  difficulties  of  the  subject,  the  greatest  centre 
about  screw  threads,  and  our  friends  show  here  a  distinct  disposi- 
tion to  '^  hedge."  Their  action,  however,  is  nothing  but  con- 
venient postponement  and  evasion,  wliich  will  not  do.  They 
draw  pictures  of  the  danger  of  delay  (Air.  Shaffrotli,  page  44). 
They  point  out  how  much  easier  the  change  would  have  been 
.twenty  years  ago  than  now,  and  how  much  more  difficult  it  will 
be  twenty  years  hence  than  now.  If  that  is  true  of  the  general 
proposition,  it  is  equally  true  of  screw  threads.  The  problem  is 
made  no  easier  by  relegating  the  worst  of  it  to  the  indefinite 
future.  AVhen  we  contemplate  the  adoption  of  the  metric  sys- 
tem we  must  contemplate  the  adoption  of  the  metric  system,  for 
the  ultimate  result  is  the  same,  no  matter  how  easy  the  approach 
nor  how  thin  the  entering  wedge. 

58.  And  what  is  it  all  for?  The  metric  advocates  can  answer 
best.    Air.  Christie  (page  9)  tells  us  : 

I  think  one  of  the  greatest  advantages  is  its  convenience  in  computation: 
I  think  that  is  unquestionable.  The  next  is,  convenience  for  memorizing;  it  is  a 
system,  which  the  mind  can  grasp  and  readily  retain  without  undue  strain  on  the 
memory.     These,  I  think,  are  the  two  great  advantages. 

Dr.  Wiley  (page  50)  says: 

Now  when  you  see  the  beautiful  relations  which  exist  between  the  unit  of 
length,  weight  and  capacity  ....  Then  there  is  the  direct  relation  between 
the  unit  of  length  and  the  unit  of  weight  and  w^e  have  the  measures  of  capacity 
that  come  directly  from  it. 
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In  answer  to  tlie  question,  What  would  be  the  advantage  to  the 
general  public — the  plain  people — throughout  the  country  bj  the 
adoption  of  this  system?  Professor  ISTewcomb  answered  (page  73, 
italics  mine) : 

The  advantage  would  simply  be  that  of  simplicity.  .  .  .  So  far  as  every  day 
purposes  are  concerned  I  do  not  know  of  any  particular  advantage.    .    .    . 

Dr.  Geddings  (page  75)  says: 

It  is  simple,  elastic,  scientific,  and  on  the  whole  a  beautiful  structure,  and  the 
interrelation  and  the  beautiful  correlation  which  exist  between  its  measures  of 
weight  and  measures  of  capacity,  and  its  measures  of  length  and  area,  I  think 
only  require  a  very  limited  consideration  to  appeal  to  anyone  who  is  desirous  of 
getting  into  the  ranks  of  the  progress  of  the  age. 

59.  And  so  on  to  the  end  of  the  wearisome  chapter.  Was  there 
ever  such  a  case  of  sacrificing  the  greater  to  the  lesser?  Was 
there  ever  such  a  case  of  distorted  perspective?  Was  there  ever 
such  a  case  of  rainbow  chasing?  As  an  epitome  of  the  reasons 
for  making  this  great  change  this  pamphlet  is  pitiful.  Are  we 
a  nation  of  dreamin2r  idealists  and  transcendentalists  that  we 
should  be  swayed  by  such  considerations? 

The  points  I  have  now  made  are  that  this  supposed  universality 
of  the  metric  system,  even  in  countries  in  which  it  has  been  nomi- 
nally adopted  for  a  generation,  is  a  fiction;  that  the  idea,  which 
is  repeatedly  insisted  on  by  these  people,  that  we  can  make  this 
change  in  three  to  five  years  is  rubbish;  and  that  the  adoption  of 
the  metric  system,  whatever  its  advocates  may  say,  does  involve 
the  destruction  of  our  existing  standards. 

The    Value  of  Mechanical  /Standards. 

60.  If  what  has  preceded  has  proven  anything  whatever, it  is  that 
the  idea  of  using  metric  equivalents  for  English  dimensions  must 
be  given  up.  If  this  idea  must  be  given  up,  the  inevitable  con- 
clusion is  that  the  abandonment  of  the  inch  will  involve  the  de- 
struction of  our  existing  standards. 

The  destruction  of  our  existing  standards!  A  few  words,  not 
even  a  complete  sentence.  They  are  easily  spoken,  but  does  any 
one  wdio  reads  this  paper  appreciate  their  appalling  meaning,  the 
industrial  chaos  to  which  their  destruction  would  consign  us? 
Established  industrial  standards  are  among  the  most  priceless  of 
material  possessions,  and  the  man  who  would  destroy  them  de- 
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xTVcs  to  be  ijlaced  in   the  pillorv   iiiid  licld   up   to  tlic  scorn  of 
iiit'ii. 

The  man  who  can  estimate  or  indicate  in  words  the  value  of 
niochanicnl  standards  to  this  country  and  the  loss  due  to  their 
destruction  does  not  live,  and  I  sliall  not  attempt  it.  The  pam- 
phlet containing  the  testimony  before  the  House  committee  is 
full  of  questions  and  of  testimony  from  the  metric  advocates,  the 
purpose  of  which  is  to  show  that  the  cost  of  changing  stand- 
ardized tools  is,  after  all,  not  very  serious,  if  done  gradually,  but 
nowhere  is  there  anything  to  indicate  that  these  people  have  any 
idea  of  the  value  of  a  standard  as  such.  For  their  benefit,  there- 
fore, I  wdll  explain  that  wdiile  the  value  of  standardized  tools  in 
this  country  runs  into  unnumbered  millions  of  dollars,  the  value  of 
a  standard  is  not  chiefly  or  even  largely  represented  by  such  tools. 

61.  The  chief  value  of  a  standard  lies  in  the  fact  that  it  is 
adopted,  that  it  has  become  a  part  of  our  daily  lives,  and  works  so 
smoothly  that  we  are  scarcely  aware  of  its  existence.  For  example, 
the  value  of  pipe-thread  standards  is  not  represented"  by  the  taps 
and  dies  in  the  hands  of  pipe  makers  and  fitters,  but  by  the  fact 
that  because  the  threads  are  standardized  pipe  fittings  can  be 
made  by  the  million,  at  trifling  cost,  and  that  when  we  need  a 
fitting  we  can  buy  it  for  a  few  cents  with  the  assurance  that  it 
^nll  fit,  instead  of  having  to  get  it  cut  to  order  to  suit  an  odd 
size  of  thread.  Similarly  the  cost  of  attempting  to  change  air- 
brake hose  couplings  is  not  represented  by  the  value  of  the  tools 
for  making  the  couplings  in  the  "Westinghouse  Works,  but  by  the 
infinite  confusion  of  the  railroads  in  getting  from  one  standard 
to  another.  The  value  of  the  tools  in  this  case  is  not  many  dol- 
lars, but  the  cost  of  the  change  cannot  be  found  upon  any  inven- 
torv,  nor  can  it  be  measured  bv  anv  scale. 

Similarly  again,  the  cost  of  changing  our  pipe-thread  standard 
is  not  represented  by  the  cost  of  new^  taps  and  dies,  but  by  the 
confusion  involved  in  getting  from  one  standard  to  another — a 
confusion  w^hicli  will  last  until  existing  steam,  water,  and  gas  pipes 
have  disappeared,  and  which  will  not  be  lessened  by  putting  oif 
the  change  until  it  is  brought  about  ^'  at  the  suggestion  and  con- 
venience of  manufacturers." 

62.  It  is  because  of  our  standards  and  our  standardized  methods 
that  American  mechanical  industries  are  great.  It  is  in  this 
that  we  lead,  and  by  this  sign  we  conquer.  It  is  this  that  dis- 
tinguishes us  from  the  remainder  of  the  world,  and  having  the 
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load  wliic'li  such  tilings  give  us,  wo  are  asked  to  abandon  it  and 
lino  up  in  tlio  race  afresh.     And  this  in  the  name  of  progress. 

In  this  matter  of  existing  standards  these  people  blow  hot  with 
one  breath  and  cold  with  the  next.  In  the  report  of  the  House 
committee  they  assure  us  that  no  change  is  contemplated,  but 
when  driven  into  a  corner  they  can  only  suggest  that  we  abandon 
the  old  standards  and  establish  new  ones,  which  will  be  so  much 
better,  you  know.  Thus  Mr.  Stratton  (page  155),  quoting  from 
Mr.  Sellers,  to  the  effect  that  the  cost  of  throw^ing  away  old  taps 
when  the  Sellers  system  of  threads  was  introduced  was  a  judicious 
expenditure,  added: 

Does  not  this  argument  apply  with  still  greater  force  in  connection  with  a 
universal  system  of  screw  threads  which  this  measure  does  not  contemplate, 
but  which  is  greatly  to  be  desired,  and  a  change  to  the  metric  system  of  weights 
and  measures  would  undoubtedly  bring  about  in  time  a  change  in  our  system 
of  screw  threads,  but  only  at  the  suggestion  and  convenience  of  manufacturers. 

In  the  above,  Mr.  Sellers  describes  the  discarding  of  a  miscel- 
laneous assortment  of  taps  in  order  to  adopt  a  standard;  Mr. 
Stratton  proposes  to  discard  a  standard,  which  has  consumed  forty 
years  in  becoming  such,  in  order  to  start  a  new  one.  In  this  he 
shows  that  he  has  so  little  knowledge  of  the  value  of  standards, 
of  the  time  required  to  get  them  adopted,  and  of  the  confusion 
involved  in  changing  them,  that  he  takes  the  inauguration  of  a 
standard  as  a  precedent  for  discarding  it. 

63.  This  has  been  quoted  before,  but  it  will  stand  it  again.  It  is 
difficult  to  be  patient  or  to  use  temperate  language  regarding 
such  a  proposal.  Why  not  throw^  away  our  standards  and  adopt 
new  ones?  Why  not  cut  down  the  trees  in  Central  Park  and  set 
out  saplings  in  their  places?  There  is  no  doubt  that,  give  him 
time,  a  capable  landscape  architect  could  improve  the  Park.  The 
answer  to  each  question  is  the  same.  With  trees  and  standards 
alike,  a  generation  of  time  is  required  for  them  to  take  root  and 
grow  and  become  integral  with  the  soil.  Moreover,  the  old  stand- 
ards cannot  be  cut  down.  The  new  must  grow  up  in  the  shadow 
of  the  old,  and  saplings  transplanted  to  the  depth  of  an  old  forest 
are  not  apt  to  thrive.  Destroy  our  standards  for  the  sake  of  new 
ones  that  are  no  better,  and  that  can  only  become  really  stand- 
ard after  a  generation  of  confusion.  This  is  the  metric  pro- 
gramme of  simplicity,  progress,  and  reform.  And,  again,  what  is 
it  all  for?  How  much  compensation  wdll  there  be  in  the  "  beau- 
tiful interrelation  and  correlation  of  the  units  "  ? 
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Examination  of  the  ClaiDis  of  Superiority  for  the  Metric  System. 

(54.  The  kcvnolt'  of  my  ariiumciit  for  a  lime  will  he  lliat  the 
wliolc  iiijiltcr  is  a  hatiatollo  ;  that,  in  short,  the  triHiiii!,- advantages, if, 
iiuk'cd,  there  he  any  adx'antages  at  all,  to  he  ohtaineil  hy  the  ach)])- 
tion  of  the  metric  system  are  not  for  a  moment  to  be  compared 
with  the  enormous  cost  of  making  the  change.  Every  thinking 
man  knows  that  a  duodecimal  system  of  numbers  Avould  be  better 
than  the  present  decimal  system,  but  no  one  is  so  foolish  as  to 
seriously  propose  a  change,  and  the  cases  are  exactly  parallel. 

On  its  merits,  then,  I  claim  that  the  metric  system  is  a  bagatelle. 
Admit  all,  for  the  sake  of  argument,  that  the  metric  advocates 
have  claimed  regarding  the  fundamental  superiority  of  the  sys- 
tem and  we  admit  nothing.  The  pro-metric  argument  is  that 
the  decimal  basis  and  the  interrelation  of  the  units  of  length,  of 
capacity,  and  of  weight  greatly  simplify  and  abbreviate  calcula- 
tions. That  is  all,  for  when  it  comes  to  actually  measuring  things 
no  one  claims  that  it  cannot  be  done  just  as  readily  by  the  English 
system;  and,  in  fact,  if  there  is  any  argument  from  this  stand- 
point it  is  that  the  English  system  is  better  than  the  French  sys- 
tem. 

05.  In  support  of  this  claim  of  superiority  for  the  purposes  of  cal- 
culation, the  standard  illustration  relates  to  the  calculation  of  the 
volume  and  w^eight  of  a  tank  of  water;  and,  in  fact,  at  the  close 
of  the  pamphlet  giving  the  testimony  before  the  House  com- 
mittee— a  pamphlet  which,  as  a  matter  of  duty,  I  have  read  from 
the  first  page  to  the  last — are  some  comparative  tables  showdng 
the  number  of  figures  involved  in  such  calculations  by  the  two 
systems.  ISTow^  the  weak  point  of  this  exhibit  is  that  to  very  few 
people  is  the  weight  of  a  tank  of  water  of  any  consequence  what- 
ever. Of  the  members  of  this  society  of  engineers  I  doubt  if 
10  per  cent,  ever  had  to  determine  the  w^eight  of  a  tank  of  w^ater 
or  the  pressure  on  its  bottom.  This  illustration  is  contemptible 
in  its  littleness.  The  calculations  of  this  nature  which  engineers 
have  to  make  relate  to  the  weights  of  masses  of  the  materials  of 
construction — iron,  steel,  brass,  masonry,  etc. — and  the  procedure 
is  the  same  by  either  system;  we  multiply  the  length  by  the 
breadth  and  the  thickness,  and  then  multiply  the  product  by  a 
constant  for  the  material.  With  the  metric  system  that  con- 
stant is  the  specific  gravity,  and  wdtli  the  English  system  it  is  the 
weight  per  cubic  inch.     That  is  all,  and  when  summed  up  the 
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difference  in  the  procedure  is  simply  that  between  tweedle  dee 
and  tweedle  dum. 

GO.  Which  system  involves  the  more  figures  in  such  relations  no 
one  can  say  a  priori  with  any  certainty.  Please  note  my  words. 
Two  factors  enter  the  matter,  one  of  which  favors  the  English, 
and  the  other  the  metric  system.  The  factor  which  favors  the 
English  system  is  the  smallness  of  the  French  unit — the  milli- 
metre, which  is  about  equal  to  the  one-twenty-fifth  part  of  an  inch. 

In  the  practical  use  of  the  metric  system  in  machine  construc- 
tion, the  millimetre  and  not  the  metre,  as  originally  intended,  is 
the  unit  of  length — that  is,  the  figure  1  means  1  millimetre,  and 
not  1  metre.  To  express  1  metre  we  write  1,000.  The  metre, 
as  such,  does  not  appear  upon  the  drawing  at  all.  Ei^ght  metres 
appear  as  8,000  millimetres— and  what  a  charming  expression 
that  is — it  reminds  me  of  nothing  so  much  as  measuring  the  dis- 
tance to  the  moon  in  inches.  And  this  must  be  so,  because  we 
cannot  have  two  decimal  points.  In  the  nature  of  the  case,  for 
any  class  of  work,  we  must  first  fij?:  the  position  of  the  decimal 
point  and  then  keep  it  there.  Eancy  a  ledger  in  which  the  deci- 
mal point  sometimes  appeared  after  the  dollars  and  some- 
times after  the  cents.  By  common  consent  in  metric  countries 
and  for  machine  construction  the  point  is  placed  after  the  milli- 
metres. 

67.  The  use  of  the  millimetre  as  a  unit  for  measuring  large  di- 
mensions is  precisely  analogous  to  the  use  of  the  cent  for  measuring 
large  values,  and,  just  as  the  expression  7,000  cents,  for  example, 
conveys  no  definite  idea  of  its  value  to  the  mind  until  it  is  reduced 
to  dollars,  so  the  expression  7,000  millimetres  conveys  no  definite 
idea  of  its  magnitude  until  reduced  to  metres.  Dimensions  of 
thousands  of  millimetres  are  common  on  metric  drawings. 

The  smallness  of  this  unit  increases  the  number  of  figures  neces- 
sary to  express  a  given  dimension,  an  increase  which  grows  with 
the  dimension.  To  express  a  dimension  between  about  4  and  40 
inches  we  must  use  not  less  than  three  figures,  and  between  about 
40  and  400  inches  not  less  than  four  figures,  although  in  English 
units  these  dimensions  up  to  108  inches  can  often  be  expressed  by 
a  single  figure.  Thus  the  distance  which  we  would  call  8  feet  is, 
in  the  metric  system,  2,438  millimetres.  This  increased  number 
of  figures  necessary  to  express  a  given  dimension  increases  the 
labor  of  calculation  by  the  metric  system. 

The  effect  of  this  reduction  in  the  size  of  the  unit  is  startling. 
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I  am  not  splitting  Imirs  at  all.  For  example,  taking  the  illustra- 
tion cited  above.  If  1  have  a  surface  8  feet  long  by  8  feet  wide, 
and  I  wish  to  find  its  area,  I  multiply  8  by  8,  whereas  if  the  same 
surface  has  been  measured  in  metric  units  I  must  multiply  2,438 
by  2,438. 

08.  To  multiply  8  by  8  involves  but  a  single  mental  act  and  but 
four  figures — two  8's,a  (),and  a  4.  ^Iultii)ly  2,438  by  2,438,  and  it 
will  be  found  to  involve  32  figures,  ^loreover,  finding  the  partial 
products  involves  the  multiplication  of  four  figures  by  four  figures 
— that  is,  16  mental  acts.  Add  the  number  of  such  acts  required 
in  adding  the  partial  products  and  in  carrying,  and  a  total  of  41 
distinct  mental  acts  will  be  found.  That  is,  while  the  number 
of  figures  required  to  express  the  dimension  has  increased  four- 
fold, the  number  required  for  the  operation  has  increased  eight- 
fold, and  the  mental  labor  involved  has  increased  over  forty-fold ! 
Of  course  the  case  is  not  representative,  and  it  is  not  so  offered. 
I  do  not  want  any  one  to  imagine  that  I  think  the  metric  system 
is  forty  times  as  cumbersome  as  our  own.  I  have  simply  selected 
an  extreme  case  to  show  that  here  is  a  factor  that  must  be  reck- 
oned with,^'  albeit  the  pro-metric  literature  may  be  searched  with 
a  microscope  without  finding  a  single  reference  to  it  unless  the 
searcher  is  more  lucky  than  I  have  been.  I  doubt  if  there  are  a 
dozen  members  of  this  society  who  ever  heard  of  it  before,  or 

*  It  is  not  necessary  to  jump  from  millimetres  to  feet  nor  to  confine  ourselves 
to  integral  English  dimensions  to  illustrate  this  small  unit  effect.  In  place  of 
the  surface  assumed  in  the  text  assume  one  of  8h  inches  or  216  millimetres  (deci- 
mals omitted)  square,  and  the  operations  of  finding  the  area  are  as  follows : 

English  Metric 

8|  216 

8h  216 


41  1296 

4  216 

64  432 


72i  46656 

Summing  this  up  we  have  the  following  results : 

EngHsh.  Metric. 

Number  of  figures  required  to  express  the  dimensions. 3  3 

Number  of  figures  required  to  work  the  problem 16  21 

Number  of  mental  acts '. 6  17 

Like  the  other,  this  illustration  is  not  offered  as  a  representative  problem,  but 
to  demonstrate  the  action  of  the  small  unit. 


448  THE   METRIC    SYSTEM. 

one  who  ever  before  saw  it  reduced  to  figures.  That  this  small 
unit  effect  acts  to  largely  reduce  the  savings  due  to  the  absence 
of  fractions  is  as  clear  as  the  sun  at  noon. 

i)\).  'J'hat  more  fii»urevS  arc  rcciuircd  to  express  a  i^ivon  distance  in 
a  small  unit  than  in  a  large  one  is  certainly  obvious,  that  this, 
taken  by  itself,  tends  to  increase  the  labor  of  calculation  is  also 
obvious,  and  that  the  mental  effort  increases  far  more  rapidly  than 
this  increase  in  figures  is  shown  by  the  illustrations.  That  this 
effect  niust  be  placed  against  the  gain  due  to  the  absence  of  frac- 
tions in  order  to  obtain  the  net  effect,  is  as  clear  as  anything  on 
earth  can  be.  Nevertheless  this  effect  is  completely  and  con- 
veniently ignored  by  the  metric  advocates. 

When  it  comes  to  the  claim  that  this  metric  system  reduces  the 
labor  involved  in  the  calculations  of  every-day  life  enough  to  be 
a  matter  of  any  public  moment  whatever,  it  simply  is  not  so. 

This  action  is  always  present — albeit  often  offset  by  the  ab- 
sence of  fractions — whenever  we  deal  with  quantities  larger  than 
1  centimetre. 

No  dimension  on  a  machine  drawing  above  9  millimetres  (about 
f  inch)  is  ever  expressed  by  a  single  digit,  and  none  above  9  centi- 
metres (about  3^  inches)  by  two  digits.  In  English  units  9  feet 
may  be  expressed  with  one  figure,  and  99  feet  with  two.  Talk 
about  simplicity.     A  metric  drawing  is  a  wilderness  of  figures. 

70.  Even  the  assumed  simplicity  of  decimal  fractions  is  to  a  large 
degree  fictitious.     Compare  the  following  table  of  equivalents: 

^\  =  .0625 

3^  =  .03125 

i-^  =  .015625 

3^0  =  .0028  + 

jio  -=  .0022  + 

^^0  =  .0018  + 


Read  some  of  these  expressions  aloud.  One-eighth  equals  one 
hundred  twenty-five  thousandths;  one  sixtieth  equals  one  hundred 
sixty-seven  ten  thousandths;  one  thirty-second  equals  three  thou- 
sand one  hundred  twenty-five  hundred  thousandths.  Can  any 
one  say  that  the  decimal  equivalents  give  as  clear  a  mental  picture 
of  their  value  as  the  vulgar  fractions?  They  never  do,  except 
where  the  decimal  is  small,  and  this  explains  why  people  insist 
on  usmg  vulgar  fractions. 


i  =  .3333  + 

1  

-60  — 

.0166  + 

i  =  .25 

-7^-- 

.0143  + 

i  =  .2 

1  

80  — 

.0125 

i  =  .1666  + 

9^,= 

.0111  + 

4-.1428  + 

1   

200  — 

.005 

i  =  .125 

300  = 

.0033  + 

i  =  .llll  + 
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The  superiority  of  the  deeinial  system  as  applied  to  eurrency 
is  hirgely  due  to  the  great  amount  of  adding  to  be  done.  With 
day  book,  journal,  ledger,  cash  book,  trial  balance,  balance  sheet, 
invoice  inward  and  invoice  outward  alike,  it  is  add,  add,  add,  and 
then  add  some  more.  1'he  amount  of  adding  to  be  done  in  con- 
nection with  money  is  both  relatively  and  absolutely  out  of  all 
comparison  with  that  involved  in  connection  with  weights  and 
measures.  When  it  comes  to  multiplication  or  division,  vulgar 
fractions  are  often  the  simpler.  The  comparisons  drawm  between 
currency  and  weights  and  measures  will  not  bear  examination. 

71.  Some  very  striking  testimony  on  the  subject  of  the  compara- 
tive labor  of  calculations  by  the  two  systems  was  offered  before  th(^ 
House  committee  by  Mr.  J.  11.  Linnard,  a  naval  architect  of  the 
Xavy  Department,  who  learned  his  profession  in  France,  where 
he  spent  four  years  studying  naval  architecture  in  the  metric 
system,  which  profession  he  has  practised  since  1887  in  this 
country,  where,  of  course,  he  has  used  the  English  system. 
Here  is  a  man  who  may  fairly  be  said  to  know  what  he  is  talk- 
ing about,  and,  moreover,  one  would  expect  his  predilections  to 
favor  the  metric  system,  as,  in  his  schooldays,  naval  architec- 
ture and  the  metric  system  were  part  and  parcel  of  the  same  thing. 
Nevertheless  he  testified  (page  183):  ^^  As  far  as  calculations  in 
the  matter  of  shipbuilding  are  concerned,  it  is  just  as  convenient 
in  every  way,  shape,  and  form  to  use  English  measurements  as 
French." 

Such  testimony  cannot  be  ignored.  It  is  worth  more  than  all 
the  essays  and  a  priori  arguments  that  can  be  written  from  now 
until  doomsday.  There  is  probably  no  branch  of  engineering 
which  involves  so  many  or  such  laborious  calculations  as  ship  de- 
signing. It  may  be  regarded  as  the  crux  of  the  wdiole  matter. 
^Moreover,  in  connection  with  many  of  the  problems  of  the  naval 
architect  the  pet  tank  of  water  illustrations  would  seem  to  apply 
directly,  but,  unfortunately,  the  naval  architect  has  to  deal  ^^dth 
salt  water,  which  has  a  greater  specific  gravity  than  fresh  water, 
and  so  these  pretty  illustrations  fail  to  apply  even  here.  If  the 
Creator  would  kindly  make  the  earth  over  again  and  fill  the  seas 
with  distilled  water  the  case  might  be  different. 

72.  The  following  testimony  from  another  article  by  Mr.  Hess, 
published  in  the  American  Machinist  for  October  16,  1902,  is  even 
more  striking,  because  Mr.  Hess,  before  his  practical  experience 
with  the  metric  system,  was  an  advocate  of  it: 

29 
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Some  years  since  I  was  asked  to  sign  a  petition  to  Congress  asking  that  the 
metric  system  of  measurements  be  officially  adopted  as  the  legal  American 
standard.  In  common  with  many  others  I  compli(;d,  und(ir  the  impression  that 
the  ease  of  reckoning  with  decimals  and  tin;  convenience  of  a  logically  harmonious 
system  would  be  sufficient  to  compensate  for  all  troubles,  fancied  and  real, 
incidental  to  the  change.  Since  then  actual  experience  with  the  metric  system 
has  led  to  a  revision  of  views,  so  that  to-day  I  am  decidedly  "  on  the  fence." 

That  the  metric  system  is  a  really  satisfactory  solution  of  the  problem  is, 
to  say  the  least,  doubtful.  The  convenience  of  its  units  as  to  size  is  debatable; 
but  it  is  very  likely  that  no  series  of  units  can  be  generally  satisfactory.  The 
requirements  of  the  various  arts  and  sciences  are  far  too  varied  for  that.  The 
best  unit,  or  series  of  units,  is  one  that  does  not  involve  large  figures. 

That  argument  of  the  advocate  of  the  metric  system  that  its  unit,  the  metre, 
is  a  natural  one,  a  certain  definite  portion  of  the  earth's  diameter  [sic],  may  be 
at  once  dismissed;  it  has  already  been  proven  that  the  metre's  relation  to  the 
earth's  diameter  is,  or  was,  not  reliably  known. 

There  remains  the  other  chief  claim — convenience  in  reckoning,  owing  to 
the  metric  system  having  been  built  up  on  the  decimal  plan.  This  is  really 
a  very  alluring  claim,  but  will  not  bear  close  scrutiny.  The  decimal  system  is 
only  in  part  more  convenient  than  a  binary  system,  but  not  wholly  so,  or  even 
more  so.  It  is  in  fact  more  uncertain  in  arithmetical  operations  than  the  decid- 
edly faulty  English  system.  This  statement,  directly  opposed  to  my  precon- 
ceived notions  of  a  few  years  ago,  is  advanced  as  a  result  of  direct  experience 
with  the  metric  system,  extending  now  over  three  years.  Having  been  gradually 
led  to  this  conclusion  I  determined  to  put  it  to  a  practical  test.  A  certain  prob- 
lem— not  made  up  specially  for  the  occasion,  but  cropping  up  in  regular  practice 
— was  submitted  to  seven  draughtsmen  and  designers,  some  of  them  of  more  than 
average  attainments,  and  all  of  them  thoroughly  familiar  with  the  metric  system, 
through  having  used  it  almost  exclusively  in  their  practice  and  schooling.  The 
correct  result  was  arrived  at  by  only  three  of  the  seven  men. 

The  problem  was  at  first  given  to  but  one  man,  and  only  the  obviously  wrong 
result  led  to  its  being  handed  over  to  the  others.  The  difficulty  lay  in  the  cor- 
rect location  of  the  decimal  point ;  with  one  exception  all  had  the  correct  numerals, 
but  the  men  were  apparently  lost  in   the  maze  of  decimal  figures. 

The  same  problem  with  equivalent  values  in  English  units  was  then  handed 
out.  The  correct  result  was  arrived  at  by  six  out  of  seven  men  in  an  average 
of  two-thirds  the  time  taken  for  its  solution  in  the  metric  system,  showing  that 
the  percentage  of  error  was  very  much  less  and  the  time  considerably  less  with 
the  binary  system,  notwithstanding  the  relative  unfamiliarity  of  the  men  with 
the  units  of  the  binary  system. 

A  decimal  system  is  not  as  convenient  as  a  binary  system  in  mathematical, 
draughting-room  or  shop  work  at  least  so  far  as  mechanical  engineering  is 
.  concerned. 

Additional  evidence  unfavorable  to  the  claims  for  economy  of 
time  in  calculations  will  be  found  in  the  reply  to  Mr.  Christie's  con- 
tribution to  the  discussion. 

73.  But  ignore  Mr.  Linnard's  and  Mr.  Hess's  testimony  if  you 
will,  and  what  does  the  pro-metric  argument  amount  to  ?    Suppose 
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\\w  labors  of  naval  avfliitocts  and  eniiinoors  «;-c'nerally  wore  i\\)]n'('- 
ciably  ligliteucd  by  the  use  of  the  metric  system,  what  would  it 
amount  to?  AVhat  is  the  proportion  of  engineers  to  the  public 
at  large,  and  how  much  would  the  aggregate  saving  amount  to? 
Figure  up  the  aggregate  if  it  can  be  done,  and  then  divide  it  by 
the  number  of  the  population,  and  how  many  seconds  per  day  for 
each  man  would  be  obtained?  This  explains  what  I  meant  in  say- 
ing that  if  the  arguments  of  the  metric  advocates  be  admitted  the 
admission  amounts  to  nothing.  As  an  economic  factor  in  the  life 
of  this  people,  I  insist  that  the  saving  of  time  due  to  the  use  of 
the  metric  system  in  calculation  is  an  absolute  bagatelle.  'No 
microscope  ever  magnified  material  things  to  the  extent  that  the 
importance  of  this  matter  has  been  magnified.  I  cannot  express 
my  contempt  for  the  argument  that,  in  order  to  lessen  the  labor 
of  a  man  here  and  there  throughout  the  country,  this  nation 
should  be  put  to  the  confusion  and  turmoil  involved  in  tearing 
up  by  the  roots  the  most  fundamental  feature  of  its  commercial 
and  industrial  life.  The  proposition  is  unthinkable.  "  Talk  about 
special  legislation;  the  words  do  not  describe  it.  The  only  field 
in  which  the  interrelation  of  the  units  cuts  any  considerable  figure 
is  the  electrical  field.  This  narrows  the  issue  still  more.  Shall 
we  do  this  for  the  electrical  engineers? 

T-i.  Again,  icliat  is  it  all  for?  Such  a  change  as  this  is  justifiable 
only  in  case  of  great  and  manifest  advantages.  ^Vliy,  then, 
should  we  embark  on  this  movement,  the  end  of  which  no  man 
can  foresee,  when  its  advantages,  granting  them  to  exist,  are  so 
slight  and  so  elusive  that — ^with  unexcelled  opportunities  for  com- 
parison and  formerly  an  advocate  of  the  system — a  man  like  Mr. 
Hess  cannot  find  them? 

In  this  connection  I  wish  to  call  attention  to  another  matter. 
Engineers  are  no  longer  subject  to  the  drudgery  of  calculations. 
For  the  past  twenty  years  an  instrument  for  this  purpose  has 
been  growing  in  use,  until  it  has  become  almost  universal  among 
engineers  below  middle  life,  its  use  being  taught  as  a  matter  of 
course  in  our  engineering  colleges.  I  refer  to  the  slide  rule, 
which  has  become  almost  as  familiar  a  thing  on  an  engineer's 
desk  as  well  as  on  those  of  many  commercial  men,  as  a  lead-pencil 
or  a  pair  of  dividers.  It  performs  all  the  ordinary  calculations 
of  life,  except  addition  and  subtraction,  so  quickly  that  there  is 
nothing  left  for  the  metric  system  to  save,  and  as  an  economic 
factor  in  the  life  of  the  American  people  it  is  worth  twenty  metric 
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systems.  These  people  consider  us  a  lot  of  mossbacks  and  old 
fogies.  As  a  matter  of  fact,  it  is  they  who  are  twenty  years 
beliind  the  times,  for  they  do  not  know  that  the  drudgery  of  cal- 
culations is  already  a  thing  of  the  past. 

75.  To  go  back  to  the  calculation  of  constructive  weights, no  one 
to-day  would  do  it  except  by  the  slide  rule.     For  this  the  small 

;  numbers  due  to  the  large  units  of  the  English  system  are  dis- 
tinctly superior  to  the  large  numbers  due  to  the  small  French 
units.  With  the  former  we  determine  the  decimal  point  instinc- 
tively, while  with  the  latter  we  must  keep  tab  on  the  decimal  point. 

Putting  the  little  slide  rule  alongside  the  great  systeme  uni- 
verselle  may  appear  to  some  like  standing  Jack  the  Giant  Killer 
alongside  his  victims,  but  do  not  forget  the  final  result. 

Moreover,  the  entire  argument  for  this  saving  of  time  in  calcula- 
tion is  based  on  the  tacit  assumption  that  the  old  units  will  become 
extinct  since,  if  they  are  to  be  used,  they  must  appear  in  calcula- 
tions. When,  as  in  French  and  German  textile  industries,  the 
old  and  new  units  are  used  conjointly,  there  is  an  actual  loss  of 
many  times  the  theoretical  gain. 

Witness  the  closing  of  the  grave  over  a  century  of  delusion 
regarding  a  wonderful  saving  of  time  in  calculations,  to  be  ob- 
tained by  the  adoption  of  the  metric  system. 

The  Foreign  Trade  Argument. 

76.  As  a  matter  of  public  policy  the  only  view  of  this  question 
which  is  of  any  moment,  is  that  which  asserts  that  the  adoption 
of  the  metric  system  is  necessary  in  the  interests  of  foreign  trade. 
If  this  view  were  true  as  a  general  proposition — which  I  shall 
show  it  is  not — it  would  still  be  no  sufficient  reason  for  govern- 
mental action.  There  are  a  few  parts  of  one  line  of  machines 
which  it  is  important  to  have  made  in  accordance  with  the  system 
of  measurements  employed  by  the  user.  In  making  such  ma- 
chines for  countries  using  the  metric  system,  our  manufacturers 
have  adapted  themselves  to  this  fact,  and  if  they  are  half  as 
astute  as  we  all  believe  them  to  be,  they  may  be  depended  upon 
to  so  continue.  A  manufacturer  is  certainly  in  far  closer  touch 
with  his  customers  than  any  government  can  be,  and  this  subject, 
which  is  so  interwoven  with  all  business  interests,  is  the  last  one 
in  which  what  has  been  called  '^  the  clumsy  hand  of  legislation  " 
should  interfere. 

77.  In  the  appendix  I  have  shown  how  and  why  the  machine- 
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buiMiiiii-  iiidustrv  is  tlic  foinidaticni  industry  of  iiiodcrii  life,  and 
cjirrvinir  tlic  simile  still  furtlior,  tlio  niacliine  tool-hnildinir  industry 
is  tlio  footiuii*  course  of  the  foundation.  It  is  bv  these  machines 
that  nil  machines — includinc:  themselves — are  made.  Li  this  dis- 
tinction they  stand  apart  from  all  other  products  of  human  skill, 
and  when  one  is  in  a  machine  tool-buildiuii;  shoji,  he  may  be  verv 
sure  that  he  is  witncssinc:  the  primal  industry  of  our  time.  This 
is  the  absolute  zero  of  modern  industry. 

The  man  who  buys  machines  of  this  class  does  so  in  order  to 
make  other  machines.  By  them  all  parts  of  all  machines  are 
made  to  the  required  size. 

If  this  assertion  that  export  trade  requires  the  adoption  of  the 
metric  system  were  true  at  all,  it  would,  for  this  reason,  be  doubly 
true  in  connection  with  machine  tools.  What,  however,  are  the 
facts?  Of  all  the  developments  of  our  export  trade  in  the  last 
half-dozen  years,  none  has  been  more  pronounced  than  in  this 
class  of  machines.  In  number  and  variety  those  sent  abroad 
have  been  legion,  and  of  all  countries  of  the  world  Germany  has 
been  our  best  customer,  with  France  not  far  in  the  rear.  I  have 
made  it  my  business  to  inquire  how  many  and  what  changes  ma- 
chine tool-builders  have  found  called  for  by  their  foreign  cus- 
tomers, and  the  answer  settles  this  contention.  I  have  said  in  the 
appendix  that  one  of  the  Cincinnati  milling  machines  contains 
18,300  dimensions*;  of  these  that  company  has  found  occasion  to 
make  two  to  metric  dimensions,  these  being  the  pitches  of  the 
traversing  and  elevating  screws  of  the  milling  machine  table. 
These  two  screws  are  distinctly  measuring  screws,  and  the  need 
of  their  being  made  to  metric  pitches  is  obvious  to  any  mechanic. 
The  lead  screw  of  lathes  is  a  similar  measuring  screw,  and  this 
likewise  in  many — though  by  no  means  all  cases — must,  when 
sent  to  metric-system  countries,  be  made  to  metric  pitch.  These 
three  screws  comjyinse  all  the  parts  of  the  hundreds  of  j}^'^'^^  ^f 
the  thousands  of  machine  tools  sent  abroad  that  have  needed 
change^'^  while  in  steam  engines,  mining,  agricultural,  and  other 
lines  of  machinery  no  chana-es  whatever  have  been  called  for. 


*  This  should  be  understood  as  meaning  that  these  are  all  of  the  changes  that 
I  have  been  able  to  find.  No  doubt  there  are,  here  and  there,  in  machine  tools, 
adjusting  screws  analogous  to  those  named  which  have  needed  changing,  but 
the  essential  fact  is  that  the  changes  have  been  absolutely  infinitesimal,  and  that, 
so  far  as  general  construction  is  concerned,  no  changes  whatever  have  been 
needed. 
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78.  Til  at  there  may  be  no  possible  doubt  about  the  facts  being  as 
stated,  I  refer  to  the  action  of  the  CleveLand  (October,  1902)  Con- 
vention of  the  National  Machine  Tool  Builders'  Association,  which 
condemned  the  bill  now  before  Congress,  among  other  reasons 

Because  the  sale  of  many  million  dollars'  worth  of  machine  tools  has  been 
made  abroad  by  members  of  this  association,  especially  to  France  and  Germany, 
without  requirement  or  request  by  the  purchasers  for  changes  in  general  construc- 
tion to  conform  to  metric  measurements,  the  only  changes  being  in  adjusting  and 
measuring  screws,  the  great  majority  of  machines  needing  no  changes  whateveF." 

Further  confirmation  of  these  facts  is  found  in  the  letter  by 
M.  Benet,  of  Hotchkiss  &  Cie,  Paris,  of  which  portions  have 
already  been  given.    He  says : 

Practically  the  question  has  no  personal  interest  for  me,  as  we  of  course  work 
in  our  own  shops  to  the  metric  system,  and  this  has  in  no  way  prevented  us  from 
doing  a  large  business  with  the  Governments  of  the  United  States,  England, 
Russia,  and  other  countries.  We  are  using  a  very  large  amount  of  American 
machinery  in  our  works,  and  the  fact  that  this  was  ail  built  to  English  measures 
has  given  no  difficulty.  Of  course  the  leading  and  cross  feed  screws  are  supplied 
to  metric  pitch,  but,  as  you  say,  this  involves  two  dimensions  out  of  the  many 
thousands  that  enter  into  the  drawings  of  a  machine.  All  of  the  newer  and  most 
up-to-date  establishments  in  France,  including  all  of  the  Government  establish- 
ments, are  largely  equipped  with  American  machinery,  and  I  know  of  no  case 
where  the  fact  of  the  machines  being  built  to  English  measures  affected  their  sale 
ability. 

I  believe  that  the  passage  of  the  proposed  bill  will  be  the  cause  of  much  loss  of 
accumulated  wealth,  of  much  confusion,  and  that  the  adoption  of  the  metric  sys- 
tem will  in  no  way  affect  the  trade  of  the  United  States  for  the  better. 

I  have  one  fact  to  add  which  is  still  more  striking.  The  Chand- 
ler &  Taylor  Company,  of  Indianapolis,  build  saw-mills,  which 
they  export  largely,  having  specially  large  markets  in  Central 
and  South  America — metric  using  countries,  according  to  our 
friends  of  the  other  side — and  for  whom  Chandler  &  Taylor  have 
issued  a  Spanish  catalogue.  A  saw-mill  has  a  feed  works  com- 
posed of  levers,  gears,  etc.,  by  which  the  log  is  fed  forward  after 
each  cut,  and  by  this  gear  the  thickness  of  the  boards  is  deter- 
mined, this  feed  gear  being  regularly  made  to  cut  the  boards  to 
English  dimensions  Six  years  ago  the  Chandler  &  Taylor  Com- 
pany inserted  in  their  Spanish  catalogue  a  statement  that,  on  re- 
quest and  without  extra  charge,  they  would  make  this  gear  to  cut 
the  boards  to  metric  dimensions,  but,  unless  otherwise  specified, 
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they  would  furnish  the  English  gear,  and  up  to  last  April  not  one 
inquiry  ur  request  for  the  metric  gear  had  come  in. 

71).  'J'he  statement  that  goods  must  be  made  tu  metric  dimensions 
in  order  to  sell  in  metric  countries  is  as  broad  as  it  is  long  It 
simply  asserts  that  in  order  to  sell,  goods  must  be  made  in  accord- 
ance with  the  system  of  measurements  used  by  the  purchaser, 
and  from  it  it  follows  that  in  order  to  sell  here,  goods  must  be 
made  in  accordance  with  the  English  system.  AVliat,  however, 
are  the  facts?  Eor  forty  years  the  Sellers'  injector  has  been  made 
to  metric  dimensions  (excepting  always  the  screw  threads),  and 
no  one  was  ever  heard  to  object  to  it  on  that  account.  There  are  a 
dozen  other  American  makers  of  injectors,  all  of  whom,  I  believe, 
use  the  English  system,  and  no  one  can  say  that  at  least  some  of 
them  do  not  make  good  injectors.  A  purchaser  who  objects  to 
the  metric  dimensions  of  the  Sellers  instrument  can  certainly 
satisfy  his  wants  elsewhere,  but  I  am  not  aware  that  any  one  has 
ever  been  heard  to  raise  the  objection. 

We  may,  however,  take  a  broader  view  of  the  matter.  From 
the  Monthly  Summary  of  Commerce  and  Finance,  published  by 
the  Treasury  Department,  I  learn  that  during  the  year  ending 
June  30th  last  there  were  imported  into  this  country  $480,000,- 

000  worth  of  manufactured  and  semi-manufactured  goods,  which 
sum  does  not  include  $265,000,000  worth  of  "  articles  of  volun- 
tary use,  luxuries,''  etc.,  some  of  which  were  probably  manufac- 
tured. 

80.  According  to  our  metric  friends  all  of  these  goods,  except 
those  from  England  and  her  colonies,  are  from  metric  countries, 
and  perforce  must  be  made  in  accordance  with  the  metric  system. 

1  am  unable  to  determine  the  percentage  of  metric  goods  from 
the  tables  given,  but  did  any  one  ever  hear  of  a  single  instance 
in  which  such  goods  were  objected  to  because  they  were  not  made 
in  accordance  with  the  En2:lish  svstem? 

In  buying  a  machine,  for  example,  the  customer  needs  to  know 
certain  facts,  and  these  facts  should  be  given  him  in  language 
He  can  understand.  Among  such  facts  are  the  weight,  the  length, 
width,  height,  and  the  capacity.  If  the  machine  is  a  planer, 
for  example,  the  customer  must  be  told  the  largest  size  of  work 
which  it  will  do,  as  well  as  its  weight  and  over  all  dimensions, 
in  his  own  language,  which  includes  his  system  of  weights  and 
measurements.  To  give  such  facts  in  the  metric  system  no  more 
involves  the  adoption  of  the  system  than  the  furnishing  of  a 
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catalogue  in  the  German  language  involves  the  adoption  of  that 
language.  That  the  foreign  customer  should  care  whether  the 
working  parts — the  shafts,  the  gears,  the  levers,  etc. — are  made  A 
to  metric  dimensions  or  not  is  ridiculous.  Machines  are  sold  by 
their  operating  qualities,  the  price,  and  the  time  of  delivery,  and 
not  by  the  fact  that  a  certain  shaft  is  25  millimetres  in  diameter 
instead  of  1  inch. 

81.  Just  as  the  idea  of  using  metric  equivalents  for  existing  di- 
mensions has  misled  many  mechanics,  so  this  need  of  the  foreign 
purchaser  for  such  information  in  units  with  which  he  is  familiar 
has  misled  many  commercial  men.  They  imagine  that  because 
a  foreign  buyer  needs  such  leading  weights  and  measurements  as 
would  be  given  in  a  specification  or  in  a  letter  describing  the 
article  offered  for  sale  in  metric  units,  that  therefore  it  is  neces- 
sary to  adopt  the  metric  system  in  factory  operations.  The  use  of 
metric  units  in  this  descriptive  or  specification  way  when  writing 
to  a  prospective  German  customer,  for  example,  is  exactly  analo- 
gous to  use  of  the  German  language  under  the  same  circumstances. 
Both  serve  to  put  the  information  which  the  customer  wants  in 
terms  which  he  can  readily  understand. 

At  his  notable  inaugural  address  as  rector  of  St.  Andrew's  Uni- 
versity, Scotland,  Mr.  Andrew  Carnegie  urged  upon  the  nations 
of  Europe  the  necessity  of  an  alliance  against  this  country,  and 
told  them  bluntly  that  unless  they  agreed  to  something  of  this 
kind,  all  they  could  look  forward  to  was  to 

Revolve  like  so  many  Lilliputians  around  this  giant  Gulliver,  the  American 
Union. 

Can  Europe,  as  long  as  she  remains  divided  into  hostile  camps,  ever  hope  to 
conquer  foreign  markets  or  even  to  repel  the  American  invasion?     Never. 

America  now  makes  more  steel  than  all  the  rest  of  the  world.  In  iron  and 
coal  her  production  is  greatest,  and  it  is  also  so  in  textiles.  She  produces  three- 
quarters  of  the  world's  cotton.  The  value  of  her  manufactures  is  about  triple 
that  of  your  own.  Her  exports  are  greater,  and  the  clearing-house  exchanges 
at  New  York  are  almost  double  those  of  London. 


If  the  metric  system  is  necessary  in  the  interests  of  foreign 
trade,  as  the  metric  advocates  assert,  why  has  the  "  American  in- 
vasion "  made  such  progress  in  the  continent  of  Europe  ?  Why 
have  our  exports  of  manufactured  goods  increased  during  the  past 
half-dozen  years  at  a  rate  which  is  unexampled  in  the  history  of  the 
world  ? 
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Ana/t/,si's  of  the  BUL 

82.  Followiiic:  is  the  text  of  the  hill  ;is  i-cportcd  to  tlic  House  of 
Ke})ros('iitativ('s  by  the  Coinmittee  on  Coinai^'c,  Weights  and 
Measures.^* 

Be  it  enacted  bt/  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  on  and  after  the  first  day  of  January,  nine- 
teen hundred  and  four,  all  the  Departments  of  the  Government  of  the  United 
States,  in  the  transaetion  of  all  business  requiring:  the  use  of  weight  and  measiire- 
ment,  exeept  in  eompleting  the  survey  of  public  lands,  shall  employ  and  use  only 
the  weights  and  measures  of  the  metric  system ;  and  on  and  after  the  first  day  of 
January,  nineteen  hundred  and  seven,  the  weights  and  measures  of  the  metric 
system  shall  be  the  legal  standard  weights  and  measures  of  and  in  the  United 
States. 

The  Attorney-General  has  given  it  as  his  opinion  that  the  terms 
of  the  bill  do  not  make  the  use  of  the  system  compulsory  in  general 
business  transactions,  and  the  thoughtless  may,  therefore,  conclude 
that  there  is  no  cause  for  alarm. 

'No  one  can  read  the  pamphlet  to  ^vliicli  I  have  referred  so  often 
without  seeing  behind  this  whole  movement  the  spirit  of  compul- 
sion. 

83.  Thus  after  ]Mr.  Christie  had  deprecated  compulsion,  ^Iv. 
Shaffroth  said  (page  8)  :  "  I  will  state  that  it  is  about  the  only  way  it 
has  been  introduced.  Germany  adopted  it  by  compulsory  stat- 
ute of  the  Reichstag,  and  I  do  not  see  Iioav  you  can  do  it  any 
other  way.''  (And  lie  was  quite  right.)  Again  Dr.  Stratton 
(page  153)  was  asked  by  ^fr.  Gaines:  "You  would  make  the  law^ 

compulsory?"  to  which  he  replied  (italics  mine):    '' That  would 
depend  upon  the  time  allowed  for  its  adoption^ 

Here  is  this  great  mass  of  testimony,  of  which  the  overwdielm- 
ing  apparent  preponderance  is  to  the  effect  that  the  people  want 
this  system.  So  far  as  producing  any  real  adoption  of  the  sys- 
tem, the  bill  will,  of  course,  prove  absolutely  abortive,  ^"hat 
then?  ^hat  more  natural  than  that  this  thing,  which  by  the 
record  the  people  want,  shall  be  made  compulsory  after  gentler 
means  have  failed  to  accomplish  what  the  people  desire?  This  has 
been  the  history  of  metric  legislation  everywhere.  The  difficulty 
of  the  change  has  been  ridiculously  underestimated,  and  law  after 

*  The  text  as  given  is  from  the  Journal  of  the  Western  Society  of  Engineers  for 
August,  1902. 
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law  has  Locn  passed  to  iiiako  ])revious  laws  effective.*  The  in- 
chisioii  of  English  yarn  connts  in  tlie  German  tariff  schedule,  of 
Avhich  particulars  have  been  given,  represents  the  defeat  of  an 
atteni])t  to  make  previous  laws  effective  by  compelling  the  ex- 
clusive use  of  the  metric  system  in  German  textile  industries. 
The  interests  adversely  affected  made  such  an  outcry  as  to  defeat 
the  bill  as  originally  drawn. 

84.  Tlie  article  by  M.  Lamoitier,  from  which  extracts  have  been 
given  in  the  section  relating  to  the  persistence  of  old  units  in 
France,  closes  with  a  strong  appeal  for  another  law  to  compel  the 
use  of  the  system  in  French  textile  industries.  And  this  in  France 
after  a  century  of  the  metric  system!  He  has,  it  may  be  added, 
the  same  cheerful  confidence  in  the  sufficiency  of  one  more  law  to 
accomplish  the  purpose  that  our  metric  advocates  have  in  the  suf- 
ficiency of  the  bill  now  before  Congress  to  bring  about  this  great 
change  among  us  in  from  three  to  five  years. 

The  fact  that,  as  regards  those  who  do  business  with  the  gov- 
ernment, the  bill  is  already  a  compulsory  measure  is  enlarged  upon 
in  the  reply  of  Mr.  Southard's  contribution  to  the  discussion. 

The  scientific  method  has  demonstrated  beyond  the  possibility 
of  a  doubt  that  changing  a  people's  system  of  weights  and  meas- 
ures is  a  matter  of  mountainous  difficulty  and  of  endless  confu- 
sion. It  is  time  that  the  American  people  and  the  American 
Congress  learned  this  fact.  If  we  keep  silent  now  our  voice  can 
have  little  weight  later.  !N^ow  is  the  time  to  speak  if  we  are  to 
speak  with  an}^  effect. 

It  is  not  easy  for  a  layman  to  determine  the  meaning  of  the 
term  legal  standard.  Judging  by  the  words  of  those  who  ought 
to  know  (for  example,  Mr.  Shaffroth,  page  119),  the  phrase  means 
that  after  January  1,  1907,  the  metric  system  is  to  be  used  in  all 
actions-at-law  into  which  w^eights  and  measures  enter. 

85.  As  I  have  said,  the  effect  of  the  bill,  so  far  as  any  real  adop- 
tion of  the  system  is  concerned,  is  certain  to  be  abortive,  and  its  real 
effect,  so  far  as  the  general  public  is  concerned,  will  be  to  compel 
the  use  in  actions-at-law  of  a  system  of  weights  and  measures 
with  which  neither  witnesses,  jurymen,  lawyers,  nor  judges  will 
be  familiar. 

As  regards  tlie  adoption  of  the  system  in  the  Government  busi- 
ness, it  is  uncertain  what  is  meant  by  it,  except  that  the  metric 

*  See  Mr.  Colles's  paper,  vol.  xviii.,  p.  492,  of  the  Transactions. 
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advocates  arc  dotcnnincd  that  all  Govorninont  purchases  shall 
bear  the  metric  label.  If  this  provision  of  the  bill  means  that 
Government  purchases  of  machinery  are  to  be  made  in  t^ood  faith 
to  the  metric  system,  as  that  term  is  understood  in  France  and 
Germany,  then  in  many  lines  the  Government  will  c:o  without 
machinery  altogether,  and  it  will  pay  exorbitant  prices  in  others. 
If,  under  the  stress  of  these  circumstances,  enforcement  of  the 
law  is  relaxed,  and  we  do  with  the  Government  as  we  now  do  with 
foreign  customers — give  the  w^eight,  over  all  dimensions,  swing 
and  extreme  length  of  work  a  lathe  will  take  in,  for  example — and 
call  that  the  adoption  of  the  metric  system,  then  the  Government 
will  be  the  manager  and  the  Government  officials  the  actors  in 
the  greatest  farce-comedy  of  recent  years. 

SQ.  That  the  metric  system  can  become  our  real  factory  system 
of  production  within  any  reasonable  time  the  experience  of  other 
countries  alnmdantly  proves  to  be  impossible,  and  the  requirement 
that  the  s^^stem  be  used  in  all  Government  work  can  do  nothing 
more  than  to  force  the  adoption  of  a  special  system  for  that  work; 
in  other  words,  and  in  the  name  of  simplification,  compel  the  use 
of  two  systems  where  we  now  have  one. 

In  conclusion,  the  skies  are  black  enough,  but  there  is  never- 
theless one  bright,  particular  star  which  no  cloud  can  hide — this 
metric  programme  is  hopelessly  impossible.  Germany  is  held  up 
to  us  as  our  great  exemplar,  but  the  example  counts  for  nothing. 
When  the  German  Empire  was  formed  the  various  States  had 
each  its  own  units,  which  still  survive,  as  has  been  pointed  out. 
The  necessity  of  getting  rid  of  such  a  condition  of  things  was 
obvious.  State  jealousy  made  the  adoption  of  the  system  of  any 
one  State  impossible,  and,  as  the  only  way  out,  the  country  turned 
to  the  metre.  Gerinany  adopted  the  metre  in  order  to  do  awaij 
vntli  confusion  ',    onr  adoption  of  it  ivill  only  malice  conftisionr 

The  facts  are  thus  expressed  by  ]\I.  de  L'Espee,  who  has  already 


*  The  same  condition  of  a  multiplicity  of  units  varying  with  every  district  and 
even  toAMi,  was  what  led  to  the  original  invention  of  the  system  in  France,  as 
Mr.  Ball's  letter,  paragraph  34,  has  showTi  the  same  to  be  true  of  Spain.  Through- 
out the  length  and  breadth  of  the  United  States  and  of  the  British  Empire,  there  is 
not  and  never  has  been  any  comparable  condition.  The  reason  which  has  led  to  the 
change  elsewhere  is  here  lacking ;  the  uniformity  which  it  was  elsewhere  hoped  it 
might  secure,  it  \d\\  here  destro}-.  The  reasons  which  have  led  other  nations 
to  adopt  it  are  exactly  the  reasons  which  should  lead  the  Anglo-Saxon  nations  to 
have  nothing  to  do  with  it. 
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been  quoted  in  connection  with  the  conditions  prevailing  in  France 

and  Hfjizil : 

"The  third  advantage  of  the  system,  viz.,  the  substitution  of  a  uniform,  un- 
olinn«i;(\il)l(»  standard  for  the  endless  confusion  of  standards  tliat  pn; vailed  in 
France  and  in  other  countries  prior  to  its  adoption,  is  well  known  to  have  been 
the  main  cause  for  its  creation. 

"  It  is  not  necessary  here,  as  was  the  case  with  France  a  century  ago,  to  intro- 
duce order  and  uniformity  in  an  inextricable  confusion  of  provincial  standards. 
There  is  as  full,  complete,  scientific  and  uniform  a  system  in  existence  as  coukl  l)e 
wished  for :  the  foot,  the  pound,  the  acre  used  in  Liverpool,  are  identical  with 
the  foot,  the  pound  or  the  acre  used  in  New  York  or  San  Francisco.  Thus  the 
advantage  of  uniformity  which  France,  Germany,  Brazil,  etc.,  could  not  secure 
until  they  had  adopted  the  metric  system,  has  already  been  secured  here  under 
the  present  system,  and  this  all-important  reason  in  favor  of  a  change  is  lacking." 

87.  Every  such  condition  favored  the  change  in  Germany ;  every 
such  condition  opposes  it  here.  We  have  seen  a  little  of  the  task 
which  the  system  has  laid  on  Germany,  but  that  task  is  as  noth- 
ing compared  with  ours.  Comparison  between  the  development 
of  German  industries  thirty  years  ago  and  our  own  day  there  is 
none,  and  every  added  industry,  every  mill,  every  machine,  every 
material  thing  we  have,  is  another  kedge  anchor  to  the  inch. 
These  people  may  legislate  till  doomsday,  they  may  make  infinite 
confusion,  endless  turmoil,  limitless  sacrifice,  but  move  the  Eng- 
lish inch? — the  Archimedian  lever  is  still  unknown. 


APPE]!iDIX. 

Of  the  Fundamental  Importance  of  the  Machine-huilding  Industry 
in  Modern  life  and  of  the  Incorrbjpetence  of  Certain  Testiinony. 

88.  This  argument  is  a  growth  of  tw^enty  years.  When  a  student 
I  had  the  great  good  fortune  to  do  a  little  work  on  the  first  stand- 
ard measuring'  machine  made   in  this   countrv.      In  connection 

CD  *J 

with  that  I  obtained  a  little  insight  into  what  this  subject  of 
measurements  means,  and  the  profound  interest  thus  excited  has 
continued.  The  subject  and  its  ramifications  are  boundless. 
This  paper  is  but  a  pin-scratch  upon  its  surface.  Weights  and 
measures  are  the  warp  and  w^oof  of  our  industrial  life.  To  change 
them  without  destroying  the  fabric  which  they  compose  is  hope- 
less. 
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X(^xt  to  iMiiiiuniio,  wciiihts  and  measures  are  the  most  fiinda- 
niental  of  our  possessions.  All  knowledge  is  comparative,  and 
comparison  is  impossible,  except  tlirongli  the  use  of  weights  ami 
measures.  Take  away  our  measures  of  length,  of  weight,  of 
capacity,  of  value,  and  of  time,  and  no  life  beyond,  that  of  the 
most  primitive  savage  is  possible.  With  this  fundamental  nature 
goes  a  corresponding  difficulty  of  change — a  difficulty  which, 
there  is  abundant  proof,  is  only  equalled  by  the  difficulty  of 
changing  language  itself.  Practically  both  are  upon  a  par,  for 
I  believe  it  to  be  jnst  as  impossible  for  this  people  to  change  its 
weights  and  measures  as  to  change  its  language.  ISTo  nation  in 
modern  times  has  ever  gotten  rid  of  an  old  system,  as  my  argu- 
ment has  sho^vn  for  the  cases  of  France  and  Germany. 

S9.  As  my  argunuMit  relates  cliicHy  to  measures  of  length  as  used 
in  machine  construction,  it  is  important  to  explain  the  different 
bases  upon  which  measures  of  length  and  other  measures  stand. 
The  simplicity,  universality,  and  cheapness  of  commercial  meas- 
ures of  capacity  and  of  weight  are  obvious  to  all.  The  gallon 
measure  and  the  counter  and  platform  scales  of  the  grocer  cost 
but  little,  while  they  weigh  and  measure  all  his  commodities, 
except  those  sold  by  count.  Contrasted  vnth  this,  commercial 
measures  of  length  as  used  in  the  machine  shop  are  numbered 
by  the  hundred  and  by  the  thousand,  and  are  of  a  far  higher 
degree  of  precision  than  measures  of  weight  and  of  capacity. 
There  is  no  reason  why  every  gallon  of  molasses  should  be  the 
same — to  the  last  drop — as  every  other  gallon,  and  there  is  no 
reason  why  the  weight  of  a  barrel  of  flour  should  agree,  to  the 
last  fraction  of  a  scruple,  with  every  other  barrel.  Precision  in 
these  things  is  merely  a  commercial  matter,  and  the  commodities 
have  not  enough  value  to  justify  the  cost  of  minute  accuracy  in 
measuring  them. 

00.  In  the  case  of  measures  of  length  in  the  machine  shop  a  new 
element  enters.  We  do  not  make  a  given  piece  of  a  machine  to 
a  precise  size,  because  we  fear  the  customer  will  get  more  iron 
or  steel  than  he  pays  for,  or  for  fear  he  will  complain  if  we  do 
not  give  him  all  he  pays  for.  We  make  it  to  precise  size  in  order 
that  all  similar  pieces  may  be  alike.  The  feature  of  interchange- 
ability,  which  is  a  necessity  of  economical  manufacture,  compels 
these  measures  to  be  made  with  a  degree  of  precision  to  which 
there  is  no  parallel  in  commerce  elsewhere.  A  thousandth  of  an 
inch  of  error  represents  a  very  common  degree  of  accuracy,  and 
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no  work  wliicli  docs  not  como  witliin  n.  quarter  of  a  thousandtli 
can  be  called  precise.  A  tenth  of  a  thousandth  is  sometimes  seen, 
while  standard  gauges  are  guaranteed  to  be  correct  within  a 
fiftieth  of  a  thousandth  of  an  inch. 

It  is  tlius  clear  that,  commercially  speaking,  measures  of 
length  are  in  a  class  by  themselves,  for  not  only  is  such  pre- 
cision unknown  elsewhere  in  commerce,  but  such  results  involve 
a  degree  of  refinement  and  cost  in  measuring  instruments  which 
also  are  unknown  elsewhere.  Moreover,  unlike  the  scales  and 
measures  of  capacity,  instruments  for  measuring  length  are  not 
so  nearly  universal,  but  must  be  made  in  variety  and  in  numbers 
of  which  the  public-at-large  has  no  conception. 

91.  This  phase  of  the  subject  has,  however,  a  far  wider  applica- 
tion than  to  the  machine  shop.  This  is  the  mechanical  age.  With- 
out machinery  is  nothing  made  that  is  made.  The  machine 
building  industry  is  the  foundation  industry  of  modern  life. 
Were  Tubal  Cain  to  return  to  earth  to-day,  he  would  be  a  ma- 
chinist, and  not  a  blacksmith.  The  textile  arts,  the  lumber  in- 
dustry, pottery  and  glassw^are  making,  mining,  metallurgy,  the 
making  of  our  books  and  papers,  and  even  agriculture,  are  to-day 
carried  on  by  the  aid  of  products  of  the  machine  shop.  The 
same  is  true  of  transportation.  The  railroad  is  but  the  child  of 
that  magnificent  machine,  the  locomotive.  It  could  not  be  built 
wnthout  the  contractor's  plant  of  machinery,  nor  could  its  rails  be 
made  but  for  the  rolling-mill,  which  was  made  in  a  machine 
shop.  The  steamship,  whether  commercial  or  naval,  is  but  an 
aggregation  of  machinery  and  mechanical  products,  while  the 
implements  of  war  have  been  revolutionized  again  and  again  by 

'the  machine  shop.  Our  homes  and  their  furnishings,  our  cloth- 
ing, our  fuel,  the  very  food  we  eat,  tell  the  same  story,  w^hile 
the  w^ater  we  drink,  and  the  gas  or  electricity  which  turns  night 
into  day,  come  to  us  through  the  water  w^orks,  the  gas  works, 
and  the  electric  generating  station.  About  the  only  necessity  or 
luxury  of  life  w^hich  does  not  come  to  us  through  the  aid  of 
machinery  is  the  air  we  breathe.  That  is  the  one  raw  material 
of  nature  which  does  not  need  the  magic  touch  of  machinery  to 
fit  it  for  the  use  of  man. 

92.  The  meaning  of  all  this,  and  the  point  to  which  I  am  lead- 
ing up,  are  very  simple  and  very  plain — namely,  that  to  cripple  the 
machine  shop  is  to  cripple  every  other  industry  under  the  sun, 
and  to  defend  the  machine  shop,  directly,  is  to  defend,  indi- 
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rectly,  every  iiulustrv  by  whicli  the  American  people  thrive,  and 
])n)sper,  aiul  earn  their  daily  bread.  It  is  to  defend  evcm  those 
industries  whose  re[)resentatives  <^o  to  Washin<^t(>n  and  declare 
that  they  want  this  thin^;  for  I  want  to  say  that  when  these 
men  go  there,  and  in  their  mistaken  zeal  seek  to  ci-ucify  the 
En<rlij>h  system  of  weights  and  measures,  they  sim[)ly  know  not 
what  they  do. 

There  are  many  industries  in  Avhich  measurements  play  a  sub- 
ordinate part.  AVe  may  buy  a  shipload  of  grain  by  specifying 
the  number  of  bushels,  or  of  pig-iron,  or  of  coal,  by  naming  the 
number  of  tons.  But  when  we  buy  a  machine  we  buy  measure- 
ments by  the  hundred.  The  Cincinnati  jlilling  Machine  Com- 
pany inform  me  that  one  of  their  medium-sized  milling  machines, 
selling  for  $650,  contains,  including  the  pattern  work,  18,300 
dimensions — that  is,  a  little  over  28  dimensions  for  each  dollar 
of  value.  Of  these,  the  majority  probably  require  to  be  correct 
to  the  thousandth  of  an  inch,  and  manvof  them  to  a  much  hio-her 
degree  of  precision  than  that.  I  think  this  illustration  will  make 
it  plain  w^iy  this  matter  is  of  such  momentous  importance  to  the 
machine  building  industry,  and  w^hy  this  society  should  be  united 
in  this  matter. 

In  this  connection  I  quote  the  follow^ing  paragraph  from  a 
speech  by  Senator  Piatt  of  Connecticut : 

All  liistory  confirms  us  in  the  conclusion  that  it  is  the  development,  by  the 
mechanic  arts,  of  the  industries  of  a  country  which  brings  to  it  greatness  and 
power  and  glory.  No  purely  agricultural,  pastoral  people  ever  achieved  any  high 
standing  among  the  nations  of  the  earth.  It  is  only  when  the  brain  evolves 
and  the  cunning  hand  fashions  labor-sa\'ing  machines  that  a  nation  begins  to 
throb  with  new  energy  and  life  and  expands  ^-ith  a  new  growth. 


Of  the  Incompetence  of  Certain  Testimony. 

93.  Much  of  the  testimony  offered  at  AVashington  has  no 
significance  w^hatever.  The  mere  ''It's  a  good  thing,  push 
it  along,"  of  some  commercial  man,  even  of  the  most 
exalted  station,  should  have  no  weight,  for  he  can  have 
no  knowle<lge  of  constructive  measurements.  Xor  should 
the  testimon}'  of  scientific  enthusiasts,  who  are  captivated 
by  the  nicety  of  the  thing.  Tins  is  in  no  sense  an  aca- 
demic question.     The  industrial  use  of  measurements  is   in   the 


404  THE   METRIC    SYSTEM. 

]iuiking  of  things,  and  hence  this  is  a  factory  question, 
and  not  a  hiboratory  or  a  study  question  at  all.  There  is, 
however,  one  class  of  testimony  which  deserves  fuller  notice 
— that  of  many  engineers  and  engineering  societies  who  endorse 
this  hill.  It  may  well  be  asked  why  the  views  of  these  engineers 
are  not  entitled  to  as  much  respect  as  our  own.  These  men  are 
chiefly  civil  engineers,  and  their  societies  are  chiefly  civil  engi- 
neering societies.  Except  for  the  Franklin  Institute — wliose 
mechanical  section  is  but  one  of  many — no  mechanical  engineer- 
ing society  has,  I  believe,  endorsed  this  measure.  It  may  still 
be  asked  why  civil  engineers  are  not  entitled  to  their  views  as 
.well  as  w^e.  Theij  are,  regarding  their  own  tmits,  hut  not  regard- 
ing ours.  Civil  engineers  deal  with  constructive  measurements, 
but  a  characteristic  of  their  work  is  that  each  piece  of  it,  be  it 
bridge,  canal,  or  dam,  is  complete  in  itself ,  designed  and  built  for 
its  place  and  Avork,  and  in  its  measurements  has  little  to  connect 
it  wath  the  past  or  future.  There  are,  however,  two  classes  of 
measurements  which  are  especially  w^ithin  the  province  of  the 
civil  engineer — land  and  angular  measurements,  of  which  the 
former  are  expressly  exempted  from  the  operation  of  this  bill. 
Angular  measurements  are  also  w^ithin  the  special  provisions  of 
the  American  and  Canadian  astronomers,  the  superintendent  of 
the  coast  survey,  and  the  American  astronomical  instrument 
maker,  who  testified  before  the  House  committee  in  favor  of  the 
bill.  These  gentlemen  are  distinguished  men.  No  one  honors 
their  achievements  more  highly  than  I,  but  that  does  not  change 
the  facts  about  their  testimony. 

94.  Our  angular  measurements  are  as  illogical  as  any.  It  is 
just  as  illogical  to  divide  the  quadrant  into  90  degrees,  and  each 
degree  into  60  minutes,  as  to  divide  the  pound  into  16  ounces,  or 
the  foot  into  12  inches.  An  integral  part  of  the  metric  system 
in  its  entirety  is  a  new  system  of  angular  measurements,  in 
which  the  quadrant  is  divided  into  100  degrees,  and  each  degree 
into  100  minutes. 

95.  We  hear  no  call  from  civil  engineers  for  a  new  set  of  units 
of  land  measure.  Why  ?  Because  in  land  measure  it  is  too  plain 
to  be  overlooked  that  "  measures  of  length  are  tied  irrevocably  to 
the  past  "  ;  hence  civil  engineers  will  not  have  such  measures 
changed.  We  hear  no  call  from  civil  engineering  or  astronomi- 
cal circles  for  a  new  system  of  angular  units.  Why  ?  Because, 
were  the  change  made,  not  an  old  observation  or  record  could 


f 


Tin;  Mi:ri;i('  systkm.  4<ir) 

ho  road  in  the  now  units,  nor  a  new  observation  in  the  old  units.* 
Pleasures  of  an<^'los,  like  those  of  ion<^th,  aio  "tied  irrevocably 
to  the  past,"  and  Ihmr'o  tlioso  men  will  not  (^von  consider  a 
chanoe  in  anovular  units.  Their  motives  are  not  to  be  impugned; 
they  see  their  own  side  of  the  shield,  and  do  not  see  ours; 
but,  nevertheless,  until  these  gentlemen  are  i)repared  to  accept 
a  change  in  their  own  special  units,  il^ey  are  estopped  from  vrg- 
ing  a  change  in  oars.  What  a  spectacle  for  gods  and  men  is  a 
civil  engineer,  urging  a  new  set  of  units  wliicli  do  not  include 
those  for  land  and  angular  measurements  ! 

[H^.  llow  much  knowledge  does  the  average  commercial  or 
scientific  man  have  of  such  cpiestions  as  the  value  of  a  screw-thread 
standard,  or  the  difficulty  of  changing  such  a  standard  ?  If 
he  has  no  knowledge  of  such  things,  his  opinion  on  this  sub- 
ject has  no  value. 

This  brushing  aside  of  the  testimony  of  commercial  men,  of 
scientific  men,  and  of  civil  engineers,  may  appear  somewhat  sum- 
mary, but  I  believe  the  logic  with  which  it  is  done  to  be  without 
a  flaw. 

It  cannot  be  too  much  emphasized,  that  to  learn  anything  of 
moment  about  industrial  measurements  one  must  go  to  places 
where  such  measurements  are  made,  chief  of  which  is  the  machine 
shop. 

Moreover,  as  I  have  tried  to  show,  this  programme  involves 
heavy  cost  and  sacrifice  to  manufacturino-  intei^ests.  What  riirht 
have  those  who  have  no  pecuniary  interests,  I  state,  to  force  this 
thing  upon  others  who  must  pay  the  cost '? 

I  can  imagine  no  more  appropriate  close  for  this  paper  than 
another  reference  to  Mr.  Stratton's  testimony.  Said  he  (page 
153) : 

Let  us  take  for  example  the  most  serious  objection  of  all,  which  is  that  we 
have  learned  to  think  in  the  old  system  of  weights  and  measures. 

Does  Mr.  Stratton  seriously  consider  that  the  persistence  of 
the  ells  in  Continental  Europe,  and  of  the  vara  in  South  America, 


*  The  words  of  the  text  apply  without  the  change  of  a  sjdlable  to  every  record, 
observation  and  datum  recorded  in  Enghsh  engineering  Hterature.  Of  the  vast 
mass  of  recorded  experimental  and  working  data  on  which  the  practice  of  engin- 
eering rests  there  is  not  an  item  that  can  be  read  in  metres  and  kilogrammes, 
nor  of  new  observations  in  metres  and  kilogrammes  will  there  be  an  item  that 
can  be  compared  with  the  old,  except  after  translation. 
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can  be  explained  at  this  late  day  by  saying  that  the  peo|)le  "  have 
learned  to  think  in  the  old  system  "  ?  Can  he  see  nothing  but 
this  in  the  use  of  the  carat  for  weighing  jewels  by  people  who 
])resumably,  use  the  gram  for  everything  else  ?  Is  it  not  plain  to 
him  by  this  time  that  the  objection  which  to  him  appears  to  be 
the  "most  serious  of  all,"  is,  in  reality,  dwarfed  by  the  fact  that 
"  measures  of  length  are  tied  irrevocably  to  the  past?  " 

DISCUSSION.* 
Extracts  from  Letters. 

From  Charles  E.  Adams,  President,  Massachusetts  State  Board 
of  Trade,  Lowell,  Mass. : 

"I  have  read  Mr.  Halsey's  very  able  and  interesting  paper,  and  appreciate 
many  of  the  difficulties  suggested  in  making  such  a  radical  change  where  so  many 
interests  are  using,  and  must  continue  to  use  for  some  time,  the  weights  and 
measures  in  custom  throughout  the  United  States  and  Great  Britain. 

*'  A  careful  reader  of  consular  news  from  all  parts  of  the  world  to  the  American 
and  English  governments,  cannot  fail  to  be  impressed  with  the  fact  that  both 

*  The  paper  of  Mr.  Halsey  was  distributed  in  advance  of  the  meeting  to  a  large 
number  of  persons  not  members  of  the  Society,  who,  by  reason  of  their  posi- 
tion or  experience,  were  felt  to  be  in  a  situation  to  present  considerations  of  weight 
in  its  discussion.  Among  these  were  persons  interested  in  the  manufacture  of 
machine  tools  as  builders  or  exporters,  or  both.  The  volume  of  these  letters  was 
so  great  that  the  Publication  Committee  have  not  felt  justified  in  publishing  them 
in  their  entiret}^,  even  when  contributed  by  members  of  the  Society.  The  origi- 
nals are  on  file  at  the  rooms  of  the  Society  for  any  who  may  be  interested  in  con- 
sulting them  as  sources  of  information  at  first  hand.  A  sample  of  such  letters  is 
given  below,  and  a  list  appended  of  others  which  were  of  practically  the  same 
tenor.  Brief  extracts  from  other  letters  are  put  at  the  head  of  the  discussion  as 
contributed  in  writing  and  orally,  in  the  ordinary  forms  of  such  contributed 
matter. 

A  paper  prepared  by  Mr.  Edward  P.  Bates,  with  great  care,  has  also  been 
omitted  from  the  discussion  which  treated  in  considerable  fulness  of  the  con- 
nection between  the  standard  units  of  the  English  system  and  an  existing  natural 
origin  for  such  units.  The  paper  was  carefully  digested  to  present  in  compact 
form  the  argument  advanced  in  "A  Miracle  in  Stone"  by  Joseph  A.  Seiss,  D.D. 
14th  Edition,  Philadelphia,  Pa.,  pages  58  to  G5  and  245  to  247.  Those  interested 
in  pursuing  this  branch  of  the  subject  further  are  referred  to  the  original  sources. 

The  sample  letter  from  builders  and  exporters  of  machine  tools  is  as  follows : 

"Less  than  one  per  cent."  of  our  total  sales  in  France  and  Germany  call  for 
metric  lead-screws,  and  no  other  parts  are  required  to  conform  to  the  metric  meas- 
urements. 

"  It  is  very  difficult  for  us  to  estimate  the  cost  of  machinery  to  the  Government, 
should  they  demand  that  it  be  made  according  to  the  metric  system.     It  would, 
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nations  are  suffering  a  great  loss  financially  by  ignoring  the  metric  system  when 
placing  manulaetured  products  in  foreign  markets. 

"The  practical  business  man  recognizes  the  many  obstacles  to  overcome,  not 

lu)we\er,  be  impracticable  for  us  to  supply  machines  built  to  these  specifications 
and  at  the  same  time  produce  a  general  line  of  goods  built  on  the  English  basis. 

''The  cost  of  changing  from  the  English  standard  to  the  metric  system,  tiirough- 
out  our  shop,  would  undoubtedly  involve  a  loss  in  excess  of  our  profits  for  a  num- 
ber of  years  to  come.  We  have,  by  putting  forth  every  effort,  succeeded  in 
introducing  in  all  departments  of  our  works  full  sets  of  standard  gauges.  Our 
ilrawings,  tools,  fixtures,  etc.,  are  all  based  on  the  English  units.  We  consider 
that  it  would  be  a  very  serious  detriment  to  our  business  to  be  obliged  to  change; 
and  would  anticipate  great  difficulty  in  educating  our  workmen  to  the  new  stand- 
ard. Signed, 

"E.    P.    BULLAUD, 

"President  Bullard  Machine  Tool  Company." 

Letters  were  received  from  other  members  as  follows : 

Lewis  Searing  of  the  Denver  Engineering  Works, 

Fred  L.  Eberhardt  of  Gould  &  Eberhardt, 

Walter  Laidlaw  of  the  Laidlaw-Dunn-Gordon  Company, 

Harry  ^L  Lane  of  the  Lane  &  Bodley  Company, 

William  Lodge  of  the  Lodge  Sz  Shipley  Machine  Tool  Company, 

Fred  A.  Geier  of  Cincinnati  Milling  Machine  Company, 

Samuel  L.  Moyer  of  the  Lunkenheimer  Company. 

Letters  of  similar  purport  were  also  received  from  the  follo^^ing  firms: 
American  Tool  Works  Company, 
Baldwin  Locomotive  Works, 
Cincinnati  Machine  Tool  Company, 
Cincinnati  Shaper  Company, 
I.  ct  E.  Greenwald  Compan}-. 
Cincinnati  Planer  Company, 
Deats  Machine  Tool  Company,' 
Northern  Engineering  Works, 
Greaves  Klusman  &  Co., 
Cincinnati  Punch  &  Shear  Company, 
Bradford  Machine  Tool  Company. 
Fosdick  Machine  Tool  Company, 
J.  H.  Day  Company, 
Aurora  Tool  Works, 
Sabastian  Lathe  Company, 
Schumacher  &  Boye, 
Belmar  Machine  Tool  Company, 
John  Steptoe  Company. 

Letters  were  received  in  endorsement  of  the  metric  system  from  the  follo^v-ing: 
Godfrey  L.  Cabot,  Boston,  Mass. 

E.  W.  Lyttle  of  the  College  Department  University  State  of  New  York. 
Rufus  P.  Williams,  Pres.  Xew  England  Association  of  Chemistry  Teachers. 
Elihu  Thomson  of  the  General  Electric  Company. 
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only  in  moclianical  onpinooring  and  industrial  instruction,  yet  it  is  believed  that 
sufficient  time  will  elapse  between  the  enactment  and  enforcement  of  the  pro- 
posed law  to  prevent  any  hardship  to  the  people. 

"The  reform  seems  radical,  but  1  believe  that  the  adaptability  of  our  American 
manufacturers  to  new  methods  however  difficult,  if  decnned  profitable,  will  be  met 
and  result  in  largely  increasing  our  trade  in  foreign  markets,  now  held  by  indus- 
trial nations  who  use  the  metric  system."  * 

From  Eugene  W.  Lyttle,  M.A.,  Ph.D.,  Ttegeiit's  Office,  Albany, 
:N.  Y. : 

"  Mr.  Halsey's  paper  is  certainly  the  ablest  and  strongest  presentation  against 
the  adoption  of  the  S3'stem  that  I  have  ever  seen,  and  since  reading  it,  1  recognize 
as  never  before,  that  'linear  measures  are  tied  to  the  past.'  Still  I  cannot  agree 
that  they  are  'irrevocably'  tied.  The  cubit  was  once  largely  used  in  the  civilized 
w^orld,  but  we  are  not  now  tied  to  the  cubit.  That  the  change  would  be  gradual, 
that  it  would  cause  uncertainties  and  confusion,  no  sane  man  can  doubt.  Indeed 
in  many  remote  districts,  people  still  reckon  money  in  shillings  and  pence,  but 
that  fact  is  no  argument  against  the  use  of  our  decimal  system  of  coinage. 

"  As  a  teacher,  representing  the  interests  of  children,  I  am  specially  anxious  for 
the  adoption  of  a  simpler  sA'stem  of  weights  and  measures  that  will  relieve  the 
memory  of  a  burden  arbitrary  and  useless  and  therefore  intolerable. 

"  If  it  should  be  deemed  best  to  retain  the  foot  and  the  inch,  why  should  we  not 
adopt  the  litre  and  the  gramme?  "  ]- 

From  Mr.  C.  A.  Bates,  Head  of  Assessment  Division,  Treasury 
Department,  Washington,  D.  C. : 

"  I  have  read  Mr.  Halsey's  paper  and  have  been  greatly  impressed  by  the  strong 
common  sense  displayed  therein, especially  in  the  matter  of  the  increased  labor  of 
calculation  by  the  metric  system  as  compared  with  that  required  under  the  pres- 
ent system,  which,  although  designated  '  binarj'-,'  is  not  inconsistent  with  the  use 
of  decimals,  as  is  the  case  with  our  monetary  system,  in  which  we  have  silver  half 
dimes,  quarter  dollars  and  half  dollars,  and  gold  quarter  eagles  and  half  eagles. 

"  Attention  is  called  to  the  relatiA'ely  large  number  of  figures  needed  to  express 
taxable  quantities  in  litres  as  compared  with  that  required  in  stating  those  quan- 
tities in  gallons  and  tenths  of  gallons  as  set  forth  in  my  tabular  statement  on  page 
70  of  testimony  before  the  Committee  on  Coinage,  Weights  and  Measures,  last 
February. 

"I  note  that  Mr.  Halse}^,  in  paragraph  8  of  his  paper,  cites  'Mr.  Bates'  as 
of  the  opinion  that  '  a  year  or  two '  is  all  the  time  needed  to  make  the  change 
to  the  metric  system,  and  refers  to  page  92  of  said  testimony  for  his  authority. 

"  I  would  say  that  I  am  not  the  '  Mr.  Bates '  referred  to  on  page  92 ;  also  that 

*  Foot-note  hy  the  Author . — Refer  to  the  discussion  of  the  use  of  the  system  in 
commercial  literature  and  correspondence,  paragraph  80.  It  is  to  such  use 
only  that  the  cited  consular  reports  apply. 

t  Foot-note  hy  the  Author. — Many  of  our  units  are  obsolete,  or  practically  so, 
and  our  teachers,  by  including  them  and  exercises  on  them  in  school  text-books, 
create  for  themselves  the  very  burden  from  which  they  clamor  for  relief. 
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iiiy  views  ill  this  matter  of  tiino  as  well  iis  other  important  matters,  will  he  foiiiMJ 
on  pages  04,  iW)  and  70,  of  said  ti'stimony.  My  testimony  on  page  (>4,  is  to  the 
etTeet,  tiiat  il"  the  metric  system  is  adopted  b}'  Congress,  it  should  be  made  on  an 
eight  year's  notice. 

"To  illustrate  the  facility  with  which  the  binary  system  of  gallons,  half  gallons, 
quarts,  pints  and  gills,  as  ajiplied  to  the  li(|uid,  distilled  spirts,  the  tax  on  which 
is  the  {)rincipal  source  of  the  internal  re\enue  of  this  country,  blends  with  tli<' 
decimal  system,  the  Commissioner  of  Int<"rnal  Revenue,  with  whose  views  this 
letter  accords,  will  mail  to  you  a  copy  of  the  V.  S.  Internal  Revenue  dangers' 
Manual  consisting  largely  of  tables  in  which  the  binary  and  decimal  systems  are 
happily  blended." 

From  ^Ir.  C  II.  Tittniaiiii,  Fiiitod  States  ('oast  and  Geodetic 
Survey,  Wasliiiigtoii,  1).  ('.: 

"  Mr.  Halsey  mentions  my  name  in  his  paper  and  implies  that  my  statement 
in  regard  to  John  Quincy  Adams'  attitude  is  incorrect. 

"  Mr.  Adams  was  simply  referred  to  by  me  because  while  he  opposed  the  adop- 
tion of  the  metric  system,  as  every  one  knows,  at  the  time  when  his  report  was 
written,  he  nevertheless  used  language  in  regard  to  it  which  I  think  justified  my 
statement  that  he  considered  it  an  ideal  one.  Listen  to  this  whicli  is  cjuoted  from 
him:  '  If  man  upon  eartli  be  an  improvable  being,  if  that  universal  peace  which 
was  the  object  of  the  Saviour's  mission,  which  is  the  desire  of  the  philosopher,  the 
longing  of  the  pliilanthropist,  the  trembling  of  hope  of  the  Christian,  is  a  blessing 
to  which  the  futurity  of  mortal  man  has  a  claim  of  more  than  mortal  promise;  if 
the  Spirit  of  Evil  is,  before  the  final  consummation  of  things,  to  be  cast  down  from 
his  dominion  over  men,  and  bound  in  the  chains  of  a  thousand  years,  the  fore- 
taste here  of  man's  eternal  felicity;  then  this  system  of  common  insti-uments  to 
accomplish  all  the  changes  of  social  and  friendly  commerce  will  furnish  the  links 
of  sympathy  between  the  inhabitants  of  the  most  distant  regions;  the  metre  will 
surround  the  world  in  use  as  well  as  in  multiplied  extension ;  and  one  language  of 
weights  and  measures  will  be  spoken  from  the  equator  to  the  poles.'  "  * 


DISCUSSIONS    CONTEIBUTED    IX    MANUSCRIPT. 

31  r.  Gus  C.  Ilenning. — On  rising  to  discuss  the  paper  before 
us,  I  desire  to  preface  mv  remarks  with  the  statement  that  to  me 
personally  it  makes  no  difference,  whether  the  metric  system  is 

*  Foot-note  by  the  Author. — Mr.  Tittman  has  unearthed  another  of  the  few 
inconsistent  expressions  of  approval  to  be  found  in  Mr.  Adams'  report,  and 
to  which  I  referred  in  paragraph  6.  Read  my  last  quotation  from  Mr. 
Adams,  in  which  he  condemns  the  metre,  the  kilogramme  and  the  litre  in  succes- 
sion. By  no  stretch  of  the  imagitiation  can  Mr.  Adams'  report,  taken  as  a  whole,  be 
looked  upon  as  an  indorsement  of  the  system.  The  two  sentences  which  im- 
mediately pi'ecede  those  quoted  b}^  Mr.  Tittmann  read  as  follows  ;  ''  It  has 
undergone  various  improvements  and  modifications.  It  must  undoubtedly 
still  submit  to  others  before  it  can  look  for  universal  adoption." 
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adoptod  in  tins  coiintry,  as  tlie  legal  standard  or  not.  All  I  can 
say  is,  that  when  I  desire  to  do  my  work  of  calculation  and  design- 
ing, Avitli  rapidity,  1  frequently  use  the  metric  system  by  pref- 
erence, hut  when  I  i)ut  my  work  into  the  shop  the  drawings  are 
figured  in  inches,  and  fractions  thereof,  because  this  is  the  measure 
in  coiiiiiion  use  in  this  country. 

In  paragraph  33  the  author  chooses  to  quote  a  statement  made  by 
myself  four  years  ago,  page  600,  vol.  xviii..  Transactions,  which 
he  tries  to  make  out  incorrect.  AVhen  making  the  statement  I  did 
not  say  that  ta])S,  dies,  drills,  etc.,  made  to  the  English  or  United 
States  standard  were  not  used  on  the  Continent^  as  I  took  for 
granted  that  it  was  a  well-known  fact  that  all  these  tools  were 
bought  in  the  United  States  and  England  in  large  quantities,  but 
what  I  meant  is  that  they  are  never  measured  by  workmen  by  the 
English  standard;  they  are  always  used  according  to  the  marks 
thereon  by  Avhich  they  are  indicated  on  the  drawings.  It  is  not  a 
fact  that  the  English  standard  is  used  in  shops  on  the  Continent 
as  it  is  used  in  England  and  the  United  States  for  purposes  of  meas- 
urement, and  that  is  all  we  are  talking  about.  Let  me  ask,  does 
anybody  in  this  country  pull  out  his  scale  or  micrometer  to  measure 
the  dimensions  of  taps,  dies  and.drills  before  he  uses  them  ? 

I  must  repeat  that  in  none  of  the  many  shops  I  had  the  occasion 
to  visit  on  the  Continent,  did  I  ever  see  or  know  to  be  on  hand 
(except  in  a  tool  room)  any  English  standards,  and  in  the  French 
shops  I  never  saAV  anything  but  the  metric  standards.  Let  me 
explain,  however,  how  the  matter  works  in  countries  which  fre- 
quently use  both  the  inch  and  metric  standards,  merely  because 
Great  Britian  and  the  United  States  still  use  the  inch  standard. 
Recently  I  sent  my  drawings  figured  in  inches  to  Continental  manu- 
facturers, who  executed  the  work,  delivered  at  my  office  in  Xew 
York,  duty  paid,  at  just  one-quarter  the  price  and  in  one-half  the 
time  at  Avhich  two  American  manufacturers  had  offered  to  furnish 
it.  Reasoning  from  these  facts  in  the  manner  the  author  has  as- 
sumed throughout  his  paper,  I  am  prepared  to  conclude  "  that  the 
use  of  the  double  standard  increases  the  cost  of  the  work  very 
materially  and  also  causes  great  delay;  and  also  that  even  the 
Krupp  Works  are  not  using  the  metric  system,  but  are  actually 
using  English  measures  as  their  standards.  Therefore  the  metric 
system  is  of  little  value  as  it  is  not  in  universal  use  in  Germany, 
for  it  is  not  in  general  use  in  the  largest  of  German  steel  works." 
Q.E.D.,  and  as  a  proof  of  the  difficulty  of  using  two  standards 
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in  niiv  work,  T  will  (jiiolc  the  aullior,  |);n':iiii';i|tli  (IT),  hy  saying, 
"  This  illusti-atiou  is  eoiit('iii]>til)l('  in  its  littleness." 

Not  one  of  the  statomont.s  in  tin's  j)a[)er  sli(>w  thai  I  lie  reporters 
(|note(l  had  seen  any  lMii;lish  standai'ds  used  for  ]Mir])osos  of  moas- 
nrenuMits  in  shops  or  by  tradesmen;  and  even  Air.  II(.>s  mei'(dy 
-ays,  paraiii'apli  '2\K  that  "  We  have  oceasionally  fonnd  thai  men  in 
our  sho])s  have  made  use  of  their  ])rivato  lihenish  foot  rules." 

Well,  wo  know  that  all  cranks  are  not  dead  yet.  And  while 
^Ir.  Hess  admits  that  he  knows  nothino;  about  custom  in  France, 
he  cheerfully  volunteers  his  belief  "  That  similar  conditions  exist 
there,  thoui>'h  not  to  as  great  an  extent."  Think  of  the  great  value 
of  this  testimony  to  strengthen  the  author's  argument. 

In  reference  to  the  remarks  on  the  '^  Persistence  of  old  units  in 
Spanish  America,"  I  shall  quote  the  statements  of  an  American 
engineer  who  has  lived  and  worked  in  several  Spanish  American 
countries  for  a  period  of  ten  years : 

In  answer  to  your  inquiries  concerning  my  experience  with  the  use  of  the  metric 
system  of  weights  and  measures  in  the  various  countries  of  South  America  with 
which  I  am  familiar,  1  take  pleasure  in  stating  the  following: 

From  early  in  1886  for  about  4^  years,  I  was  employed  as  first  assistant  in  the 
Argentine  Meteorological  and  Magnetic  Observatory  where,  of  course,  we  used 
only  the  metric  system.  In  our  work,  we  employed  many  sub-computors  and 
observers  of  moderate  attainments,  and  I  found  that  they  readil}^  understood  and 
worked  efficiently  and  rapidly  with  the  metric  system.  In  my  opinion,  the  abso- 
lute accuracy  required  in  our  work  could  hardly  have  been  obtained  by  any 
other  system  with  the  help  we  had. 

Apart  from  the  Government  and  purely  scientific  work,  I  had  abundant  oppor- 
tunity and  occasion  to  know  of  the  Civil  Engineering  practice  of  the  country,  and 
in  this  as  well  I  found  that  the  metric  system  was  used  to  the  exclusion  of  all 
others,  not  only  in  the  field,  but  in  the  office  and  draughting  room.  "With  the 
metric  system,  engineers  of  all  nationalities,  met  upon  common  ground  and 
worked  together  in  perfect  harmony  of  understanding.  Our  old  chain  with  its 
links  and  tenths  was  replaced  by  the  steel  tape  with  its  metres  and  centimetres 
and  the  unit  by  the  kilometre,  although  in  cross-pampa  travelling  on  horseback 
the  campesino,  or  countryman,  still  reckoned  distances  by  the  day's  journey 
(Jornada),  hour  or  league,  each  of  variable  length  and  used  simply  on  account  of 
the  familiarity  of  the  terms. 

Linear  measurements,  I  may  sa}-,  were  made  generally  metrical  even  at  that 
day  when  the  use  of  the  metrical  system  was  a  comparative  novelty.  In  the  cen- 
tres of  population,  usually  coincident  Avith  the  centres  of  commerce,  the  metric 
system  could  be  said  to  hold  sway.  In  the  ordinary  commerical  transactions, 
liquids  were  bought  and  sold  by  the  ''litro,"  and  dry  articles  by  the  kilogramme 
or  "kilo,"  while  the  "metro"  was  in  common  use,  though  the  variable  "vara" 
was  not  entirely  excluded.  In  the  sale  of  goods  over  the  counter  by  retail,  the 
*'  vara"  out  of  respect  for  its  age  as  a  term,  may  have  been  used  extensively,  but  at 
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the  same  lime,  floods  wore  vnliiod  by  the  metre,  and  th(^  "vara"  sold  or  bought 
nuviiit  only  so  much  ol  the  metre  used  as  the  standard,  just  as  an  "arroba"  of 
corn  or  {)ota(oes  meant  a  eertain  number  of  kilos  weighed  out  by  a  metric  weight, 
so  that  no  matter  what  term  was  used,  the  metric  s^'stem  determined  the  quan- 
tity. An  "arroba"  in  this  case  always  means  12  kilos.  In  land  measurements 
the  "cuadra,"  or  square,  was  formerl}'^  used.  This  term,  like  the  "vara"  had  a 
variable  meaning  dependent  upon  locality,  so  that  in  ord(;r  to  prevent  confusion 
the  metric  "cuadra"  or  square  of  100  metres  side  was  used  throughout  the  repub- 
lics, and  gave  exactness  to  the  meaning  of  an  old  term. 

Leaving  the  Argentine  Republic,  1  went  to  Boli\ia  where  I  found  practically 
the  same  state  of  affairs.  However,  owing  to  the  larger  proportion  of  the  Indian 
and  other  illiterate  population  of  this  country,  the  old  terminology  as  well  as  the 
use  of  the  old  system  of  wcnghts  and  measures  in  ordinary  trade  was  more  appar- 
ent. Among  these  people  it  is  no  uncommon  sight  to  see  commodities  weighed 
out  in  a  home-made  balance  with  stones,  nails,  etc.,  used  for  the  weights,  simply 
for  the  want  of  something  better.  I  feel  confident  that  even  the  ignorant  Indian 
would  gladly  adopt  the  metric  system  could  he  only  gain  access  to  it  upon  equal 
terms  with  his  inexact  system,  which  circumstances  force  him  to  use. 

In  Peru  and  Chile,  I  was  closely  connected  with  railway  work,  mining  and 
chemical  analysis,  for  more  than  six  years.  I  can  testify  to  the  fact  that  the 
metric  system  was  used  in  assaying,  and  other  laboratory  work,  and  in  most  de- 
partments of  railway  work.  In  the  shops  of  the  railways  with  which  I  was  con- 
nected for  a  time,  it  is  true,  the  English  system  of  measurements  was  used,  be- 
cause nearly  all  of  the  engineers  and  mechanics,  and  machinery  were  of  American 
or  English  origin,  and  the  shop  practice  was  imported  with  them.  Outside  of  this 
department,  however,  we  used  the  metric  system  almost  exclusively. 

In  the  ordinary  transactions  of  life,  I  may  safely  say  that  the  metric  S3'stem  was 
the  one  in  common  use^  in  spite  of  the  preponderance  of  the  old  terms  in  ordinary 
language.  Yours  very  truly, 

(Signed)  R.  C.  Alexander. 

N.  Y.,  December  2,  1902. 

The  foregoing  will  again  show  the  humorous  use  by  the  author 
of  statements  quoted  in  the  paper,  and  that  thev  are  painted  wdth 
all  the  colors  of  the  rainbow.  The  deponents  and  the  author  all 
fail  to  see  that  the  use  of  current  terms  really  refers  to  metric 
weights  and  measures,  and  that  the  opinions  are  based  on  bias. 
They  should  be  accepted  with  many  grains  of  salt,  indeed  with 
crystals  of  rock  salt^  and  then  only  after  much  reflection  and  com- 
plete verification. 

In  paragraph  40  is  another  instance  of  the  use  of  old  measures  of 
length  in  Peru  and  Venezuela,  where  according  to  the  testimony 
of  ]\Iessrs.  Iglehart  and  Dolge,  the  yard  tack  upon  the  ribbon 
counters  are  still  in  use.  These  gentlemen  do  not  liowever  tell  you 
that  the  ribbons  are  sold  by  the  metre  and  charged  for  at  that  rate, 
while  at  the  same  time  they  were  measured  by  the  yard.  Don't 
you  see  that  this  method  of  procedure  produces  an  extra  ten  per 
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('('lit.  profit  to  the  iKihcnlaslicr  ^  .Mosrs.  l«il('liaiM  :in<l  Doliic  failed 
(o  sro  t\w  real  Imiiior  of  tliis  ])riicticnl  joke  o'-  jirofitahlc  Vankoo 
trii'k,  and  the  aullior  can  onlv  liiid  in  their  stateiii'-nls  the  essence 
of  truth,  ])i'ofoiiiid  knowledi^'e  and  iiitelliii'ence  I 

^'ou  see  Mr.  Iiilehai't  niei'elv  (piotes  tVoni  iiieiiiory  ;  see  |)ara- 
iira])h  ')'.>,  fortified  hy  oin*  Pei'inian  ( 'onsiil-(  leneral  who  ha<l  j)r<)l)- 
ahly  not  yet  discovered  (hiring  his  short  ])erio(l  of  service  tlie  com- 
mon application  of  old  S])anish  names  to  tlie  nn^tric  measnres.  As 
to  the  use  of  the  metric  system  in  ^lexicij,  1  know  that  the  Com- 
pania  ^Ietallnri»ica  Mexicana  nses  the  metric  system  entindy,  and 
all  materials  ])nrchas(»d  in  the  Tnitod  States  mnst  be  invoiced  and 
mark(Hl  and  inventoricnl  on  the  metric  system. 

The  fact  that  rag-car])et  weavers  and  seamstresses  in  this  country 
measure  yards  by  the  distance  from  the  tips  of  their  noses  to  the 
])alms  of  their  hands;  or  that  tradesmen  measure  bushels  of  farm 
])roducts  by  any  old  basket;  or  that  grocers  and  butchers  weigh 
their  goods  by  any  ])iece  of  iron  with  numerous  holes  therein,  is 
not  proof  that  the  English  system  of  weights  and  measures  is  not 
the  standard  in  common  use  in  this  country. 

Just  such  facts  as  given  in  the  foregoing  form  the  foundation 
of  the  author's  arguments,  and  while  no  one  will  deny  that  old 
weights  and  measures  remain  in  use  in  countries  even  long  after 
they  liaA^e  been  declared  illegal,  the  fact  of  their  use  for  unim- 
portant purposes  should  not  be  used  as  a  valid  argument  that  other 
standards  are  not  those  in  actual  general  use. 

In  paragraph  30,  Mr.  J.  H.  Linnard,  Xaval  Constructor,  U.S.X., 
is  quoted  as  saying :  '^  that  two  yards,  one  of  considerable  impor- 
tance at  Flensburg,  and  one  at  Hamburg,  still  use  the  English  sys- 
tem of  measurement  for  their  ships'  work."  Xeither  Mr.  linnard 
nor  ^[r.  Halsey,  however,  gives  reasons  why  the  English  standards 
are  there  used  by  preference,  the  latter  however  using  this  as  an- 
other proof  that  the  metric  system  has  not  been  very  generally  in- 
troduced in  Germany,  and  that  it  in  fact  meets  with  strong  oppo- 
sition there. 

The  reason  why  these  shipyards  use  the  English  measures  is 
this :  they  use  English  shapes  and  ship  fittings  almost  exclusively, 
and  to  a  large  extent  are  copying  English  designs.  The  reason 
why  they  use  English  shapes  and  ship-fittings  almost  exclusively 
is  that  they  can  buy  them  cheaper  and  obtain  them  more  promptly 
in  Eno^land  than  in  Germanv,  because  there  are  verv  many  manu- 
facturers  of  these  articles  in  England,  all  competing;  while  in  Ger- 
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many  tlierc  arc  but  very  few,  most  of  wliom  deliver  tlieir  entire 
])r()(luct  to  government  and  other  ship-yards.  Under  these  cir- 
cu instances  it  is  plain  that  the  English  standards  are  more  conven- 
ient to  the  two  shipyards  mentioned. 

'J'he  author  states,  pragraph  71,  that  Mr.  Linnard  ^'  learned  his 
])rofession  in  France/'  but  fails  to  state  that  previous  to  that  time 
he  had  studied  and  used  the  United  States  standard  during  at  least 
twenty-three  years,  and  was  in  France  but  five  years.  I  am  sure 
that  Mr.  Linnard  never  tried  to  really  use  the  metric  system  or 
become  expert  in  it,  because  he  knew  that  in  a  very  short  time  he 
would  again  return  to  the  United  States,  and  then  again  and  ever 
after  use  nothing  but  the  United  States  standard  inch  scale.  If  Mr. 
Linnard's  testimony  be  compared  with  the  arguments  given  in 
Balfour  Stewart's  "Elementary  Physics,"  it  will  be  found  that  they 
are  almost  identical.  And  this  is  the  eminent  authority  on  whose 
testimony  the  author  bets  his  bottom  dollar ! 

As  long  as  the  metric  system  is  not  introduced  in  England,  just 
so  long  will  the  English  standard  be  used  to  some  extent  in  Ger- 
many and  other  countries,  which  is  no  proof,  in  any  sense  of  the 
word,  that  the  metric  system  is  not  in  general  use  in  them,  as  the 
author  tries  to  make  it  appear. 

In  paragraphs  8  and  12  the  author  presents  a  horrifying  picture 
of  the  continuing  use  of  ells,  pounds  and  yards  in  the  textile  indus- 
tries, alongside  of  the  metric  system.  He  does  not,  however,  ex- 
plain that  this  condition  exists  because  of  the  preponderance  of 
English  machines  and  materials  used  in  this  industry.  As  Ger- 
many draws  a  large  proportion  of  these  supplies  from  England,  it 
is  clear  that  they  will  adhere  to  these  terms  until  England  also 
adopts  the  metric  standards.  Moreover,  a  pamphlet  containing  ex- 
tracts from  the  Textile  World,  just  laid  before  us,  shows  that  among 
forty-five  American  cotton  send  worsted  mills,  twenty-one  are 
strongly  in  favor  of  the  adoption  of  the  metric  system,  eighteen 
are  against  it  and  six  are  non-committal,  while  those  in  favor  of  it 
state  that  they  are  so  in  order  to  get  rid  of  the  existing  confusion. 

The  author,  in  order  to  impress  upon  his  readers  what  terrible 
result  the  introduction  of  the  metric  system  would  have  on  textile 
industries,  chooses  to  translate  "  heillose  Yerwirrung,"  by  "  un- 
godly disorder,"  instead  of  using  the  correct  words,  "  irreparable 
confusion,"  or  its  usual  meaning,  "  great  confusion." 

The  author  does  not  give  a  simple  explanation  of  the  persistent 
use  of  different  standards  of  measuring  still  found  in  local  districts 
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in  Oonnany  niid  Fr;inoo,  wliicli  Ims  foimd  n  ]):ir;ill('l  in  (mr  nntlira- 
cito  coal  lipids. 

Vhv  iiianufaclurcr  who  looks  after  the  conversion  of  measures 
bnvs  and  sells  hv  metric  system,  and  whenever  he  converts  the 
measiii'c  of  tlu^  laborer's  work  into  his  scdling  measures,  the  benefit 
of  the  odd  fraction  or  remnant  does  not  fall  to  the  laborer,  but  to 
the  capitalist. 

In  our  anthracite  fields  the  Pennsylvania  law  makes  it  coni- 
])nlsory  to  weigh  coal  by  United  States  standard  weights,  and 
failure  to  do  so  is  punishable  by  a  fine  of  one  hundred  dollars  per 
day  for  each  and  every  offence.  Nevertheless  for  twenty-seven 
years  the  coal  barons  have  used  the  standard  of  a  mine  car  heaped 
up  with  coal,  without  weighing  the  coal,  and  continue  to  do  so  at 
the  present  time.  The  author  forgot  to  mention  the  use  of  this 
standard  of  weight  in  a  country  which,  as  he  must  admit,  uses  the 
United  States  standards  of  ^veight  universally.  He  wdll,  perhaps, 
also  now  understand  why  the  old  standards  are  still  sometimes 
adhered  to  elsewhere. 

In  paragraph  53  is  given  the  famous  argument  of  the  anti-metric 
fraternity,  bewailing  the  fate  of  the  poor  forlorn  farmer  because  he 
hasn't  any  metric  table-  of  bolt  dimensions  and  table  of  equivalents. 

This  paragraph  should,  when  honestly  put,  reads  as  follows : 
A  farmer  breaks  a  bolt  and  wants  to  replace  it.  What  does  he 
do?  He  takes  the  broken  bolt  and  looks  over  his  stock  to  see 
whether  he  can  match  it  by  appearances.  If  he  can  do  this,  he  tries 
it  in  the  hole  from  which  the  broken  one  was  taken,  -or  tries  the  nut 
on  it ;  if  it  fits,  then  well  and  good.  But,  remember,  farmers  do 
not  carry  foot-rules  in  their  tronsers  pockets,  jeans  or  bootlegs. 

If  the  spare  bolt  does  not  fit,  the  farmer  betakes  himself  to  the 
nearest  supply  store  and  asks  for  a  bolt  "  like  this.''  He  does  not 
care  whether  it  is  f  inch,  J-i  inch,  ^f  inch,  or  anything  else ;  he 
merely  uses  his  old  bolt  as  a  gauge.  The  supply  dealer  may 
recognize  what  it  is  in  diameter  and  thread.  If  he  does  not,  he 
does  not  pull  out  his  thread  gauge  and  calipers,  but  he  again  uses 
the  broken  bolt  and  nut  as  gauges,  and  selects  a  new  bolt  and  nut 
which  will  respectively  fit  into  each  other,  and  ever  thereafter 
both  farmer  and  tradesman  will  be  happy  without  having  asked, 
"  Is  this  a  metric  or  a  United  States  standard  bolt  or  anything 
else  ? 

Xow  let  us  take  up  the  argument  of  the  table  of  metric  equiva- 
lents of  values  of  parts  of  inches,  increasing  by  eighths. 
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'I'liis  is  nt>aiii  an  extra vai>aiit  iiiisrcprcsontation  of  difficulties. 

\i  I  lie  xaliics  of  ^  incli  hclwccii  1  to  '\  inclics  be  oivcu  in  the 
nearest  (piarlers,  or  ^Vo  niillinieti'e,  not  cmv,  of  tlie  fi<jjiires  given 
will  vai'v  from  the  true  value  by  nioi'c  than  xfMid  ^^^  ^^^'  inch,  which 
is  a  matter  too  small  to  observe  by  any  ])erson  except  he  be  pro- 
vided witli  a  micrometer  caliper.    The  table  will  then  read : 
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In  this  shape  the  figures  can  be  memorized  by  an  effort,  and  they 
will  be  accurate  for  practical  purposes.  Let  me  ask  the  same  ques- 
tion as  the  author.  ^^  Is  not  the  point  obvious  at  a  glance  ?  '^  All 
I  can  say  is,  ''  None  so  blind  as  those  who  do  not  want  to  see.'' 

The  sincerity  of  the  arguments  relating  to  change  in  screw 
threads,  by  which  the  author  tries  to  prove  the  terrible  confusion 
which  would  result  thereby,  is  clearly  indicated  by  the  fact  that 
one  of  the  members  of  the  metric  opposition  committee  of  this 
Society  actually  presents  at  this  meeting  a  paper  in  which  a  new 
system  of  screw  threads  is  proposed,  because  the  old  system  has 
been  found  unsatisfactory.  One  of  the  strongest  opponents  of 
the  metric  system  sees  no  objections  to  changing  the  standard 
system  of  screw  threads,  only,  for  Heaven's  sake,  don't  let  it  be 
based  on  the  metric  system  ! 

The  author,  paragraph  47,  gives  a  woeful  picture  of  calamity 
should  pipe  threads  be  changed,  l^ever  again  could  we  fit  one 
gas  tip  to  a  single  chandelier  in  the  whole  country.  What  a  ter- 
rible calamity !  It  would  be  necessary  to  rip  out  every  piece  of 
pipe  in  every  house  in  the  country.    Woe  be  to  us  ! 

jSTow  let  us  look  at  this  in  a  less  humorous  manner.  In  exchang- 
ing a  chandelier,  the  gasfitter  tries  the  short  pipe  at  its  upper  end 
on  the  nipple  3  to  6  inches  long,  and  if  the  thread  does  not  fit,  he 
takes  a  new  nipple  of  same  length  (no,  pardon  me,  75  milli- 
metres length)  and  cuts  on  one  end  a  thread  like  on  the  old  nipple ; 
on  the  other  end  he  uses  the  die  which  fits  the  thread  on  the  chande- 
lier. Let  us  say  this  nipple  costs  ten  cents,  but  the  chandelier 
might  cost  $75.  Don't  you  see  the  great  expense  and  hardship  aris- 
ing to  the  owner  of  the  house.  AVhy,  it  is  plain.  Again,  think 
of  the  trouble  and  expense  of  fitting  a  gas  tip  in  a  similar  manner. 
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Wliy,  tlic  imlioii   would   lu'coinc  one  of  iili!,lit-walkors.      How  tcr- 

'1  lie  jMillioi"  I'iiils  to  icll  us,  however,  lluil  n  2"ii'<'li  l»il><'  inejisures 
().(>L^*5  inch  iuside,  and  O.S40'in(*li  outside  diinensious.  In  fact,  all 
])i|>e  diinensious  must  I)e  ui\'en  in  deeinial  iVaetions  of  inclies  to 
three  ])laees,  IxH'ause  there  is  no  such  tliin^'  made  as  a  ])il>e  ineasur- 
ahle  hy  any  kind  of  a  f(»ot-rule  with  its  heautifiil  syiiiinetrical  and 
di\isil)le  parts. 

In  ])arai>'ra])hs  i'u  to  70  are  ar<iiinionts  to  ])rove  that  it  re(]nires  a 
smaller  number  of  fioures  to  write  and  use  in  ealenhition  of  dimen- 
sions given  in  the  Tnited  States  standard.  For  this  pnrpose  he 
uses  tlie  simplest  figures  on  the  foot-rule,  and  the  largest  in  the 
metric  scale,  lie  starts  Avitli  a  conversion  of  even  dimensions  of 
inches  into  the  decimal  j)arts  of  the  metre.  Xot  once  does  he 
show  the  results  of  conversion  of  ev-en  metrical  divisions  into  inch 
values.  Then  he  uses  the  even  8  feet,  and  also  8^  inclies  in  calcu- 
tions,  converting  them  into  millimetres. 

Let  us  examine  the  foot-rule  divided  into  inches  and  sixteenths, 
and  compare  it  with  a  similar  length  of  the  metric  scale,  which  is 
equal  to  305  millimetres  Avithin  .0008  inch.  This  foot-rule  con- 
tains 192  even  divisions;  the  metric  scale  305.  It  requires  861 
figures  and  lines  to  write  these  192  even  parts  of  the  foot-rule. 
However,  it  requires  hut  831  figures  without  points,  lines  or 
commas  to  write  the  correct  values  of  the  305  divisions  shown  on 
the  metric  scale.  At  this  rate  it  would  require  1,367  figures  and 
lines  to  write  305  divisions  of  the  one-foot  rule. 

Assuming,  however,  that  the  foot-rule  be  divided  into  inches 
and  hundredths  of  inches,  then  it  will  require  in  Avriting  only  303 
of  these  divisions,  no  less  than  1,183  figures  and  decimal  points. 
To  write  all  of  the  1,200  divisions  it  w^ould  require  4,752  figures 
and  decimals ;  while  if  the  305  millimetres  were  given  to  the 
nearest  quarter,  or  making  a  total  of  1,220  divisions,  would  require 
but  about  3,541  figures  and  decimal  points. 

This  will  show  beyond  any  doubt  the  vast  superiority,  conven- 
ience and  economy  of  time  in  the  use  of  the  metric  system. 

As  this  proves  beyond  question  of  a  doubt  that  fewer  numbers 
and  marks  suffice  for  writing  the  exact  divisions  of  a  part  of  the 
metric  scale  equal  to  a  single  foot  of  the  United  States  standard, 
it  is  simply  an  absurd  misrepresentation  to  state  that  fewer  figures 
will  be  used  in  calculation,  using  the  latter  scale. 

The  author  states,  paragraph  67,  that  '"  in  English  units  these  di- 
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inonsions  ('  between  4  and  108  inches  ')  can  often  be  expressed  by 
i\  single  figure."  What  has  tiic  juithor  to  say  about  the  thousands 
of  intermediate  values  in  sixteenths  of  inches  ?  About  these  he  is 
pi'ofoundly  silent. 

In  concluding  I  desire  to  emphasize  that  in  the  foregoing  analysis 
of  the  author's  arguments,  I  have  carefully  refrained  from  advo- 
cating by  a  single  word  the  compulsory  introduction  of  the  metric 
system  into  the  United  States;  all  I  desire  to  put  clearly  before 
the  members  of  the  American  Society  of  Mechanical  Engineers  is 
the  extreme  position  taken  by  the  author. 

Mr.  F.  A.  TIalsey. — Taking  up  Mr.  Henning's  communication,  I 
quote : 

"Taps,  dies,  drills,  etc.,  made  to  the  English  or  United  Standard  .  ".  .  are 
never  measured  by  workmen  by  the  English  standard." 

Mr.  Hess,  who  has  been  in  the  German  Niles  Works  for  three 
years,  tells  me  that  he  has  never  seen  the  dimensions  of  English 
pitch  screws  named  in  Germany  in  any  other  way  than  the  one 
used  by  us. 

Mr.  Henning's  statement  that  ^'  Mr.  Hess  merely  says  that  '  we 
have  occasionally  found  that  men  in  our  shops  have  made  use  of 
their  private  Rhenish  foot-rules  ' ''  can  only  be  interpreted  by 
charitably  assuming  that  Mr.  Henning  has  not  read  paragraph 
29.  !Rote  especially  the  statement  by  Mr.  Hess:  ^^  Nearly  uni- 
versally, the  carpenters  and  other  building  mechanics  use  the 
Rhenish  inch.''  We  are  not  limited  to  the  statement  of  Mr.  Hess 
regarding  the  use  of  old  units  in  France. 

The  letter  from  Mr.  Henning's  correspondent  who  has  lived  in 
South  America  has  the  air  of  sincerity;  but  Mr.  Henning  needs 
evidence  from  more  than  one  source  to  offset  my  cloud  of  witnesses. 
'Note,  however,  that  the  Peruvian  Consul-general  does  not  agree 
with  Mr.  Henning's  correspondent  regarding  common  practice 
in  Peru. 

''  Current  terms  refer  to  metric  weights  and  measures."  The 
use  of  these  units  in  French  and  German  textile  treatises,  the 
letters  of  M.  Benet  of  Paris,  of  Mr.  Ball  of  Barcelona,  of  Mr. 
Canby  of  Mexico,  of  Mr.  Hess  of  Berlin,  of  the  unnamed  American 
engineer  in  Paris,  and  of  the  Collector  of  the  Port  of  ^ew  York, 
make  this  explanation  ridiculous.  That  Mr.  Dolge  could  live  in 
Venezuela  for  four  years  and  not  learn  so  simple  a  fact,  is  absurd. 
My  informants  are  neither  children  nor  fools.     For  what  metric 
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unit,  (loos  tlio  KluMiisli  iiicli  stand?  Noto  also  tlio  cxjx'ricncc  of 
diandlor  and  Tavlor,  paragraph  78,  which  shows  that  lumber  and 
tinduM-  are  uot  sawn  to  metric  dimensions  in  Central  and  South 
America. 

^lessrs.  Tglehart  and  Doli^e  said  nothing  about  the  yard  tacks 
n])on  ribbon  counters.  That  is  my  inference  from  their  testimony. 
"  Mr.  Iglehart  merely  quotes  from  memory."  What  else  is  there 
to  quote  from,  and  from  what  else  does  Mr.  llenning's  corre- 
spondent quote?  ^'Ribbons  are  sold  by  the  metre  and  charged 
for  at  that  rate,  while  at  the  same  time,  they  were  measured  by  the 
yard."  Admit  this  to  be  true,  and  what  does  it  show?  Simply  a 
confusion  of  old  and  new  units,  which  is  made  the  basis  of  a  petty 
and  universal  swindle,  made  possible  by  the  metric  system,  and 
which  ^Ir.  Henning  regards  as  a  practical  joke. 

Mr.  Ilenning's  explanation  of  the  persistence  of  old  units  in 
(jernian  shipyards  and  textile  mills  exhibits  a  curious  reversal  of 
perspective.  Of  course  there  are  reasons — the  object  of  this  paper 
is  to  point  out  some  of  them.  It  does  Mr.  Henning'scase  no  good 
to  point  out  additional  reasons,  but  the  contrary.  It  is  the  fact 
of  the  persistence  that  is  awkward  for  him.  AVliat  connection  is 
there  between  "  the  preponderance  of  English  machines  and  ma- 
terials "  and  the  non-English  ells,  the  aune,  the  lea,  the  denier, 
the  French  inch,  etc.? 

"  I  am  sure  that  Mr.  Linnard  never  tried  to  really  use  the 
metric  system  or  become  expert  in  it."  Of  course  that  settles  it; 
but  is  it  possible  to  be  a  student  in  a  French  institute  of  technology 
for  three  years,  speaking  the  French  language  using.  French  text- 
books, and  doing  all  one's  school  work  in  the  metric  system,  of 
which  the  chief  stock  in  trade  is  its  simplicity  without  "  really 
using  "  the  system  or  "  becoming  expert  "  in  its  use  ?  What  be- 
comes of  the  school  children  argument,  if  three  years  of  this  sort 
of  work  are  not  sufficient?  Have  we  all  to  spend  three  years  learn- 
ing this  thing?  Mr.  Henning's  zeal  for  explanations  exceeds  his 
judgment.  It  is  proper  to  add  that  Mr.  Linnard  is  senior  assistant 
to  Chief  Constructor  Bowles.  Mr.  Henning  will  have  to  accept 
him  as  a  competent  witness,  w^hether  it  pleases  him  to  do  so  or  not. 

I  know  more  about  that  Textile  World  vote  than  does  Mr.  Hen- 
ning. At  no  stage  of  the  voting  were  there  six  non-committal  votes.  The 
count  is  given  in  the  reply  to  Professor  Crosby,  and  includes  some 
votes  that  have  come  in  since  the  pamphlet  to  which  Mr.  Henning 
refers  was  printed.     Adding  together  those  who  voted  against  the 
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system  and  those  who  voted  afijainst  tli(>  ])assagc  of  the  present  bill 
until  a  more  thorough  investigation  has  been  held,  the  vote  stands 
suhdaiitialLy  two  to  one  against  the  hill.  More  significant  still, 
this  vote  was  the  result  of  a  letter  sent  to  over  1,200  textile  mills 
and  textile  men — seventeen  votes  for  the  system  from  1,200  aj)- 
])eals  sent  out  to  an  industry  whose  representativs  go  to  Washing- 
ton and  represent  that  industry  as  demanding  it. 

Mr.  Ilenning's  table  of  equivalents  does  not  look  to  me  to  be  so 
easily  memorized  as  it  seems  to  look  to  him,  and  if  he  will  add  the 
sixteenths,  wdiich  must  be  done,  it  will  look  less  easy  still  to  both  of 
us.  It  has,  however,  the  fatal  defect  of  all  approximate  tables — 
they  are  accurate  enough  for  some  purposes,  but  not  for  others. 
This  table  is  accurate  enough  for  bar  iron,  but  not  for  reamers  and 
many  other  tools.  Reamers  could  not  be  ground  to  his  figures  nor 
could  they  safely  have  the  figures  stamped  upon  them.  For  ac- 
curate work  we  must  have  an  accurate  table.  That  is,  an  approxi- 
mate table  is  only  an  additional  or  supplementary  table  which 
does  not  simplify  matters,  but  on  the  contrary,  makes  them  still 
worse,  and,  moreover,  opens  wide  the  door  for  limitless  mistakes. 

Mr.  Henning  completely  misrepresents  my  illustration,  based  on 
a  supposed  change  in  gas-pipe  threads,  paragraph  47,  which, no- 
where says  or  implies  that  ''  it  would  be  necessary  to  rip  out  every 
piece  of  gas-pipe  in  every  house  in  the  country  ";  but,  on  the  con- 
trary, says  ^'  the  gas-pipes  in  the  ceilings  of  our  homes  would  keep 
the  old  system  alive  for  fifty  years,''  which  distinctly  contemplates 
that  the  pipes  shall  remain.  I  can  only  charitably  assume  that  he 
has  read  this  paragraph  with  his  eyes  shut.  The  supposed  use  of 
transition  fittings  has  been  considered  in  paragraph  47.  ^'  The 
transition  fittings  must  be  made.  .  .  .  The  tools  and  the  equip- 
ments must  be  preserved."  That  is,  we  shall  have  two  standards 
of  threads  and  fittings  and  a  third  set  of  transition  fittings  on  our 
hands  as  long  as  existing  pipes  endure.  Our  existing  fittings  are 
numerous  enough,  but  they  must  not  only  be  duplicated  in  metric 
fittings  but  more  than  duplicated  in  transition  fittings.  It  is  easy 
to  make  light  of  a  transition  nipple,  but  the  proposition  involves 
transition  ells,  tees  and  other  fittings.  For  each  straight  tee  of 
which  Ave  now  have  one,  we  should  require  during  the  transition 
period  the  following  combinations  : 
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For  cjicli  siiiij)l('  rcdiiciiii;'  biisliini;'  we  would  r('<|iiir<'  four  coiii- 
biiKitions  tlius:  Miiiilisli  inside  ;nid  outside;  uictric  iusiclc  nnd  oul- 
-idc;  I'Jiiilish  outside  niid  ineti'ie  inside;  jind  Miiiilish  inside  and 
metrii'  outside.  For  eaeli  jthiin  ell  tlial  we  n(tw  have  we  sliould 
n(<  (1  lliree  and  for  each  reducing'  (dl,  four.  If  the  reader  will  u^o 
to  a  ])ii)e-titting  faetorv  or  store,  note  the  nuniher  of  fittinf»-s  noces- 
sarv  to  niak(^  an  assortment  and  reflect  that  during'  this  transition 
jHM'iod  this  nunibei-  will  he  niulti])lie(l  hy  not  less  than  three  and 
prohably  by  foui",  he  will  reeo<»nize  what  Mv.  IIennin«;'s  ])layful 
snii'costion  gTows  into.  I  have  often  said,  and  I  believe  it  to  1)0 
true,  that  all  the  advantages  of  the  metric  system  cond)ined  wouhl 
not  recom])ense  ns  for  the  confusion  of  changing  onr  standard  of 
jupes  and  pi])e  threads  alone. 

The  fact  that  actual  ])i])e  sizes  are  other  than  the  nominal  sizes 
is  a  favorite  citation  of  the  metric  advocates  but  it  has  no  apjdica- 
tion  whatever.  T/te  trouhle  lies  in  changing  an  estahJished  sfand- 
ard.  Entirely  apart  from  the  discussion  of  this  subject,  a  friend 
once  remarked,  '"  Our  pi])e  and  i)ii)e-tliread  standard  is,  'per  se, 
about  as  bad  as  it  could  be,  but,  esiablished  as  it  is,  the  man  who 
would  attemj)t  to  change  it  deserves  to  l)e  hung." 

The  discussion  of  the  number  of  figures  recpiired  by  the  two 
systems  may  be  continued  forever.  Mr.  Henning's  count  is  un- 
fair because  it  assumes  that  all  dimensions  are  used  with  the  same 
frequency,  whereas,  in  reality,  we  avoid  fractions  and  use  round 
sizes  wdierever  possible.  Relatively  speaking,  few^  fractions  are 
used  for  dimensions  above  12  inches  and  above  18  inches  they 
practically  disappear.  In  small  dimensions,  sixteenths  are  used 
much  less  than  eighths,  thereby  saving  a  figure.  This  basing  of 
'^  proof  ''  on  things  which  ^ye  are  supposed  to  do,  but  Avhich  in  point 
of  fact  we  do  not  do,  is  thoroughly  characteristic  of  the  metric  case. 
T/ie  use  of  round  dimensions  does  not  reduce  the  numher  of  figures 
with  the  metric  as  it  does  with  the  English  system.  It  requires  as 
many  figures  in  machine-shop  practice  to  write  an  even  metre 
(1,000)  as  it  does  one  metre  plus  one  millimetre  (1,001). 

Mr.  Henning's  assumption  that  his  little  count  has  proven 
^'  beyond  any  doubt  the  vast  superiority,  convenience  and  economy 
of  time  in  the  use  of  the  metric  svstem  "  is  reallv  amusing. 

Finally,  what  reasons  has  Mr.  Ilenning  given  to  show  why  we 
should  adopt  the  metric  system  ?  Except  for  the  count  of  figures 
just  discussed,  none.  What  has  he  said  to  prove  that  the  adoption 
of  the  system  does  not  involve  the  destruction  of  all  mechanical 
standards?  Nothing. 
31 
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Mr.  Geo.  IF.  Colics. — ^^  Cliildron  cry  for  the  metric  system!'^ 
Such  is  the  burdon  of  the  tircscjiuo  refrain  which  is  now  being 
shouted  through  the  hind  with  renewed  vigor,  and  by  whom? 
Not — so  they  t(dl  us — by  a  little  coterie  of  propagandists,  but  by 
a  chorus  of  commercial  men,  manufacturers,  college  professors 
and  engineers  both  singly  and  in  groups,  by  resolutions  of  clubs 
and  societies.  With  such  an  apparent  array  of  forces  against  us — 
not  to  mention  the  whole  of  Europe — ought  we,  the  mere  handful 
of  us  wdio  think  differently,  not  to  feel  very  small  indeed  and 
utterly  quenched  by  so  great  a  body  of  authority  ? 

It  has,  however,  been  wisely  observed  that  Vox  populi  vox  Dei 
is  a  dictum  not  to  be  trusted  in  science.  But  to  call  the  -present 
agitation  a  popular  demand  for  the  metric  system  w^ould  be  ridic- 
ulous, for  all  the  evidence  thus  far  presented  bears  the  unmistak- 
able earmarks  of  ^'  testimonials  "  of  a  private  nostrum — a  miscel- 
laneous assortment  of  endorsements  collected  here  and  there,  by 
hook  or  by  crook,  and  the  majority  of  which  are,  as  Mr.  Halsey 
pithily  remarks,  mere  offhand  opinions  of  the  ''  It's  a  good  thing, 
push  it  along  "  order,  which,  as  against  reason,  logic  and  common 
sense,  are  of  no  weight  whatever. 

The  queerest  and  most  inexplicable  part  of  this  performance  is, 
however,  that  so  many  are  found  to  endorse  the  metric  system, 
and  so  few  to  use  it.  If  they  want  it,  why  don't  they  use  it  ?  Why, 
for  instance,  doesn't  Mr.  Westinghouse  employ  it  exclusively  in  his 
numerous  manufacturing  industries — especially  for  electrical  ap- 
paratus, to  v\^hich  it  should  be  peculiarly  adapted  ?  Why  don't  the 
civil  engineers  get  together  and  resolve  to  use  it  in  their  profes- 
sional work,  their  drawings,  specifications  and  estimates  ?  This 
at  least  Avould  make  a  good  beginning,  would  show  by  the  force  of 
example  what  could  be  done.  The  answer  is,  as  Mr.  Halsey  gives 
ic,  '^  Because  they  cannot;  because  measures  of  length,  etc."  They 
have  tried  it  and  failed.  (See  Tra^isactions,  vol.  xviii.,  page  576.) 
In  not  one  single  case  have  they  succeeded.  So,  having  failed  in 
their  own  efforts  to  introduce  the  metric  system,  they  seek  the  aid 
of  compulsory  laws  to  force  it  on  those  who  do  not  want  it. 

It  is  deserving  of  note  in  this  connection  that  while  innumerable 
other  standards  of  measurement,  whether  by  gradual  spread,  or 
by  definite  agreements  of  manufacturers,  have  reached  and  are 
reaching  a  state  of  general  acceptance  and  universality  in  this 
country  in  not  one  single  instance  has  the  metric  system  or  any 
of  its  units  become  the  accepted  standard  for  anything,  either  in 
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tliis  or  any  otlier  country  diirinii'  tlie  110  years  of  Its  existence, 
save  l)V  f^overnniental  coercion,  and  then  only  ])artially  and 
tlironiili  acts  of  tryanny  wliicli  arc  not  and  urvrr  iriU  />r,  1  thank 
hea\'(Mi,  a  thinkalilc  possibility  in  this  free  country  (d'  ours. 

Jt  is  naturally  a  satisfaction  to  nic  ])crsonally  to  note  that  at 
k'ast  (Uie  ])(M*son  has  come  indej)endently  to  precisely  the  conclusion 
express(Ml  by  me  in  my  ])a|)er  of  six  years  ago.  The  conclusion  I 
particularly  refer  to  is  {Transactions^  vol.  xviii.,  page  5ST): 

"  18.  That  .  .  ,  adoption  has  been  merely  nominal  in 
most  or  in  all  cases,  except  France ;  that  even  there  the  old  names 
and  the  old  values  are  still  in  daily  u.-c,  and  that  the  Govermnent 
finds  itself  powerless  to  contend  with  them." 

The  discussion  of  my  paper  brought  out  a  strong  dissent  to  this 
conclusion,  to  which  I  replied  by  citing  further  examples  (Discus- 
sion, ])ages,  607-609),  concluding  with  the  following  sentence : 

"  If  any  one  would  take  time  to  look  into  the  matter  for  the 
purpose  of  overthrowing  the  partisan  evidence  of  the  metricists, 
I  haven't  a  particle  of  doubt  a  mass  could  be  collected  which  would 
turn  theirs  to  ridicule. 

I  think  it  was  Darwin  who  remarked  that  false  observations  are 
always  more  persistent  and  harder  to  overthrow  than  false  theories, 
a  saying  of  which  this  case  is  an  excellent  illustration.  The  state- 
ment that  the  nations  of  Europe  are  absolutely  and  exclusively 
metrical  has  been  so  repeatedly  and  forcibly  made  by  its  par- 
tisans, that  even  the  more  skeptical  among  us  have  come  to 
treat  this  as  a  well-established  fact.  But  nothing  could  be  more 
illusory. 

For  a  vindication  of  the  sentence  above  quoted,  I  need  now  only 
refer  to  this  paper.  I  am  glad  to  see  some  one  besides  myself  has 
undertaken  to  collect  evidence  on  this  question.  But  while  I  think 
the  author's  evidence  does  plainly  turn  the  mere  negative  state- 
ments of  the  metricists  to  ridicule,  let  it  be  remarked  that  even  this 
evidence  is  of  but  a  very  fragamentary  nature  (I  don't  suppose  he 
claims  it  to  be  anything  else),  and  does  not  pretend  to  tell  the 
whole  truth.*  As  regards  myself,  I  may  say  that  it  was  only  after 
I  had  written  my  paper,  above  cited,  that  the  evidence  referred  to 

*  Mr.  CoUes  is  exactly  right.  My  inquiry  is  such  an  one  as  it  is  possible  to  co^i- 
duct  by  correspondence  during  spare  moments,  and  ^^^th  the  Atlantic  Ocean  be- 
tween the  inquirer  and  the  thing  inquired  into.  If  such  an  inquiry  will  develop 
such  facts  as  these,  what  may  be  expected  of  an  investigation  made  upon  the 
ground  bj'  one  who  should  look,  seeking  to  find  instead  of  seeking  not  to  find? 
F.  A.  H. 
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bogjiii  really  lo  ])il('  ii|>  and  accumulate  in  such  masses  that  I  was 
ol)li^i>ecl  to  abandon  the  task  of  conii)ilin<>-  it  for  lack  of  time. 

Such  evidence  as  is  here  collected  is  open  to  any  one  having  a 
knowlcnlge  of  foreign  langnages  and  access  to  foreign  books  and 
(especially)  periodicals,  so  that  he  who  runs  may  read.     Nobody, 
for  instance,  can  pick  u])  a  South  American  journal  and  examine 
tlie  market  reports  without  noticing  that  the  vara,  fanega  and 
arroba  are  as  commonly  and  universally  used  to  measure  commodi- 
ties in  those  countries  as  the  foot,  bushel  and  pound  are  with  us. 
The   fact   that   metres   and   kilogrammes    also   show    themselves 
counts  for  nothing — at  least  nothing  in  their  favor.     It  merely 
shows    that    confusion    has    been    either    introduced    or    worse 
confounded  by  them.     As  for  Germany — aside  from  books  and 
papers,  I  have  frequently  seen  such  terms  as  "  zoll ''  (inch)  and 
^'  pfund  '^   (pound)   even  in  jpatent  s]i)ecifications,  issued  by  the 
Imperial  Patent   Office — the   strictest   in  the   world,   and  which 
regularly  rec^uires  unused  and  unusual  terms  to  be  eliminated. 
(These  facts  are  well  within  my  personal  knowledge  and  observa- 
tion.)   If  such  terms,  which  are  forhidden  hy  law  to  he  used^    even 
by  the  common  people,  are  not  simply  not  frowned  on,  but  actually 
passed  hy  without  comment  in  government  doGU7nents,  it  surely 
requires  no  Kantian  deductive  powers  to  conclude  that  they  are 
terms  in  common  use  in  Germany  to-day,  notwithstanding  all  the 
legislative  thunders  that  have  been  launched  against  them,  from 
1868  to  1903.     And  if  the  names,  then  why  not  the  things?    I 
pause  for  a  reply. 

Now  read  the  testimony  of  Mr.  Henning  {Transactions,  vol. 
xviii.,  page  602) : 

While  the  author  has  carefully  rehearsed  all  attempts  to  introduce  the  metric 
s)^stem  in  Great  Britain,  the  United  States  and  France,  he  totally  ignores  the 
successful,  rapid  and  peaceful  change  made  in  Germany,  where  it  has  taken  only 
one  generation  to  almost  produce  oblivion  of  all  previous  systems,  in  spite  of  his 
assertion  that  the  English  inch  is  still  the  only  standard.  Of  course,  when  ex- 
plaining to  English-speaking  persons  what  19  millimetres  (sic)  means,  he  will 
always — remembering  their  unfamiliarity  with  the  metric  system — say  about  one 
inch;"  but  they  never  use  such  measure,  nor  can  one  be  found.  As  to  the  common 
people,  who  from  childhood  hear  nothing  but  metres  and  kilos,  they  use  no  others, 
in  spite  of  the  author's  statements  to  the  contrar}^,  as  I  have  learned  through 
personal  experience. "     [Italics  mine.] 

Some  of  the  facts  brought  out  by  Mr.  Halsey — such  as  that  in 
Venezuela  the  metre  is  practically  unknown — are  news  to  me,  I 
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must  confc^ss,  nnd  uo  a  step  i'nrllicr  tlinii  1  wdiild  liavc  (lai'c<l  In 
|)]"(Mlicl.  Note  also  (|)nraur:i])li  oN)  tliat  Mexico  is  still  wallowiii;^-  in 
the  sl()iii»h  (»f  "  AniciMcaii  incasurciiicnts,"'  and  conijjarc  with  Mr. 
I'^airbanks'  tostinidiiy  (vol.  xxiii.,  i)ai;o  5J)(I,  18i)(j) : 

"  riu'  lads  ol"  the  inaltcr  ari'  tliat  iluriiifj;  llu-  last  year,  the  l{<'j)ul)lic  of  Mexico 
luii<  acloptctl  the  nu>tric  system  and  enforced  it.  .  ,  .  As  soon  as  the  |)e()|)le  saw 
that  th(^  matter  was  iroin^  to  be  cnlorc(>d,  tliev  took  it  uj).  It  was  carried  out  !)>• 
tlie  f]i;o\-ernment,  and  then*  is  at  present  no  state  in  Mexico  where  the  j)eoi)le  an- 
not  doing  their  l)usiness  hy  the  metric  system  and  employing  it  lor  all  their  trans- 
actions. Ml/  rentai'ks  arc  based  on  personal  observation  within  the  last  two  months." 
(Italics  mine.) 

^'  Eppiir  si  muove!^^  It  is  evident  that  tlie  Mexican  railways 
are  run  only  for  the  benefit  of  "'  gringos."  ^ 

The  author's  suggestive  ])icture  of  the  civil  engineers  demanding 
oonipulsorv  use  of  the  metric  system  for  everything  but  land 
measurements,  and  the  mechanical  engineers  for  everything  but 
-crew  threads,  is  paralleled  by  4lie  laws  of  some  "  metric  "  coun- 
tries, e.g.,  Senegand)ia,  where  its  use  is  obligatory  fo-r  everything 
except  fruits.  Loin-cloths  might  also  have  been  advantageously 
excepted. 

There  is  one  point  with  relation  to  the  legislative  aspect  in  this 
country  to  which  the  author  does  not  give  the  prominence  he 
should.  I  refer  to  the  position  taken  by  our  Congressional  Com- 
mittee on  Coinage,  Weights  and  Measures.  This  committee,  in- 
stead of  being,  as  it  should,  an  impartial  body  of  judges  sitting  to 
consider  fairly  all  measures  submitted  to  it  and  adopting  the  most 
practicable  ones,  has  been  consistently  a  seat  of  the  metric  propa- 
ganda from  the  beginning  till  now.  The  last  bulletin  published 
is  only  one  of  many,  all  of  the  same  sort.  The  fact  that  the  testi- 
mony is  all  one-sided  may  be  taken  as  indicating  simply  that  some 
sort  of  ''Pride's  Purge"  has  been  administered  to  keep  out  the  testi- 
mony on  the  other  side — for  to  })retend  that  none  exists  is  absurd. 
It  has  been  simply  ignored,  that  is  all,  and  the  arguments  against 
the  metric  system,  the  report  of  John  Quincy  Adams,  and  the 
published  confutations  of  partisan  allegations  simply  smiled  out  of 
existence.  (See,  for  instance,  the  pretended  canvass  of  government 
officials  in  1896,  which  embraced  only  eleven  replies  (8  favorable) 
as  against  23  replies  (6  favorable)  in  1877.  Under  these  circum- 
stances, it  would  be  improper  to  conclude  from  the  Committee's 
circular  that  the  majority  of  those  concerned  really  favor  the 
measure.    We  have  not  yet  heard  the  other  side. 
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Tliore  is  one  statcniont  made  in  the  paper  to  Avliich  I  must 
take  exce])tion.  In  the  foot-note  on  page  4,  the  reports  of  Adams 
and  Prof.  JJavies  are  linkcMl  together  in  one  breath  as  representing 
^'  the  only  American  investigations  of  this  subject  Avorthy  of  the 
name  which  liave  ever  been  made."  It  may  doubtless  be  admitted 
that  subsequent — examinations  of  these  questions  such  as  those  of 
Dr.  Harnai'd,  the  Franklin  Institute,  J.  K.  Upton,  J.  W.  Nystroni, 
the  Jioston  Society  of  Civil  Engineers,  etc.,  arc  not  worthy  to  be 
called  investigations;  but  the  apotheosis  of  Professor  Davies  in 
this  manner  as  the  equal  of  Adams  quite  takes  the  breath  away, 
and  is  unavoidably  reminiscent  of  the  nursery  rhyme,  "  Said  the 
flea  to  the  elepjiant  who  are  you  sliovin'."  The  report  of  Adams 
took  four  years  of  thoroughgoing  and  devoted  attention  and  labor 
such  as  has  never  before  or  since  been  given  the  subject,  and 
occupied,  with  the  appendix,  nearly  250  octavo  pages.  The  report 
of  Professor  Davies  consists  of  a  reprint  of  Adams'  report. 
Sir  John  Jlerschel's  lecture,  and^ about  28  16mo  pages  of  intro- 
ductory matter,  largely  a  '^  me  too  "  of  Adams,  to  whose  report, 
says  Davies,  "  nothing  can  be  added  " — at  any  rate,  it  is  certain 
he  added  little  to  it.  The  greatest  merit  of  this  report  was  that  it 
made  Adams'  report  accessible  to  the  public.^  Mr.  Halsey  com- 
j)letely  omits  mention  of  the  numerous  British  reports  and  writings 
on  the  subject  which,  with  this  one  exception  (Adams),  are  of  far 
greater  importance  and  merit  than  ours. 

Another  point  to  which  sufficient  emphasis  is  not  given  either 
by  the  author  of  this  or  of  any  other  j^aper  is  the  question  of  deci- 
mal divisions.  It  is  a  curious  fact  that  almost  every  new  metro- 
logical  scheme  that  has  ever  been  put  forward  has  embodied  deci- 
mal relations  of  its  units,  and  has  based  its  claims  to  superiority 
chiefly  on  that  fact.  The  point  I  wish  to  make,  and  on  which  I 
take  m}^  firm  and  emphatic  stand  is,  that  the  decimal  divisions  are 
positivel}^  the  worst  feature,  nay  the  absolute  damnation  of  the 
metric  s^^stem  ;  and  that,  in  fine,  7io  system  founded  on  decimalism 
can  ever  ohtain  voluntary  and  general  acceptance  in  any  country. 
The  reason  for  this  is  simple  enough,  though  it  has  been  entirely 
overlooked  by  writers  on  both  sides  of  the  question.  It  is  simply 
that  the  primary  use  of  weights  and  measures  is  for  measuring j 

*  As  both  the  original  and  Davies  reprint  of  Adams'  report  are  now  out  of 
print,  it  is  up  to  the  Committee  on  Coinage,  Weights  and  Measures  to  reproduce 
it.  By  doing  so  they  would  perform  a  far  greater  service  to  the  public  than  by 
their  endless  pages  of  "  testimony." 
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and  ((ihuJiilioH  is  only  secondiirv.  Xow  for  wcigliinu:  mid  iiicasur- 
Iiiii*  it  i>  ncci'ssary  that  llic  iiiiils  sIkmiM  he  di\isal)I«'  into  nil  the 
-iniplc  aliquot  jtarls,  2,  .'{  and  4 — l)Ut  especially  l\  and  a  division 
into  /ire  is  ]>i*aelical>ly  unusaMe.  This  reason  is  ihei-efore  hased 
ratiiei*  on  ahstrael  i^cneral  principles  than  on  the  Ininian  constitu- 
tion, and  cannot  he  considered  to  he  any  different  in  one  country 
from  another.  How  strani^e,  then,  that  all  system-mongers  should 
>e(dv  hy  decimals  only  to  make  their  system  look  simple  on  pajxT, 
and  entircdy  forget  the  fact  that  not  a  single  unit  of  their  own 
daily  use  is  so  divided  ! 

Does  it  ever  really  occur  to  anyLody  that  if  tenths  and  hun- 
dredths of  an  inch  were  more  convenient  for  general  use  than 
eighths  and  sixty-fourths,  they  would  be  in  general  use,  instead  of 
being  restricted  to  the  sjiecial  uses  where  they  are  more  convenient  ^ 

But  for  the  decimal  divisions,  the  metric  system  would  perliai)S 
have  a  fair  chance  of  ultimate  success.  With  the  decimal  divisions, 
the  metric  system  must  and  will  become  extinct,  notwithstanding 
all  the  laws  of  all  the  governments  in  the  world^  .as  all  other 
decimal  systems  have  done  before  it.  The  laws  of  nature  are 
mightier.     Let  us  not  forget  that. 

I  am  glad  to  see  that  I  have  now  at  least  one  adherent  of  the  posi- 
tion taken  by  me  in  1S9G — that  it  is  impossible  to  supplant  our 
present  weights  and  measures  either  by  the  metric  or  any  similar 
system.  You  may  ''  adopt  "  it  and  "  adopt  "  it  as  often  and  as 
vehemently  as  you  like,  but  the  thing  cannot  be  done.     !N^ot 

"  Although  the  crowded  orb  should  cry 
Like  those  who  cried  Diana  great." 

That  is  the  Alpha  and  Omega  of  the  whole  question. 

And  finally,  in  all  this  pow-wow  among  scientists,  engineers, 
learned  societies,  chambers  of  commerce,  manufacturers,  ''  prac- 
tical "  and  unpractical  men — where,  finally,  do  the  people  appear  ? 
The  people?  Ah  !  we  had  forgotten.  Ask  the  man  on  the  street, 
for  instance,  whether  he  is  in  favor  of  the  metric  system?  Go 
and  ask  farmers,  housewives,  laborers,  clerks,  business  men  the 
same  question.  Instead  of  answering  for  them,  let  me  conclude 
with  a  parable — parables  are  often  useful — drawn  from  real  life. 
A  certain  regimental  officer  (the  rank  is  no  matter)  of  the  Blue- 
grass  State,  the  story  relates,  had  a  prize  game-cock  which  had 
proved  victorious  over  all  antagonists,  and  whose  owner  Avent 
about,  like  Alexander,  vociferously  seeking  new  animals  to  con- 
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(liKT.  A  p^rizzlcd  coniitryinMii  oiTcrcd  to  Inv  liiiii  a  wa^i2;('r  tliat  liis 
cock  was  a  ^' no  account"  animal,  and  could  not  even  flfi,'lit  a 
bnzziU'd.  TIk^  wa^'cr  was  accci)tcd,  and  the  two  animals  set  face 
to  face  in  the  arena,  being-  tied  toi^'ether  by  a  cord  attached  to  a 
leg  of  each  to  ensure  a  fight  to  a  finish.  The  unpolished  rustic, 
however,  not  ])recisely  com])rcliending  liis  cue,  ogled  his  would-be 
adversary  for  a  moment  or  two,  and  then  giving  him  a  melancholy 
wink,  simjdy  spread  his  wings  and  flew  away — dangling  Monsieur 
Chanticleer  behind  him. 

The  bearing  of  this  parable  lies  in  the  ai)plication  of  it. 

Dr.  Henry  S.  Pritchett.'^' — Mr.  Ilalsey's  article  upon  the  metric 
system  recalls  to  me  a  rei)ly  Avliich  Thackeray  upon  one  occasion 
is  said  to  have  made  to  Carlyle.  It  seems  that  a  company  of 
literary  men,  amongst  whom  were  Carlyle  and  Thackeray,  in  the 
course  of  after-dinner  conversation,  had  fallen  upon  a  discussion 
of  the  merits  of  1'itian.  One  man  spoke  of  his  remarkable  ability 
to  draAv,  and  remarked  that  this  was  an  interesting  fact  about 
Titian.  Another  spoke  of  his  sense  of  color,  and  that,  said  he,  is 
another  fact  about  Titian.  At  this  point  Carlyle,  who  was  much 
bored  by  the  conversation,  broke  in — '^  And  here  sit  I,"  said  he, 
"  Thomas  Carlyle,  a  man  made  in  the  image  of  God  who  neither 
knows  anything  about  Titian  nor  cares  anything  about  Titian,  and 
that,"  added  he,  "  is  another  fact  about  Titian."  "  Excuse  me," 
said  Thackeray,  "  that  is  not  a  fact  about  Titian,  that  is  a  fact, 
and  a  very  much  to  be  regretted  fact,  about  Thomas  Carlyle." 
]^ow  the  statements  which  Mr.  Halsey  makes  as  to  the  survival  of 
old  standards  of  weight  and  length  in  various  countries  have  sisrni- 
ficance,  not  in  showing  the  fitness  or  unfitness  of  the  metric  system; 
but,  as  showing  the  strength  of  conservatism,  even  amongst  an 
intelligent  2:)eople. 

Mr.  Halsey's  arguments  may  be  grouped  under  two  statements : 

(1.)  The  metric  system,  even  in  the  countries  where  it  has  been 
officially  adopted,  has  not  wholly  displaced  old  standards  in  certain 
industries. 

(2.)  The  old  standards,  and  particularly  the  standards  of 
length,  arc  so  interwoven  with  the  past  that  they  can  be  replaced, 
if  at  all,  only  after  long  lapses  of  time. 

With  regard  to  the  first  of  these  arguments,  it  may  be  said  that 
the  reasons  for  the  retention  of  old  standards,  as  in  the  textile 

*  President  of  Massachusetts  Institute  of  Technology.     By  invitation. 
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iinluslvi(>s,  for  oxnin]")lo,  were  bcvdiid  the  ('((nirol  (»1"  niiy  one  ('(nin- 
trv.  Such  industries  would  unturiilly  Ik*  iIimsc  in  which  con- 
scrviitisui  \\(iuld  loiiiic  si  unit  the  n(h>j)ti<tu  of  a  wni-M  system. 
l^N'cu  un(h'r  these  circuni'-lances  the  stateiiieiits  of  Mr.  llalsoy 
seeui  to  uie  (|uite  out  <d*  perspectiv'c,  and  t(»  !)<•  hrou^iit  f<u'\vard 
to  prove  a  theory  rather  th;in  to  prc^sent  the  facts.  'Idius,  in  re- 
fi'rrinii'  to  the  ])ractise  in  ^Mexico,  Mr.  Ilalsey  (piotes  the  testi- 
mony of  an  Anru'ican  su])eriuteu(U'nt  of  motive  ])o\ver  to  prove 
that  the  JOnglish  stanchirds  of  weight  and  length  are  used  in 
^Mexico.  It  is  (litHcult  to  take  this  sort  of  argument  seriously, 
since  the  ^lexican  railroads  running  from  the  United  States  into 
Mexico  are  ])ractically  American  roads,  and  their  ecpiipment  is 
received  from  the  United  States.  That  they  should  use  our  stand- 
ards is  as  natural,  even  as  necessary,  as  it  would  be  to  use  those 
measures  for  railroad  equiinnent  in  the  United  States.  If  ^Fr. 
Ilalsey  Avill  go  outside  the  mechanical  department  of  these  Ameri- 
can roads  he  will  find  it  impossible  to  do  business,  except  in  the 
metric  system ;  and  if  the  United  States  should  adoi)t  the  metric 
system  there  would  be  no  longer  such  survivals  in  Mexico.  In 
other  words,  while  in  certain  very  limited  industries  the  adoption 
of  the  metric  system  has  been  slow,  these  delays  have  in  nearly 
all  cases  been  dependent  on  international  rather  tlian  national  con- 
ditions, and  in  the  aggregate  are  insignificant. 

The  second,  argument  of  Mr.  Ilalsey,  in  which  he  objects  to 
the  metric  system  because  there  is  something  fundamental  and 
sacred  in  the  standards  of  the  past,  particularly  in  the  standards 
of  length,  is  itself  an  interesting  evidence  that  human  conservatism 
can  outlive,  in  particular  instances,  any  scientific  evidence.  The 
evidence  which  Mr.  Ilalsey  presents  in  favor  of  this  theory  is 
absolutely  valueless.  It  is  delightful  to  read  Mr.  Ilalsey'.s 
warning,  '^  that  measures  of  length  are  tied,  irrevocably  to  the 
past."  This  statement  seems  to  me  reactionary,  and  one  based 
upon  a  wrong  view  of  human  history.  Measures  of  length  are 
arbitrary  units,  adopted  for  one  reason  and  another  by  various 
peoples.  When  a  people  has  become  accustomed  to  one  unit  the 
change  to  another,  even  to  a  better  or  more  couA^enient  one,  in- 
volves a  certain  amount  of  trouble  which  the  ordinary  citizen  dis- 
likes to  take.  The  argument  for  the  preservation  of  old  and  in- 
convenient standards  rests  on  no  other  basis  than  this  inertia  of  the 
general  mass  of  mankind.  In  every  movement  which  looks  toward 
a  simplification  of  the  world's  work  some  local  tradition  needs  to  be 
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surroiulcrod;  and  sncli  snrrondor  always  calls  out  the  protest  of 
the  ultra-consorv^ativc  iiiiiid.  Tlio  reader  who  is  willing  to  study 
this  characteristic  of  the  Iminan  mind  will  find  a  very  interesting 
])arallel  to  Mr.  Ilalsey's  arguments  in  the  discussion  which  went 
on  for  years  over  the  adoption  of  a  nniform  day  instead  of  a  solar 
day,  for  the  calendar  year  instead  of  the  equinoctial  year,  and  for 
standard  meridians  instead  of  local  time.  All  of  these  changes 
involved  the  surrender  of  old  and  time-honored  standards — stand- 
ards wdiich  to  many  minds  possessed  the  sanctity  of  divine  appoint- 
ment. Mr.  Ilalsey's  quotations  of  facts  seem  to  me  far  from 
trustworthy,  so  far  as  I  am  able  to  test  them  from  my  own  knowl- 
edge, but  they  are  not  half  so  interesting  as  the  spectacle  of  a  man 
who  comes  forward,  as  the  representative  of  the  twentieth  century 
engineer,  to  maintain  the  thesis  that  the  standards  of  length  are 
irrevocably  bound  to  the  jiast,  and  that,  therefore,  the  engineers 
must  stay  with  them,  also,  I  suppose,  irrevocably  bound  to  the  past. 

But,  if  I  may  speak  more  seriously,  and  I  confess  it  is  a  little 
difficult  to  speak  with  entire  seriousness  concerning  a  paper  like 
that  under  discussion,  I  beg  to  ask  the  attention  of  the  engineers 
of  this  Society  to  the  real  questions  to  which,  as  it  seems  to  me, 
an  engineer  will  address  himself  in  considering  this  problem,  ques- 
tions which  are  entirely  lost  sight  of  in  such  a  paper  as  that  under 
discussion.  Briefly  stated,  the  fundamental  questions  seem  to  me 
to  be  these. 

(1.)  Is  a  common  system  of  weights  and  measures  for  the  whole 
civilized  world  a  desirable  thing  ?  If  it  is  not  desirable  the  discus- 
sion is  ended,  and  there  is  no  need  to  go  further.  If  it  is  desirable 
the  next  thing  to  be  settled  is, 

(2.)  Are  the  benefits  to  be  gained  by  a  universal  system  of 
w^eights  and  measures  sufficient  to  justify  a  country  (say  the  United 
States)  in  surrendering  its  present  system  to  adopt  such  a  world 
system  ? 

This  is  the  really  serious  question.  Personally,  I  believe  that  no 
qualified  engineer  (except  the  rare  man  of  ultra-conservative 
tendencies)  can  look  over  the  evidence  mthout  coming  to  the  con- 
clusion that  our  own  system,  or  lack  of  system,  is  very  poor,  and 
that  the  proposed  changes  would  involve  far  less  expense  and  far 
less  trouble  than  is  generally  believed.  'No  one  pretends  that  this 
change  can  be  made  Avithout  trouble  or  without  expense;  but  the 
question  whether  the  complete  adoption  of  the  new  system  requires 
fi.ve  or  ten  or  twenty  years  is  really  of  secondary  importance,  if 
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in  tlio  end  tlioro  is  luul  uniforinity  of  practice  for  tlie  wliole  world. 
Such  liHH'liaiiical  (pu'stioiis  as  a  iiniforiii  measure  of  the  pitch  of 
screws  will  solvi'  themselves  when  Knii'land  and  America  c(»me  into 
the  worhl  system.  The  enaineer  who  satisfies  himself  that  the 
i'hani»i*  is  worth  the  nniking  will  then  address  himself  to  the  ques- 
tion, 

{'].)  Is  the  metric  system  one  fitted  to  answer  the  needs  of  the 
civilized  world,  and  has  it  already  gained  su(di  general  adoj)tion 
as  to  make  it  available  as  a  world  systcMn  ^  The  data  for  answer- 
ing the  first  part  of  this  question  are  easily  accessible;  and  I  do  not 
think  it  hard  to  show  that  action  by  the  United  States  in  adoi)ting 
the  metric  system  would  soon  lead  to  similar  action  on  the  parts 
of  England  and  Kussia,  and  thus  bring  about  a  world  system. 

I  venture  to  suggest  that  these  fundamental  questions  are  those 
to  which  the  enoineer  of  to-dav  oucrht  to  address  himself,  rather 
than  to  considerations  of  secondary  importance  such  as  those  raised 
by  ^fr.  Ilalsey's  i)aper.  The  difficulties  of  a  mechanical  sort  to 
which  he  calls  attention  will  disappear  in  a  universal  system ;  the 
transcendental  questions  which  he  discusses  are  of  interest  to  the 
transcendentalist,  but  not  to  the  engineer. 

Mr.  F.  A.  llahcy. — In  reply  to  Dr.  Pritchett;  I  would  sav  that 
it  is  gratifying  to  find  that  the  metric  advocates  are  at  last  begin- 
ning to  recognize  that  the  changing  of  a  people's  weights  and 
measures  is  a  matter  of  serious  difficulty.  Against  the  flip])ant 
assertions  of  its  ease  heard  in  Washington,  we  may  place  Dr. 
Pritchett's  admission,  that  in  the  textile  industry  the  matter  is 
"  beyond  the  control  of  any  one  country."  Mr.  Ilenning  has  made 
a  similar  admission  regarding  old  units  in  the  textile  and  German 
sliip-buliding  industries;  and  Dr.  Pritcliett's  explanation  of  the 
practice  of  the  Mexican  Central  Railway  is  of  the  same  kind. 
Here  are  two  metric  advocates  who  have  advanced  far  enough  to 
recognise  that  the  question  is  of  international  magnitude.  There 
is  hope  for  both  of  them. 

We  have  been  told  by  Mr.  Troemner,  paragraph  36,  that  Mexico 
'^  made  the  jump  at  once  from  one  standard  to  the  other,"  which  I 
have  shown  is  not  the  fact.  I  am  oblio'ed  to  Dr.  Pritchett  for 
supplying  an  additional  reason  for  this  persistence  of  old  units,  but 
must  remind  him,  as  I  have  reminded  Mr.  ITenning,  that  it  is  the 
fact  of  the  persistence  which  is  awkAvard  for  him,  and  that  addi- 
tional reasons  do  his  case  no  good.  When,  however,  was  a  special 
dispensation  made  exempting  the  operation  of  American-owned 
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railroads  in  Mexico  from  the  Mexican  compulsory  metric  law,  and 
how  imich  aj)i)lication  does  this  exi)lanation  have  to  the  Mexican 
experiences  of  Messrs,  ( "anhy  and  J^raschi,  ])aragra])hs  37  and  38. 

'^  Outside  the  mechanicjil  (le])artment  of  these  American  roads 
he  will  find  it  im])ossible  to  do  business,  except  in  the  metric 
system.''  And  by  the  testimony  of  Messrs.  Canby  and  Braschi  it 
is  ecpially  impossible  to  do  business,  except  in  the  English  and  the 
old  Spanish  systems. 

Nowhere  have  I  said  that  there  is  anything  sacred  in  the  stand- 
ards of  the  past.  Linear  measures  are  tied  to  the  past  by  physical 
— not  sentimental — ties. 

"  The  evidence  which  Mr.  ITalsey  presents  ...  is  ab- 
solutely valueless."  I  have  shown  the  difficulties  of  this  change 
to  be  so  great  that  the  old  system  is  still  in  large  use  in  France 
at  the  end  of  a  hundred  years,  and  Dr.  Pritchett  regards  this 
showing  as  ^S^aluelcss."  What  showing  would  he  regard  as  valu- 
able ?  What  shoAving  could  be  more  valuable  ?  Are  we  to  enter 
upon  this  program  trusting  to  his  cheerful  belief  that  these  diffi- 
culties "  will  disappear,"  or  shall  we  inquire  into  the  experience  of 
the  rest  of  the  world  ? 

"The  argument  for  the  preservation  of  old  and  inconvenient 
units  rests  on  no  other  basis  than  this  inertia  of  the  general  mass 
of  mankind."  As  an  absolute  failure  to  comprehend  the  funda- 
mental elements  of  the  subject,  that  statement  represents  the  limit. 
The  changes  in  the  calendar  and  time  systems  to  which  he  refers 
have  no  application,  because  no  property  loss  nor  sacrifice  of  any 
kind  was  involved  in  those  changes.  The  adoption  of  the  metric 
system  is  opposed  because  it  will  cost  more  than  it  is  worth.  The 
changes  referred  to  cost  substantially  nothing. 

To  Dr.  Pritchett's  fundamental  questions,  I  give  my  unqualified 
assent.  Except  for  its  appendix  this  paper  discusses  the  second  and 
third  and  not  much  else. 

In  my  own  estimation  I  have  discussed  this  subject  from  the  most 
practical  of  factory  standpoints.  In  the  estimation  of  Dr.  Pritchett 
I  am  a  transcendentalist.     Obviously  we  shall  not  agree. 

Finally,  what  reasons  has  Dr.  Pritchett  given  for  our  adopting 
the  system  ?  Except  his  reference  to  the  desirability  of  a  universal 
system  to  which  we  all  agree  as  we  do  to  the  desirability  of  a 
universal  language — not  one.  What  proof  has  he  given  that  the 
adoption  of  this  system  does  not  involve  the  destruction  of  mechan- 
ical standards  ?     Except  the  assertion  that  these  matters  "  will 
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s()lv(^  tlinnsclvos  " — notn .  W'linl  lins  lie  ^jild  In  sliow  tliiit  tlic 
tnnisiiioii  jicriod  will  not  last  a  cciiturv^     XoIIiukj. 

Dr.  A.  /•>'.  k'ciniclh/. — Mr.  lljjlscy's  ])ai>(r  i<,  I  think,  tin* 
iroiii>(^st  ])r('S(Mitat  i(tn  that  has  been  made  ai^ainst  the  a<l()])tion  of 
the  iiictric  svstciii,  and  aaainst  the  Metric  System  hill  nnw  pcndiniz; 
hci'orc  ("'oniiToss.  It  nici'its,  tlK^'cfore,  careful  attention,  since  a 
measure  of  such  creat  national  and  international  im])ortanco  as  the 
chanii'e  of  tlie  oflicial  system  of  weiiihts  and  measures  in  this 
country  should  not  he  nnide  without  the  fullest  consideration  of 
all  sides  of  the  subject. 

I  reoTot,  howev(M',  that  T  am  unable  to  agree  with  'Mr.  ITalsey. 
I  have  no  personal  knowlcMli^e  of  the  methods  of  manufacture  in 
the  textile  industries  of  France  and  Oerniany;  but  I  do  know  that 
the  use  of  the  metric  system  in  those  and  in  other  European  coun- 
tries is  practically  universal ;  that  the  metric  system  has  supplanted 
in  those  countries  systems  as  fantastic  and  antiquated  as  our  own, 
and  that  the  satisfaction  given  to  the  people  by  the  use  of  the 
system  in  fliose  countries  appears  to  be  complete.  Assuming  the 
evidence  adduced  in  the  pa])er  to  be  indisputable,  concerning  the 
use  of  ells,  leas,  inches  and  skeins,  in  ]Miro]K'an  textile  industry, 
then  the  w(>ight  of  this  evidence  is  admissible  to  show  that  thirty 
years  after  the  metric  system  shall  have  been  adopted  in  the  United 
States,  there  will  be  persons  still  clinging  to  inches,  yards,  quarts, 
perches,  etc.  But  it  would  be  inadmissible  to  indicate  that  the 
great  mass  of  the  people  would  not  be  using  the  metric  system  with 
benefit.  There  are  quite  a  number. of  people,  all  told,  in  the  United 
States,  who  speak  only  in  foreign  tongues.  Xevertheless,  the 
language  of  this  country  is  indisputably  English. 

The  text  and  burden  of  ^Er.  ITalsey's  pa])er  are  that  "  measures 
of  length  are  irrevocably  tied  to  the  past.''  Xo  one  will  dispute 
a  reasonable  interpretation  of  this  bewitching  proposition.  Pos- 
sibly there  are  a  few  people  in  the  world  who  still  use  the  sacred 
cubit  of  the  Egyptians.  To  the  past  are  irrevocably  tied  cruelty, 
superstition,  trial  by  torture,  and  many  social  defects  that  the 
present  has  outgrown.  It  is  no  shame  to  the  English-speaking  race 
of  to-day  that  it  has  inherited  an  incongruous  accretion  of  weights 
and  measures  that  an  orderly  minded  person  cannot  defend.  But 
surely  it  is  a  shame  and  disgrace  to  the  race  if,  seeing  a  better 
system  used  by  its  neighbors,  it  makes  no  effort  to  change  the 
medley  for  that  better  system  on  behalf  of  this  and  future  genera- 
tions.    The  very  best  system  is  only  just  good  enough  for  the 
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riiitcd  States.  Tlie  bother  of  the  cliaiige  is  no  worthy  argument 
for  a  progressive  man.  The  change  from  the  cnmb(^rsome  ])ound- 
shilling-])enee  system  of  currency  to  our  ])resent  decimal  currency 
inv()l\'cd  much  ti'ouhh'.  It  was  vehemently  opposed  by  many  who 
(dung  to  the  existing  order  of  tilings,  for  just  the  same  reasons  as 
those  here  discussed.  Was  the  eifort  expended  in  changing  not 
a  good  investment  for  the  nation?  It  is  a  bother  to  throw  away 
machinery  in  a  factory  because  a  new  mechanical  plant  is  superior. 
Yet  progressive  men  do  not  hesitate  to  destroy  old  machinery  wdien 
there  is  a  clear  advantage  in  supplanting  it. 

The  real  question  is  not  whether  a  small  useful  minority  of  the 
people  in  the  country,  known  as  engineers  of  all  classes,  Avould 
be  benefited  by  having  their  computations  simplified  through  a 
change  to  the  metric  system;  nor  whether  our  same  small  minority 
would  be  bothered  by  workshop  troubles  during  the  transition;  but 
whether  the  cost  and  trouble  to  the  whole  people,  including  engi- 
neers, is  going  to  outweigh  the  positive  advantages  that  experience 
on  a  large  scale  has  shown  to  result  from  a  national  change  to  the 
metric  system. 

It  is  in  evidence  before  the  Committee  on  Coinage,  Weights  and 
Measures  that  the  change  to  the  metric  system  would  save  two- 
thirds  of  a  year  in  the  public-school  life  of  each  child  in  this  coun- 
try. This  statement  has  not  been  challenged  as  yet.  It  means  an 
enormous  saving  of  labor  to  the  community  in  the  aggregate,  dis- 
regarding entirely  the  additional  saving  of  effort  and  time  effected 
during  adult  life.  This  saving  would  pay  for  a  very  large  amount 
of  national  bother  in  changing  weights  and  measures.  I  believe 
that  those  who  have  visited  metric-system-using  countries,  and 
have  learned  life  in  them,  wdll  admit  that  a  reasonably  conducted 
change  to  the  metric  system,  led  by  the  Government  Departments, 
would  lead  to  the  ultimate  full  adoption  of  that  system  through- 
out the  country,  without  entailing  undue  hardship  to  any  citizens 
during  the  transition  period. 

il/r.  F.  A.  Ilalsey. — In  answer  to  Dr.  Kennelly,  I  would  like  to 
ask  why  the  metric  advocates  will  never  learn  that  the  fitness  of 
a  decimal  basis  for  a  system  of  currency  lies  in  the  immense 
amount  of  adding  to  be  done,  to  which  there  is  no  comparison  in 
connection  with  weights  and  measures  ?  One  bookkeeper  in  a  good- 
sized  factory  office  will  do  more  adding  than  the  whole  shop  and 
drawing-office  force  combined. 

Begging  Dr.  Kennelly^s  pardon,  the  claim  that  the  adoption  of 
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l\w  iiu^tric  systom  will  smvc  twct-liiirds  <»f  a  vcmi*  in  the  puhlic- 
scliool  life  of  children  Ikis  hccii  cliallciiucd,  and  tjic  ixM-sistcncc  of 
old  nnits  in  metric  connlrics  siiii|)ly  makes  tlii-;  claim  i-idicnlnns. 

To  the  next  to  the  last  ])ai'a<;rn|)h  <»f  Di-.  K'cnnejiy's  ('((nii-ihn- 
tion,  I  eordially  subscribe;  hut  why  doem  he  not  name  those ''' podtive 
ailvantages  f '' 

Mr.  t^inuurl  ]V('bh(>r. — J  have  read  ^fr.  Ilalsey's  paju'r  with  <^-reat 
interest,  and  fully  endorse  it  in  all  points,  especially  in  relation  to 
the  ])ersistencc  of  old  customs  in  w(Mt»hts  and  measures  in  coun- 
tries wluM'e  the  metric  system  has  been  nominally  adojited,  but  E 
do  not  thiidv  that  in  the  various  arguments  brought  forward 
against  any  change  from  our  present  system,  which  we  may  call 
the  ''  English  ' '  one,  to  the  ''  French  ''  or  metric  one,  sufficient 
stnvss  has  been  laid  on  what  we  may  call  the  historical  or  inter- 
national position  of  the  question. 

The  metric  system  was  one  of  the  results  of  the  great  u})heaval 
in  France,  at  the  close  of  the  eighteenth  century,  which  not  only 
produced  the  French  Revolution,  but  altered,  or  attempted  to  alter, 
about  every  landmark  in  reach  of  the  revolutionary  spirit.  The 
French  reformers  not  only  changed  the  systems  of  weights  and 
measures,  but  altered  the  names  of  the  months,  and  attempted 
to  abolish  the  Christian  Era,  redating  the  world  from  the  first 
year  of  the  French  Kepublic. 

France  was  for  a  time  the  dominant  power  in  Europe,  and, 
under  the  overpowering  sway  of  ^apolean,  the  metric  system,  w^as 
forced  on  the  other  countries  of  Continental  Europe,  how  in- 
effectually, Mr.  Halsey  plainly  shows. 

Times  have  changed  in  one  hundred  years,  and  history  has 
turned  over  a  new  page,  and  it  is  now  the  English  race  which  is 
the  dominant  po^^er  in  the  world,  if  not,  on  the  Continent  of 
Europe.  The  English  systems  of  weights  and  measures  are  spread- 
ing much  more  rapidly  than  the  French  ones,  not  only  in  her  vast 
colonies,  but  through  the  great  extensions  of  the  power  of  the 
United  States,  and  it  seems  a  perfect  piece  of  folly  to  attempt  to 
turn  back  the  march  of  progress,  by  adopting  an  inconvenient, 
and  incorrect  standard,  which  the  French  scientists  ^^evolved  from 
their  own  consciousness  "  a  century  ago  ! 

So  far  as  the  decimal  system  goes,  it  is  as  much  a  "  rule  of 
thumb  "  as  any  other  one,  and  was  derived  from  counting  the 
digits  on  the  hands^  and  while  very  convenient  for  mere  arith- 
metical calculation,  is  very  inconvenient  for  all  mechanical  and 
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constnictivc  purposes.  A  cjirix'ntor,  Avitli  a  ])iecc  of  string,  which 
lie  can  (loublc,  can  cnt  any  hoard,  into  halves,  quarters  or  six- 
teenths, hilt  A\lien  he  has  once  got  it  into  halves,  it  requires  an 
elahorate  spacing  out  with  a  ])air  of  dividers,  to  get  the  pieces 
into  five  parts,  and  the  division  is  not  a  natural  one. 

Tiie  ''  foot-pound  "  of  James  Watt  is  the  estahlished  dj'namic 
unit,  and  it  seems  folly  to  transmogrify  it  into  such  a  jawhreaker 
as  a  kilogrammetre !  The  larger  part  of  the  steam-engines  of  the 
world  are  huilt  on  dimensions  expressed  in  English  inches,  why 
upset  all  future  constructions,  hy  changing  the  measures  to  milli- 
metres ?  The  records  of  the  geographical  surveys  of  the  United 
States  are  written  in  miles  and  feet.  Why  upset  them  all,  by 
changing  the  standard  measures  to  metres  and  kilometres  ? 

All  hydraulic  calculations  are  expressed  in  feet  and  hundredths 
now,  and  we  have  all  the  advantages  of  a  decimal  system  there  for 
purposes  of  calculations.  Why  change  it  ?  Finally,  the  most  valu- 
able mechanical  literature  in  the  world  is  written  in  the  English 
language  and  by  English  measure.  Why  destroy  this  or  render 
it  useless  to  future  generations,  except  by  translation  and  recalcu- 
lation. 

Mr.  Fred.  II.  Colvin. — With  the  view  of  discovering  whether 
the  metric  system  had  entirely  replaced  the  native  units  of  meas- 
urements, I  recently  spent  a  few  hours  ii>  examining  the  govern- 
ment publication  of  Consular  reports  relating  to  commercial  re- 
lations. The  latest  obtainable  in  bound  volumes  was  for  the 
years  1900  and  1901,  and  some  of  the  discoveries  are  rather 
interesting  as  proving  to  the  contrary. 

Among  the  South  American  countries,  which  are  held  up  as 
shining  examples  of  knowing  a  good  thing  in  the  way  of  scientific 
measurements  when  they  see  it,  I  first  found  a  report  from  the 
statistical  office  of  Bolivia.  The  compiler  had  evidently  over- 
looked the  fact  that  this  was  a  metric  country,  for  railroad  ex- 
tensions were  given  in  miles,  mine  products  in  pounds  and  tons, 
and  the  height  of  mountainous  mines  in  feet. 

Reports  from  Peru  give  lumber  in  feet,  mine  products  in  tons, 
while  the  detailed  report  of  the  superintendent  of  the  Central 
Railway,  concerning  his  road,  gives  everything  in  English 
measures. 

Official  reports  from  Uruguay  are  metric,  but  judging  from 
the  Consular  reports,  the  native  units  are  used  in  every-day  life. 
There  is  also  an  exhaustive  statement  by  the  large  house  of  Huf- 


I 


Tin:  MKTK'ir  s^Ml;.M.  41>7 

luiircl,  PlatticM-  i^'  Co.,  ill  Paysandn,  rniirnay,  as  to  tlic  iiiiports 
and  i'\jK»rts,  in  wliicli  feet,  kilos  and  pdniids  arc  ln)|K*lesslv  niixcMl. 

I'^i-din  X'cneziiclii  there  arc  reports  from  Maraeailx*  and  Tuerto 
("alK'llo,  and  not  a  mention  of  metric  measure  in  the  lot. 

Consular  rej)orts  from  ^fexieo  fail  to  mention  metrie  measures 
in  a  siuiile  instanee  exeei)t  when  (juotinu'  fi'overnment  rej)orts,  in- 
dicating that  its  use  is  entirely  othcial  instead  of  poj)ular.  Kail- 
road  extensions  and  similar  measurements  are  always  given  in  feet. 

(ioing  to  Spanish  reports  we  find  a  quotation  from  a  Valeneia 
])ai)er  pointing  out  the  increased  competition  of  American  fruit 
in  their  home  market,  and  in  France  as  follows :  ^'  Their  orang(>s, 
apples,  peaches,  etc.,  reach  Paris  after  traversing  6,000  miles, 
in  a  more  attractive  condition  than  ours  after  a  journey  of  only 
4tK)  mlles.^^    Xot  kilometres  but  miles. 

Consul-General  Hay  from  Barcelona  says,  "  that  to  gain  this 
trade  we  must  print  catalogues  in  Spanish,  as  the  Germans  and 
English  do  " — but  he  entirely  neglects  to  mention  the  necessity 
or  advantage  of  having  metric  measures.  Raisins  ar.e  quoted  in 
"  arrobas  ''  of  25  pounds  each. 

A  report  of  navigation  from  Trieste,  Austria,  is  in  tons,  rates 
in  shillings  per  ton,  battle-ships  in  tons  displacements.  Xow  these 
may  be  metric  tons,  and  as  the  harbor  improvements  are  given 
partly  in  feet  and  partly  in  metres,  you  can  decide  either  way  you 
like.  Length  of  railways  is  given  in  miles,  Avhile  the  rates  are  in 
kilogrammes.  The  imports  are  in  quintals,  pounds  and  tons — 
makes  a  scientific  system. 

Belgium  makes  a  bad  showing  for  those  advocates  who  think  it 
can  be  assimilated  in  two  or  three  years.  Government  reports  are 
metric  as  a  matter  of  course,  but  commercial  houses  give  imports 
in  pounds,  cords  and  gallons.  Crop  reports  in  the  Antwerp  district 
are  given  in  bushels  and  tons  of  2,240  pounds.  Lumber,  however, 
is  given  in  metres,  while  imports  of  cereals  are  in  bushels.  An- 
other table  giving  the  crops  per  hectare  (2.471  acres),  as  follows : 

WTieat  (in  bushels) 66.21 

Potatoes  (in  kilogrammes) 38,911 


(Xote  the  inconveniently  large  figures  owing  to  the  unit  being  so 
small.) 

Beet  roots  and  tobacco  are  also  honored  with  the  scientific 
system,  while  all  the  rest  must  be  content  with  the  old  units. 

Imports  of  wood,  both  from  America  and  other  countries  are 
32 
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given  in  cnbic  metres,  while  imports  of  rubber  are  in  pounds.  Both 
systems  are  used  nil  tlirougli,  lumber  being  given  in  cubic  yards 
in  one  jdace. 

Swedish  reports  give  tables  with  pounds,  metric  Um^,  bushels, 
long  tons,  gallons,  pounds  and  hundredweight.  Otlier  reports  use 
kilos  and  pounds. 

Germany. — In  mentioning  Agrarian  legislation, bushels  and  hec- 
tolitres, English  tons  and  metric  tons  all  seem  to  have  equal  chance. 
Structural  iron  and  steel  are  quoted  in  sixteenths  and  eighths  of  an 
inch.     Textiles  are  quoted  in  hundredweights. 

'Italy. — Imports  at  Leghorn  are  given  in  hundredweights  and 
tons,  in  other  places  in  kilos.  Exports  are  largely  in  pounds.  Wine 
is  quoted  at  so  many  "  lire  "  per  cask  of  100  quarts.  jp 

In  reports  from  Chile,  Valparaiso,  do  not  mention  metric,  but 
figures  are  given  in  pounds,  tons  and  quarts.  In  Iquique  prices 
are  given  in  shillings  per  hundredweight,  and  Spanish  quintals  are 
also  mentioned. 

In  the  report  from  Bogota,  United  States  of  Colombia,  yards  and 
pounds  are  used,  and  there  is  also  a  quotation  from  a  French  paper 
regarding  the  mines  of  Ifuzo  and  Cosconeg,  in  ^hich  the  distances 
are  given  in  yards  and  miles.  Still  another  report  uses  metric  and 
English  measures  indiscriminately. 

From  Holland  is  the  annual  circular  of  the  Hide,  Skin  and 
Leather  Co.,  gives  imports  of  hides  in  ^'  piculs,"  and  translates  it 
into  pounds,  although  official  reports  use  kilogrammes.  Harbor  im- 
provements are  given  in  metres  in  some  places,  and  feet  in  others. 

But  Japan' leads  them  all  in  mixing  up  custom  and  science,  the 
past  and  the  future  (perhaps).  The  official  table  of  imports  into 
Yokohama  give  a  choice  collection  of  piculs,  kin,  milles,  tons, 
square  yards,  gallons,  litres,  square  feet,  gross,  sho,  etc.,  with 
piculs  and  kins  in  the  lead,  and  litres  notable  by  their  scarcity. 

Building  sites  are  also  mentioned  as  being  rented  for  from 
5  to  8  cents  per  '^  tsubo,"  which  equals  36  square  feet.  'No 
"  centiare  "  about  this. 

The  consul  also  says :  "  The  Japanese  have  not  abandoned  their 
old  weights  and  measures  in  favor  of  the  metric  system  but  have 
legalized  the  employment  of  the  two  side  by  side  with  the  proviso 
that  the  Japanese  weights  shall  be  taken  as  the  standard.  The 
metric  system  has  not  come  into  general  use.  The  engineers, 
mechanics  and  artisans  of  all  kinds  use  the  native  measurements 
in  preference.'' 
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Those  oxaiiiplos  can  bo  iimltiplicd  many  tiinos  l)y  tlioso  wlio 
lui\('  \\\v  time  to  oxaniiiio  the  records.  It  should  also  Ix'  noted  tliat 
tlu'sc^  nro  not  old  ro])orts  but  tlio  latest  obtainaMc.  1  may  also 
add  that  no  cases  have  been  mentioned  where  thei'e  was  any  chance 
of  confusing-  the  English  and  nu^tric  ton,  or  other  mcasui-cments 
as  in  tonnage  of  shii)ping  in  ports  of  metric  coniilries.  'I'hesc  have 
been  assununl  as  all  metric,  although  I  have  good  reason  to  believe 
some  of  them  are  not. 

'Jlic  ease  is  strong  enongli  when  we  give  facts  that  cannot  bo 
disputed  and  leave  the  doubtful  ones  all  to  the  other  side. 

It  has  been  assmned  that  consuls  give  the  units  in  use  in  the 
country  as  there  is  nothing  to  indicate  any  translations,  and  consuls, 
as  a  rule,  are  not  given  to  translating  page  after  page  of  dry 
statistics.  In  the  cases  where  native  units  are  given,  this  is  ample 
proof  that  there  was  no  consular  interference,  for  if  translating  it 
would  be  into  English  and  not  into  native  units. 

These  merely  bear  out  the  able 'presentation  of  the  facts  given 
by  Mr.  Ilalsey,  and  help  to  prove  that  the  metric  system  is  not 
practical  enough  to  warrant  the  recommendation  of  this  Society. 

3f/\  James  Christie. — We  must  always  expect  a  wude  diver- 
gence of  views  on  any  subject  not  capable  of  exact  or  mathematical 
demonstration.  The  historical  arena  of  polemics  has  been  occu- 
pied by  fierce  and  fiery  disputes,  too  often  on  trivial  subjects,  much 
of  which  now  seems  amusing.  On  such  matters  as  religion,  politics, 
etc.,  we  cannot  expect,  nor  would  it  be  desirable,  to  have  a  pre- 
vailing uniformity  of  sentiment,  but  in  all  affairs  pertaining  to 
national  and  industrial  economics  we  should  endeavor  to  obtain 
precision  and  uniformity  of  thought  and  action.  Moreover,  a 
prudent  conservatism  is  always  advisable,  and  better  to  bear  the 
ills  we  have  than  rashly  fly  to  others  ^^e  know  not  of.  Carlyle 
has  said: 

All  great  peoples  are  conservative,  slow  to  believe  in  novelties,  patient  of  much 
error  in  actualities,  deeply  and  forever  certain  of  the  greatness  that  is  m  law,  in 
custom,  once  solemnly  established. 

Mr.  Halsey's  interesting  paper  imparts  fresh  interest  to  a  sub- 
ject that  has  been  worn  so  threadbare  in  the  past  that  it  seems 
almost  superfluous  to  revive  the  stale  arguments  that  have  been 
repeatedly  advanced.  The  discussion  might  be  considered  closed, 
the  question  called  for  the  ayes  and  nays  to  decide,  to  be  or  not  to 
be,  as  the  popular  voice  will  determine.      An  excuse  for  the  re- 
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newiil  of  tlie  argument,  however,  will  be  found  in  Mr.  TIalsey's 
j)a|)er,  wliieli  attacks  the  subject  from  the  standpoint  of  a  quarter 
of  a  century  subsequent  to  the  legal  and  compulsory  introduction 
of  the  ]netric  system  in  the  German  empire.  Mr.  Ilalsey  claims 
that  there  still  lingers  in  certain  of  the  arts  remnants  of  the 
ancient  systems  that  were  formerly  in  vogue. 

Thirty  years  ago,  during  one  of  the  periodic  revivals  of  the 
subject  of  the  metric  system,  this  being  the  earliest  date  that 
the  writer  of  this  discussion  has  any  personal  knowledge  of,  it 
will  be  remembered  that  exactly  similar  arguments  were  applied 
regarding  the  popular  customs  in  France,  urging  that  although 
the  metric  system  had  been  enforced  almost  at  the  point  of  the 
bayonet,  yet  they  had  not  been  able  to  eradicate  the  old  conflict- 
ing and  cumbersome  systems  from  France,  more  especially  in 
the  agricultural  districts,  where  the  wholesome  bucolic  atmos- 
phere tended  to  preserve  those  primitive  habits  of  society  which 
are  believed  by  some  to  be  remnants  of  that  Edenic  condition 
when  mankind  was  in  its  pristine  purity. 

Yain  attempts  are  frequently  made  to  enforce  upon  a  crude 
society  civilized  methods  for  Avhich  they  are  not  yet  fitted.  The 
enthusiastic  promoter  of  civilization  is  apt  to  overlook  this  diffi- 
culty, an  illustration  of  which  is  offered  in  the  well-known  story 
of  the  tropical  planter,  who,  weary  of  seeing  the  negro  laborers 
in  the  field  bearing  their  cane  burdens  on  their  heads,  endeav- 
ored to  lighten  their  task  by  the  substitution  of  a  convenient  wheel- 
barrow, the  final  result  being  that  his  slaves  insisted  upon  carry- 
ing the  wheelbarrow  with  its  burden  on  their  heads  rather  than 
alter  their  habits  and  wheel  the  vehicle  on  the  ground. 

Notwithstanding  the  arguments  so  frequently  urged  that  our 
existing  methods  of  weights  and  measures  are  a  natural  survival 
of  what  has  been  found  fittest,  we  can  point  to  numerous  illus- 
trations for  which  there  can  be  offered  no  well  founded  reason, 
except  that  we  have  inherited  them  as  a  legacy  from  the  past, 
and  it  is  too  much  trouble  to  make  a  change. 

What  good  reason  can  be  offered  for  the  continuance  of  the 
hundredweights  and  quarters  interposed  between  pounds  and 
tons  still  in  common  use  in  Great  Britain  although  almost  en- 
tirely obsolete  here?  The  expressions  are  cumbrous  and  labori- 
ous to  w^rite  and  read  or  to  multiply,  and  with  our  American 
tendency  to  take  short  cuts  we  wisely  allow  them  to  fall  into 
disuse.     What  convincing  argument  can  be  offered  for  the  con- 
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tinujinco  of  tlie  ton  of  ii,24(>  ])oun(lsy  Inconvoniont  aiul  usi'loss 
from  ovoiy  ])(>int  of  view  !  Tlie  net  or  short  ton,  as  we  call  it, 
o{  'JjMK)  pounds,  is  in  common  use  with  us  lioth  in  our  customs 
and  our  literature,  and  would  have  long  since  (lis|)lace<l  its  pre- 
decessor if  the  former  had  simply  been  made  illegal.  The  ten- 
dency to  change  and  siinj)lify  these  matters  is  continually 
oi)served.  AVe  11  nd  it  a  growing  cu^^oin  to  omit  the  use  of  the 
ton  entirely.  It  is  a  common  and  growing  ])ractice  to  refer  to 
large  (juiintities  even  in  many  millions  of  pounds.  When  we 
ask,  why  Inirden  yourself  with  so  many  figures  i  the  rejily  is  the 
uncertainty  of  wliat  the  ton  means.  If  the  ton  was  2,000  pounds 
we  would  gladly  use  it,  hut  the  ton  of  2,240  pounds  involves 
more  kibor  and  more  uncertainty  in  the  knowledge  of  the  result 
than  stating  the  terms  in  pound  quantities. 

It  has  been  said  that,  ''whatever  is,  is  best."  This  may  be  ])ar- 
tially  true  in  a  broad  and  general  sense,  but  it  has  no  permanent 
or  universal  application,  and  the  fallacy  of  the  assertion  is  con- 
stantly being  exposed.  It  rarely  happens  that  any  one  system  or 
method  has  all  the  advantages  on  its  side.  In  fact,  we  frequently 
discern  in  methods  that  have  passed  into  oblivion  some  most 
excellent  features,  but  in  comparing  systems  it  is  desirable  to 
make  an  algebraic  sum  of  the  virtues  and  defects  and  retain  the 
one  that  has  the  ]n'eponderance  of  redeeming  features.  In  de- 
cidiuiT  on  the  merits  or  demerits  of  auv  svstem  of  wei<j:lits  and 
measures  we  must  consider  the  benelits  and  the  losses  to  be 
derived  by  every  element  of  the  comm unity,  and  base  our  deci- 
sion on  whatever  seems  to  yield  the  greatest  good  to  the  greatest 
number. 

It  will  l)e  observed  that  the  examples  otfered  by  Mr.  Ilalsey 
are  chiefly  drawn  from  the  textile  arts.  In  this  manufacturing 
industry  inherited  terms  probably  enter  more  largely  than  in 
any  other  into  the  vernacular  of  the  humblest  mass  of  the  people. 

As  man's  most  imperative  need,  next  to  food,  is  clothing,  the 
textile  arts,  next  to  agriculture,  bear  the  most  intimate  relation 
to  the  masses  of  mankind.  AVitli  these  masses  customs  and  tra- 
ditions linger  longer  and  are  more  diflicult  to  eradicate  than 
Tvith  the  more  hi^-hlv  oro^anized  conditions  of  societv.  The  his- 
torv  of  Enalish  legislation  relating  to  metroloirv  for  many  cen- 
turies  indicates  that  measures  relating  to  cloth  and  fabrics  have 
always  held  a  prominent  place.  The  history  of  our  American 
legislation  on  the  currency  is  another  illustration  to  the  point. 
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Immediately  after  tlie  adoption  of  the  Federal  Constitution, 
Gouverneur  Morris  and  Thomas  JelTorson  began  the  agitation 
for  tlie  adoption  of  a  national  currency.  The  need  of  some  co- 
herent national  system  was  very  pressing,  considering  the  heter- 
ogeneous character  of  tlie  monetary  units  prevailing  at  the  time, 
which  were  a  jumble  of  English,  French  and  Spanish  coins, 
each  Avith  their  own  name^and  measure  of  value.  Morris  and 
Jefferson  were  both  of  one  mind  that  the  currency  should  be  of 
a  decimal  character.  They  only  differed  in  the  details  of  the 
application.  The  arguments  presented  by  these  eminent  men  for 
the  decimal  s^^stem  indicated  that  they  fully  realized  its  simplicity 
of  comprehension  and  enumeration.  The  arguments  against  the 
decimal  system  were  quite  similar  to  those  advanced  by  the  met- 
ric opponents  of  to-day.  I  think  this  generation  is  all  of  one 
mind,  that  there  was  no  mistake  made  in  adapting  our  decimal 
system  of  monetary  units.  It  was  readily  adopted,  and  received 
the  approval  of  the  intelligence  of  the  country;  yet,  notwith- 
standing this,  it  is  well  known  that  over  half  a  century  and  the 
old  generation  had  passed  away  before  the  ancient  terms  fell 
entirely  into  disuse.  Even  the  names  clung  when  they  had  no 
significance  except  as  a  name,  as  illustrated  by  the  long  survival 
and  various  applications  of  the  term  ''  shilling."  Yet  in  Amer- 
ica a  higher  order  of  intelligence  did  and  does  prevail  among  the 
masses  of  the  people  than  in  continental  Europe.  We  have  no 
proletariat  in  the  same  sense  as  exists  in  Central  Europe.  The 
mass  of  the  people  more  readily  receive  innovations  and  adopt 
improvements  than  is  the  custom  with  the  older  nations.  There- 
fore, Ave  could  Avell  understand  Avhy  ancient  terms  and  systems 
would  cling  more  tenaciously  wdth  them  than  with  us. 

The  retention  of  ancient  terms  or  phrases  in  exceptional  quar- 
ters bears  little  significance  to  this  subject,  from  the  point  of 
view  under  discussion.  On  the  other  hand,  we  haA^e  the  most 
convincing  evidence  that  the  metric  system  is  uoaa^  exclusively 
established  in  literature,  in  science,  and  engineering,  and  in  the 
mechanic  arts  of  France  and  Gennsinj.  We  frequently  find 
British  units  paralleling  the  metric  in  German  and  Belgian  trade 
catalogues  and  tables.  This  is  necessitated  by  the  constant  inter- 
national exchanges,  and  is  regretted  by  the  manufacturers,  who 
complain  of  the  cumbrous  conversion  involved  with  the  British 
units,  as  compared  to  the  simple  notation  of  the  metric  system. 
An  eminent  German  engineer  and  metallurgist  remarked  to  the 
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writer  a  few  years  a^o:  ''To  iis  the  advanta^i^es  of  tlie  metric 
systein  appear  so  natural  and  self-evident,  tiiat  the  ar^niinents 
olfered  by  its  opponents  in  JJritain  and  Anieriea  seem  hulicr(Mis; 
and  our  only  wonder  is  that  so  praetical  a  ])eople  as  the  Amer- 
ieans  hesitate  so  long  to  partieipate  in  its  Jidvanta;;(^s." 

An  Ameriean  friend,  recently  returned  from  a  tour  of  towns 
and  villages  in  Germany,  confirms  the  assertion  that  its  adopticm 
is  now  well  established  in  the  habits  of  the  communities.  Ancient 
terms  sometimes  remain,  but  they  are  found  to  apply  to  metric 
units,  just  as  the  old  names  for  coins  long  survived  with  us.  In 
the  northern  sea])orts  the  pound  for  weight  is  sometimes  heard, 
but  it  is  found  that  half  a  kilo  is  what  is  meant. 

A  singular  feature  of  the  case  is  that  while  the  innovation  is 
most  urgently  resisted  Jiere,  among  the  mechanical  trades,  yet 
these  seem  to  have  been  among  the  first  to  adopt  the  metric 
system  in  Germany,  or  at  least  in  the  southern  states  of  the  em- 
igre. This  is  sufficiently  attested  by  numbers  of  German  me- 
chanics, who,  leaving  before  the  Franco-Prussian  AYar  of  ISTO, 
and  before  the  system  was  made  universally  obligatory,  assert 
that  metric  measures  onh^  were  in  use  in  the  shops  they  left  in 
southern  Germany. 

A  distinguishing  feature  of  the  present  time  is  a  tendency  to 
adopt  quick  methods  and  take  short  cuts  to  accomplish  a  desired 
result.  Business  letters  are  short  and  terse.  The  shortest  words 
are  preferred  that  will  express  the  intended  ideas.  The  gradual 
extension  of  ])honetic  spelling  is  removing  unnecessary  letters 
from  words.  The  ponderous  ])hrases  and  sentences  of  our  ances- 
tors are  disappearing  from  our  literature.  "\Ve  want  the  best, 
the  most  efficient  tools,  and  expend  much  thought  on  reducing 
the  manual  movements  of  those  who  handle  them.  We  waste 
little  sentiment  in  preserving  obsolete  and  inefficient  tools,  but 
consign  them  to  the  scrap  heap  with  as  little  reluctance  as  we 
send  worn  out  garments  to  the  rag  man.  Our  systems  of 
weights  and  measures  form  the  most  important  instruments  at 
our  command  in  making  just  and  accurate  exchanges.  They 
should  be  the  best  to  be  obtained,  and  if  found  wanting  they 
should  ^A  ith  due  care  and  caution  be  improved  to  conform  to  the 
needs  of  modern  society.  It  is  very  true  that  it  is  a  serious  mat- 
ter to  alter  existing  standards,  and  the  subject  should  not  be 
entered  upon  lighth^,  but  only  after  prolonged  and  careful  study. 
It  is  doubtless  quite  feasible  to  make  desirable  changes  in  our 
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present  systems  relating  to  mass  and  volume,  Avitliout  at  all 
afFecting  the  elementary  principles  on  which  they  are  founded. 
Inconvenient  units  of  measurement  could  be  abandoned  and  more 
convenient  multiples  might  be  adopted,  but  our  National  Con- 
gress, to  whom  the  stubject  is  confided  by  the  constitution,  have 
always  refrained  from  any  action,  because  it  was  continually  felt 
that  the  time  for  a  radical  change  was  not  far  distant,  and  until 
this  positive  stej)  was  taken  it  was  not  worth  while  to  make  any 
changes  of  present  conditions.  Reflect  for  a  moment  on  what  a 
convenient  and  useful  method  Ave  possess  in  our  Arabic  system 
of  numerals.  How  clear,  concise,  and  expressive  it  is  as  com- 
pared to  the  Roman  system,  or  any  other  ancient  system  it  dis- 
placed. Each  figure,  reading  from  right  to  left,  expressing  a 
decimal  advance;  units,  tens,  hundreds,  thousands,  etc.  AYith- 
out  this  instrument  our  arithmetic  and  technical  education  and 
literature  would  be  almost  impossible.  It  is  difficult  for  us  to 
understand  now  that  it  took  many«centuries  to  graft  this  into 
our  Christian  civilization.  Only  after  the  art  of  printing  was 
established,  and  its  adoption  became  imperative,  was  the  Arabic 
S3"stem  completely  adopted  in  Europe.  The  metric  system  is  es- 
sentially an  extension  of  the  principles  of  the  Arabic  numerals 
from  quantities  in  general  to  quantities  in  detail,  to  weights  and 
measures.  It  is  therefore  essentially  a  decimal  system  so  long 
as  we  have  a  decimal  notation.  If  this  should  ever  be  changed 
so  that  either  eight  or  twelve  became  the  radix  of  our  notation, 
then  the  metric  system  takes  an  octonal  or  duodenal  form,  with 
its  fundamental  features  unchanged. 

The  question  of  our  adopting  metric  measures  as  an  interna- 
tional system  has  received  such  abundant  expression  during  the 
last  half  century  that  we  are  now  in  a  position  to  know  approx- 
imately the  views  that  prevail  in  the  different  elements  of  society. 
Among  scientific  men,  meaning  those  who  study  or  teach,  but 
not  directly  connected  with  the  industrial  arts,  the  sentiment  is 
almost  a  unit  in  favor  of  the  system.  This  is  amply  exemplified 
by  the  actions  of  our  scientific  associations  and  the  expressions  of 
their  leading  members. 

Among  civil  engineers  it  seems  probable  that  a  majority  favor 
the  system.  In  the  class  of  mechanics  and  mechanical  engineers 
it  is  probable  that  the  majority  would  decide  adversely  at  the 
present  time,  and  not  many  ^^ears  ago  the  writer  of  this  discus- 
sion would  have  felt  he  was  tainted  with  a  mild  form  of  heresy 
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if  lio  had  V(Mitinv(l  t(^  advocate  tbc  doctrine  anions  liis  profes- 
sional bretiircii.  AVe  do  not  want  to  be  in  tbe  ranks  of  a  iiope- 
loss  minority,  and  tbe  knowledge  of  tbe  existence  of  a  goodly 
company  among  our  inecbanical  bretbren,  and  tbe  gradual  but 
constant  increase  in  tbe  nuuibers,  serves  to  stimulate  tbose  wbo 
migbt  otherwise  be  faint  hearted  on  tbe  subject.  A  ccmfession 
of  faith,  with  some  reasons  therefor  on  the  part  of  tbe  writer, 
might  be  offered  in  extenuation. 

Some  score  of  years  ago,  undertaking  some  literary  work, 
which  involved  the  preparation  of  a  large  number  of  tables,  tbe 
calculations  for  tbese  involved  com])oun(ling  the  elements  of 
dimensions  and  mass  and  occasionally  of  time.  The  arithmetical 
work  involved  was  found  to  be  much  more  laborious  than 
Avas  at  first  anticipated;  but  notwithstanding  all  the  short  cuts 
that  offer  themselves  now  to  the  ready  reckoner,  the  work  w^as 
found  tedious  and  laborious,  and  only  by  the  assistance  of  quick 
and  skilful  computers  could  the  work  be  prosecuted  with  reason- 
able disjmtcli.  Previous  to  this  time  I  bad  not  looked  Avitli  any 
great  degree  of  favor  upon  the  metric  or  any  other  decimal  system. 
The  Greek  and  Latin  prefixes,  the  foreign  sounding  nomencla- 
ture, and  the  unvarying  decimal  multiples,  made  no  appeal  except 
as  interesting  from  an  academic  point  of  view.  The  conviction, 
however,  gradually  gained,  and  it  was  readily  proved  by  ex- 
ample, that  if  we  had  the  metric  system  of  weights  and  measures 
to  deal  with  instead  of  our  own,  that  the  labor  w^ould  have  been 
vastly  reduced.  The  frequent  conversion  of  vulgar  fractions  to 
decimals,  to  facilitate  computation,  the  constant  reference  to 
conversion  tables  for  weights  and  the  ponderous  multiplication 
or  division  involved  in  interchanging  units  of  measure,  w^ere  so 
burdensome  that  a  feeling  of  envy  grew  for  those  who  possessed 
the  decimal  system  in  its  entirety,  when  these  labors  largely  dis- 
appeared. 

The  metric  svstem  might  be  classed  as  being  orderlv,  rational, 
and  systematic,  but  the  writer  cannot  endorse  the  sentimental 
nonsense  about  its  "  beauties,"  etc.,  sometimes  expressed. 

Facility  of  enumeration  and  computation  is  not  absolutely 
inherent  in  tbe  S3"stem.  When  arithmetical  operations  are  to  be 
performed  on  quantities  devoid  of  fractions  or  qualifying  terms, 
of  course  the  arithmetical  operation  is  the  same  under  all  circum- 
stances, and  cannot  be  altered.  But  w^hen  expressions  involve 
various  fractional  divisions,  or  carry  several  quantities  bearing 
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iion-dociiiuil  relations  to  each  otlier,  as  is  usual  with  weights  and 
measures  in  our  s^^steni,  we  frequently  have  to  reduce  the  frac- 
tions to  a  decimal  expression  or  convert  them  to  fractional  forms 
bearing  common  denominators;  or  we  may  have  to  convert  tlie 
varying  units  of  dimensions  or  weights  into  a  common  imit  of 
measure,  before  we  can  satisfactorily  complete  the  required  sum- 
mation. Then  we  have  to  reverse  the  process,  and  restore  our 
gross  sum  to  the  various  units  of  measure,  to  render  them  intel- 
ligible in  our  system.  These  operations  are  especially  cumbrous 
and  laborious  when  we  are  required  to  square  or  cube  our  linear 
measures  to  obtain  measurements  of  surface  or  volume.  All 
this  interconversion  is  avoided  when  metric  units  are  dealt  with. 

Still  we  frequently  find  notable  exceptions  in  which  arithmet- 
ical operations  are  performed  with  our  quantities  with  greater 
facility  than  with  the  other.  The  a])t  use  of  favorable  fractional 
terms  by  the  skilful  computer  is  frequently  found  to  give  the 
required  result  with  greater  facility  than  by  the  use  of  decimals. 
These  are  the  exceptions  that  prove  the  rule. 

Before  wrought  iron  was  so  largely  displaced  by  steel,  by  a 
happy  chance  its  specific  gravity  was  such  that  ten  times  the  sec- 
tional area  in  square  inches  of  a  rolled  bar  exactly  equalled  its 
weight  in  pounds  per  lineal  yard.  This  was  a  fortunate  coinci- 
dence for  the  computer.  At  one  effort  he  obtained  the  sectional 
areas  and  weights,  and  he  usually  required  both.  So  useful 
was  this  that  formerly  manufacturers'  tables  gave  weights  in 
pounds  per  yard,  although  the  yard  was  never  a  common  unit  of 
measurement  in  our  shop  practice.  Latterly,  as  steel  came  into 
use,  its  specific  gravity  being  2  per  cent,  greater  than  its  prede- 
cessor, the  glory  of  the  equation  had  departed,  and  tables  were 
soon  changed  to  weight  per  foot. 

No  exactly  similar  relation  is  to  be  found  in  metric  measures: 
but,  on  the  other  hand,  analogous  examples  of  fortuitous  rela- 
tions between  terms  for  mass  and  measure  are  much  more  com- 
mon than  in  our  system.  For  example,  the  established  unit 
relation  between  the  metric  ton  and  a  cubic  metre  of  water  en- 
ables us  to  get  with  slight  effort  the  weight  of  any  mass  of  ma- 
terial whose  specific  gravity  is  known. 

Consider  briefly  the  comparison  between  the  two  systems 
when  working  drawings  are  involved,  and  find  Avhether  simplicity 
of  expression  is  not  as  apparent  as  facility  for  enumeration,  in 
favor  of  the  meti'ic  system. 
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An  old  and  lu^vor  (Muliiig'  troubles  with  our  llnojir  measures  is 
the  confusion  frequently  occurring  between  feet  and  indies.  AVo 
ran  all  I'ccall  errors  or  niisundei'standings  arising  from  the  reUic- 
tance  of  the  drauglitsmen  to  phice  a  distinct  foot  symbol  between 
tlu*  lig'ures  for  feet  and  inches.  Some  olhces  require  all  dimen- 
sions to  be  given  in  inches  alone.  The  objection  to  this  is  that  it 
imposes  labor  and  chance  of  error  in  workmanshij),  as  when 
measurements  of  several  feet  are  involved  the  workman  must 
make  the  conversion  before  he  can  make  his  measurements.  The 
best  practice  is  to  place  a  distinct  vertical  dash  for  the  foot  mark, 
and  a  horizontal  dash  to  mark  the  distinction  between  feet  and 
inches.  Counting  these  two  dashes  as  approximately  the  equiv- 
alent of  one  figure,  we  can  tabulate  the  number  of  figures  required 
to  denote  given  dimensions  by  either  system. 

As  metric  drawings,  such  as  used  for  ordinary  machine  shop 
Avork,  are  figured  in  millimetres,  the  number  of  figures  to  be 
written  is  positively  fixed  by  the  length  of  the  measurement. 

In  our  system  the  number  of  figures  is  largely  determined  by 
the  number  and  character  of  the  fractions  employed. 

Number  of  Figures -Employed. 

Approximate  Metric.  Our  System. 

Diinensions 
ill  inches. 

40  in.  to  390  in.  4  2  to  8 

4  in.  to  40  in.  3  1  to  7 

'u)  in.  to  4  in.  2  1  to  5 

Below  A  in.  1  2  to  4 

Taking  several  mechanical  drawings  at  random,  the  relative 
number  of  figures  required  by  the  two  systems  ran  as  follows: 

Number  of  Figures  Used  ox  Drawings. 

Dimensions  Metric.  Average  of  Four  Drawings, 

in  inches.  Our  System. 

Below -iV  1  2.22 

/j  to  4  2  2 .  35 

4  to  40  3  2.83 

40  to  390  4  4.05 


General  average  2.5  2 .  80 

Consider  the  relative  clearness  and  facility  for  interpretation 
of  the  drawings.  Our  usual  scale  of  reduction  down  to  1  inch 
per  foot  {j\  size),  excepting  f  inch  per  foot,  are  readily  measured 
by  the  draughtsman  or  examiner  by  the  standard  rule,  in  the 
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absence  of  the  reduction  scale,  altliongh  not  so  readily  in  general 
as  when  the  reduction  is  a  decimal  one.  ]>ut  when  the  plans  are 
drawn  to  scales  of  f  or  ^,  or,  worst  of  all,  j\  or  ^^,y  inch  per  foot, 
the  ])erplexity  begins,  and  generally  results  in  the  draughtsman 
searching  for,  or  turning  and  twisting  his  triangular  scale,  to 
find  the  measure  required.  AVhen  we  have  the  ])lans  plotted  by 
the  surve3^or  for  the  l)uilding  areas  we  propose  to  use,  and  he 
usually  has  sensible  scales,  10  feet  to  the  inch  or  desirable  mul- 
tiples thereof,  then  one's  heart  is  gladdened  at  once,  as  no  reduction 
scale  need  be  sought.  Our  pocket  rule  usually  applies  to  the 
case,  and  Ave  obtain  the  desired  dimensions  with  ease.  So  also 
with  drawings  from  metric  scales.  Most  of  these  can  be  inter- 
preted at  a  glance  by  the  standard  metric  rule,  and  any  of  them 
with  little  effort. 

It  is  frequently  asserted  that  mistakes  could  readily  occur  in 
drawings  with  metric  units  from  a  decimal  point  being  misplaced. 
With  mechanical  drawings  dimensioned  in  millimetres,  the  use 
of  a  decimal  point  would  rarely  occur.  Only  in  drawings  of 
great  precision,  or  for  \ery  minute  objects,  when  the  millimetre 
had  to  be  subdivided,  vrould  the  use  of  a  decimal  point  be  re- 
quired. When  higher  units  than  the  millimetre  were  used  on 
drawings,  decimal  points  would  be  used  as  a  matter  of  convenience ; 
but  how  easy  it  w^ould  be  to  write  all  figures  to  the  right  of  the 
decimal  point  in  small  figures,  the  same  as  we  use  for  one  of  the 
terms  of  a  fractional  quantity,  when  all  possibility  of  error  would 
disappear. 

It  is  urged  by  the  opposition  that  the  units  are  inconvenient, 
being  too  large  or  too  small  for  facility  of  application  in  the 
w^orkshop.  I  cannot  answer  this  objection,  as  a  faithful  en- 
deavor, extending  over  many  years,  has  given  no  satisfactory 
evidence  of  any  substantial  difference  between  the  practical  con- 
veniences of  the  respective  scales.  The  decimal  system  is  not 
capable  of  continuous  binary  division,  and  that  is  one  of  the  dis- 
advantages of  a  decimal  notation,  and  offers  a  good  argument 
for  those  who  propose  to  make  twelve  the  radix  of  our  system. 
A  duodeciinal  base  has  many  unquestionable  adv^antages,  if  it 
would  be  possible  to  obtain  it  without  a  revolution  of  a  sweeping 
and  destructive  character.  On  the  other  hand,  with  a  purely 
decimal  system,  the  necessity  of  binary  division  is  not  so  great 
as  it  at  first  appears.  It  practically  disappears  from  technical 
literature,  and  remains  largely  a  popular  expression,  as  exem- 
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])lili(Ml  with  our  currency  system,  witliout  any  confusion  or  in- 
consistency. 

In  the  mercantile  transactions  of  life  the  metric  system  offers 
standard  units  of  weit^ht  approxinuitin*^  about  a  ton,  2:^0  pounds, 
2|  pounds,  and  ^  pound,  the  latter  a  very  convenient  unit  for 
petty  transactions,  which  is  lackin<^  in  our  system,  as  the  ounce 
appears  to  bo  an  obscure  unit  in  the  popular  mind.  Jt  is  gen- 
erally conceded  tliat  the  system,  so  far  as  weitrlits  an^  concerned 
is  convenient  and  expressive,  its  adoption  would  not  be  attended 
with  much  ex])ense  or  confusion,  and  the  result  would  lie  a  reduc- 
tion of  friction  and  misunderstanding  both  in  internal  and  in 
international  exchanges. 

When  Ave  consider  the  difficulty  of  making  a  change  in  our 
system  of  measurements,  we  must  all  concede  that  there  Avould 
be  a  period  of  some  confusion  and  incidental  expense  during  the 
transition  period.  Undoubtedly  this  burden  wouhl  fall  largely 
on  machine  shops.  Perhaps  in  no  other  department  of  industry 
would  it  be  of  such  serious  moment,  but  even  in  the  machine 
shop  it  is  probable  that  the  immediate  necessary  outlay  would 
not  be  so  great  as  it  is  sometimes  urged.  If  all  our  tools,  gauges, 
etc.,  had  to  be  instantly  discarded  en  masse,  the  proposition 
would  be  a  very  serious  one.  It  is  not  Ijelieved,  however,  that 
any  such  procedure  would  be  necessary.  This  subject  was  fully 
discussed  by  the  recent  committee  of  the  Franklin  Institute,  and 
the  several  practical  shopmen  who  were  on  that  committee  con- 
ceded that  existino^  tools  and  f^auo^es  could  be  retained  until  thev 
were  gradually  superseded,  merely  designating  the  nominal 
dimensions  in  the  nearest  convenient  metric  units.  ^lessrs.  Lil- 
ians and  Hobinson,  of  England,  Avho  some  years  ago  adopted  the 
metric  system  of  measurements  in  their  workshops,  write:  "  Ex- 
isting tools  and  gauges  can  be  retained,  and  can  be  used  concur- 
rently with  those  designed  to  the  metric  units,  and  is  precisely 
what  we  have  done  for  the  last  ten  years  without  the  least  diffi- 
culty whatsoever,  notwithstanding  the  fact  that,  owing  to  our 
special  circumstances,  tools  and  gauges  to  English  units  are  still 
in  use,  and  that  without  creatino^  anv  confusion." 

It  is  quite  probable  tliat  any  machinist  who  would  seek  to 
make  the  chancre  would  find  that  the  cost  of  makinof  new  tools 
and  gauges  would  be  extended  over  such  a  prolonged  period  of 
time  that  the  expense  would  not  be  seriously  felt.  So  also  with 
the  tables  of  our  technical  literature.     The  works  of  French  and 
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German  en<^ineers  are  at  least  as  voluminous  as  ours,  and  we 
would  need  to  do  little  more  than  reprint  tlieir  tables. 

"We  cannot  claim  all  the  advantag*es  and  none  of  the  disadvan- 
tages for  tlie  metric  system.  Some  practical  advantages  are 
inherent  in  our  existing  methods,  and  no  one  has  expressed  these 
with  more  persuasive  force  than  our  venerable  and  esteemed 
fellow-member.  Dr.  Coleman  Sellers,  in  the  various  articles  he 
has  written  on  the  subject.  As  he  stands  among  the  Nestors 
of  our  jirofession,  his  age  and  experience  give  his  opinions  great 
weight,  and  he  has  always  been  a  tower  of  strength  to  the  oppo- 
nents of  the  system.  !N"evertheless,  I  might  most  respectfully 
observe  that  some  of  Mr.  Sellers'  arguments  are  not  altogether 
convincing.  For  example,  he  refers  to  the  practice  of  a  German 
manufacturer  of  twist  drills,  etc.,  who,  instead  of  making  a  uni- 
form progression  of  diameters,  varies  alternately  by  2  and  3  mil- 
limetres, in  order  to  keep  the  even  millimetre  dimension.  It  is 
quite  true  that  these  dimensions  would  not  be  so  readily  borne  in 
mind  as  when  the  advance  is  in  exact  arithmetical  progression; 
but  we  might  ask  what  valid  reason  is  there  why  the  dimensions 
in  question  cannot  be  advanced  by  fractions  of  a  millimetre  ? 
For  example,  10,  12|^,  15,  17|^,  20,  etc.  This  is  perfectly  consis- 
tent, and  is  no  more  trouble  to  express  than  in  the  case  of  our 
common  fractions. 

Mr.  Sellers  also  refers  to  the  convenience  of  reducing  finished 
shafting  by  j\  inch  diameter  from  the  even  rolled  dimensions. 
This  would  sound  better  to  the  mill  roller,  if  he  was  not  re- 
minded how  he  is  frequently  required  to  roll  rounds,  ^^full"  in 
diameter.  This  fulness,  which  varies  from  -^j  to  yV  ^^ch.  diame- 
ter, has  long  been  a  bugbear  to  the  roller.  Probably  as  practical 
units,  1  millimetre  of  reduction  for  small  and  2  millimetres  of 
reduction  for  medium  diameters,  would  be  about  as  close  as  we 
should  attempt  to  work  in  turning  finished  rounds  from  actual 
rolled  sizes.  It  is  very  true  that  the  apparently  small,  but  prac- 
tical, affairs  of  life,  and  those  which  concern  our  workmen, 
should  be  given  the  most  careful  consideration  in  deciding  this 
question. 

Of  course  the  predominant  argument  for  the  metric  system  is 
that  it  harmonizes  with  the  universal  notation  of  the  world,  and 
is  the  only  method  so  far  proposed  that  offers  a  promise  of  be- 
coming accepted  as  an  international  system.  This  in  itself  is  a 
most  important   consideration,   and    its   corisummation    would 
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justifv  some  sacrilicos  if  they  would  sconi  to  Ix;  nocossaiy,  l>ut  in 
iuUlitioii  to  tho  foregoiii*^  its  aclvocates  liriiily  believe  that  there 
are  several  practieal  advantages  whicli  would  attend  its  adoption. 

1.  Sinii)lieity  of  expression  and  enumeration.  The  common 
fraction  is  not  recjuired,  and  few  qualifying  symbols. 

2.  Facility  for  memorizing,  rendering  reference  to  tables 
rarely  necessary. 

3.  Com])arative  ease  of  computation,  owing  to  the  constant 
decimal  rehition  and  the  correlation  established  between  the  vari- 
ous weights  and  measures. 

4.  The  ready  measurement  of  drawings  by  the  standard  scale, 
and  little  liability  of  mistakes  in  the  interpretation  of  quantities. 

5.  Convenient  units  of  weight,  both  for  large  and  for  small 
quantities. 

0.  Units  of  length  as  convenient  as  our  own,  with  the  advan- 
tage of  havin^:  in  the  millimetre  a  more  convenient  minimum  unit 
for  scales  than  we  possess  in  our  binary  subdivisions  of  the  inch. 

As  the  matter  now  stands,  we  seem  to  be  gradually  Avorking 
toward  two  standards,  one  used  in  scientific  and  semi-scientific 
work,  and  the  other  in  the  practical  affairs  of  life.  It  might  be 
suggested  as  a  means  of  reaching  a  final  decision  that  a  commis- 
sion be  appointed  of,  say,  a  dozen  men,  three  from  the  American 
Societ}^  of  Mechanical  Engineers,  three  from  the  American 
Society  of  Civil  Engineers,  three  from  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  three  from  the  Xew 
York  Chamber  of  Commerce.  Let  these  men  be  selected  for 
their  broad  intelligence  and  freedom  from  partisan  bias.  Ee- 
quest  this  body  to  examine  the  subject  in  all  its  bearings  and 
from  every  point  of  view,  take  ample  time  to  reach  their  conclu- 
sion, and  report  the  results. 

A  decision  from  such  a  body  would  influence  the  nation  and 
its  representative  in  the  legislature,  and  would  probabl}^  settle 
the  question  for  the  next  generation. 

In  conclusion  the  writer  desires  to  express  his  opposition  to 
any  compulsory  legislation  on  the  subject,  even  if  the  measure 
appears  to  be  approved  by  a  majority  of  the  people. 

It  must  win  its  way  gradually  by  its  own  merit.  "When  it 
becomes  evident  that  the  time  is  ripe  for  it,  the  national  govern- 
ment can  inaugurate  the  system  in  its  own  departments,  whence 
it  will  soon  spread  through  the  manufactures  and  commerce  of 
the  nation. 
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M/'.  F.  A.  IlaJseij. — Is  it  not  (jueer  logic  that  usscrts  that  be- 
cause we  have  one  too  many  tons  already  that  tlierefore  we  oug-ht 
to  introduce  another — the  metric  ton.  Will  it  be  any  easier  to 
get  rid  of  the  long  ton  after  tlie  jidoption  of  the  metric  sj^stem 
tlian  now?  Will  the  confusion  that  now  exists  between  the  two 
tons  be  any  less  ainong  three  ?  The  long  ton  is  the  most  familiar 
illustration  Ave  have  of  the  persistence  of  an  old  unit,  and  its  sur- 
vival should  teach  the  metric  advocates  the  difficulty  of  getting 
rid  of  old  units.  Mr.  Christie's  easy  assumption  that  the  long 
ton  would  have  disappeared  if  it  had  been  made  illegal  is  dis- 
proven  by  Mr.  Ilenning's  citation  of  the  well  known  practice  of 
calling  2,400,  and  even  2,700  pounds,  a  ton  in  the  coal-mining 
regions,  although  that  practice  is  subject  to  a  heavy  fine. 

Mr.  Christie's  reference  to  the  persistence  of  old  units  in  Euro- 
pean textile  industries  simply  inverts  the  facts  which  show  the 
survival  of  old  units  to  be  in  the  processes  of  manufacture  by  the 
highly  trained  technical  men — not  among  the  mass  of  the  people. 
It  is  the  mass  of  the  people  who  use  the  metre  in  buying  and 
selling  their  fabrics,  and  the  technical  men  who  use  the  aune,  the 
moque  and  the  denier. 

I  have  endeavored  to  show,  paragraph  70,  that  there  is  no  par- 
allel between  a  system  of  currency  and  weights  and  measures, 
and  it  is  unnecessary  to  repeat  the  argument  here. 

I  have  explained  that  the  experience  of  Germany  in  adopting 
the  system  furnishes  no  parallel  for  us.  In  Germany,  as  in 
France  and  Spain,  the  confusion  owing  to  different  units  in  dif- 
ferent districts  and  even  towns  made  a  change  of  some  sort  im- 
perative, and  almost  any  change  was  bound  to  be  for  the  better. 
Except  for  our  two  tons,  we  have  no  such  confusion.  The  inch 
has  but  one  value  throughout  this  country. 

The  liability  of  confusion  between  feet  and  inches,  to  which 
Mr.  Christie  refers,  is  as  nothing  compared  with  the  liability  of 
confusion  due  to  the  varying  places  of  the  decimal  point  in  the 
metric  system,  as  well  as  to  mistakes  in  placing  it.  I  have  ex- 
plained that  for  any  one  purpose,  the  place  of  the  decimal  point 
must  be  fixed  and  understood,  but  this  is  not  the  case  where 
different  purposes  are  considered.  Thus,  for  machine-shop  use, 
the  unit  is  the  millimetre,  and  the  decimal  point  is  accordingly 
placed,  or  more  usually  understood  as  belonging  after  the  figure 
for  millimetres.  For  scientific  work  the  point  is  placed  after  the 
centimetres,  and  for  civil  engineerins^  work  after  the  metres — 
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or  in  lar«]:e  survevs,  I  believe,  after  the  kilometres.  A<^^ain, 
while  in  shop  work  the  unit  of  len^^th  is  the  niilliinetre,  the  unit 
of  area  is  the  square  centimetre,  with  corresponding'  diU'erenees 
in  the  place  of  the  ])oint.  Consider  the  invitation  to.error  which 
these  differences  offer.  The  unit  Intended  muat  he  diduiguislied 
in  SiWie  way,  and  there  is  a  far  greater  inherent  probability  of 
erroi*  in  the  misunderstood  or  misplaced  decimal  point  of  the 
metric  system  tluin  in  the  omission  of  the  foot  and  inch  marks 
by  a  draughtsman.  Compare  the  simple  English  ticks  to  indicate 
inches  with  the  fourteen  movement  m.m.  necessary  to  indicate 
millimetres  when  distinction  is  required. 

Mr.  Christie  has  made  a  rational  comparison  of  the  number  of 
figures  required  on  drawings — which  Mr.  Ilenning  has  not — but 
wheredoes  the  marked  superiority  come  in?  Taking  his  figures 
as  they  stand,  they  show  a  reduction  in  the  number  of  figures 
required  on  mechanical  drawings  of  between  twelve  and  thirteen 
per  cent.     This  is  certainly  whittling  things  to  a  fine  point. 

"  A  duodecimal  base  has  many  unquestionable  advantages  if  it 
would  be  possible  to  obtain  it  without  a  revolution  of  a  sweeping 
and  destructive  character."  To  that  I  cordially  subscribe,  but 
would  add  that  the  opposition  to  the  metric  system  is  based  on 
the  belief  that  it  involves  a  revolution  of  sweeping  and  destruc- 
tive character.  I  have  endeavored  to  indicate  how  destructive  it 
would  be,  and  to  this  presentation  ]\Ir.  Christie  makes  no  effort 
to  reply. 

Mr.  Christie's  paragraph  regarding  the  kilogramme  and  its  use- 
fulness in  international  exchanges  would  bear  much  elaboration, 
bat  this  Society  has  little  interest  in  other  units  than  those  of 
length. 

To  Mr.  Christie's  references  to  the  experience  of  Willans  & 
Robinson,  I  have  referred  in  replying  to  Mr.  Miller.  In  his  ref- 
erence to  the  cost  of  new  small  tools,  Mr.  Christie,  like  most  of 
the  metric  advocates,  looses  sight  of  w^hat  I  have  endeavored  to 
especially  emphasize — the  loss  of  standards  as  such.  The  chief 
cost  of  the  change  is  not  measured  by  the  cost  of  new^  tools,  but 
by  the  throwing  away  of  standards,  the  value  of  which  we  will 
not  know  until  we  lose  them.  The  value  of  shafting  and  pulley 
standards,  for  example,  lies  in  the  fact  that  by  reason  of  them 
shafting  and  pulleys  may  be  made  in  large  quantities  and  there- 
fore cheaply;  that  because  their  fitting  is  insured,  they  can  be 

made  in  advance  and  sold  from  stock  as  needed,  instead  of  being 
33 
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made  to  order  at  increased  cost  and  delay;  that  ])ulleys  can  be 
changed  about  as  needed,  and  if  thrown  out  of  use  become  again 
avaihible  for  any  shaft  of  their  size,  whenever  wanted.  Who 
would  think  of  estimating  the  value  of  shafting  standards  to  the 
country,  by  the  value  of  the  turning  and  boring  tools  and  gauges 
in  pulley  and  shafting  factories  ?  Nevertheless,  that  is  exactly 
what  Mr.  Christie  does  in  his  references  to  the  gradual  change 
of  shop  tools.  Every  reference  to  the  cost  of  new  tools  tacitly 
assumes  that  present  standards  are  to  he  abandoned. 

Mr.  Christie's  suggestion  that  we  reprint  French  and  German 
tables  is  especially  unfortunate.  A  German  table  of  the  flow  of 
water  in  pipes  is  applicable  to  German — that  is,  metric — sizes  of 
pipe  only,  and  similarly,  a  German  table  of  the  strength  of 
beams  is  applicable  to  German— that  is,  metric — sizes  o\A)\ 
These  tables  could  not  be  used  in  connection  with  our  sizes  of 
pipes  or  beams.  If  we  are  to  express  volumes  of  water  and 
loads  on  beams  in  metric  units,  and  continue  our  existing  stand- 
ards of  pipes  and  beams,  we  must  have  new  tables.  When 
our  pipes  and  beams  are  changed  to  metric  dimensions  we 
shall  need  a  third  set  of  tables,  and  during  the  transition  period 
we  shall  have  repeated  use  for  all  three  sets.  This  whole  sub- 
ject of  technical  literature  leads  to  the  most  hopeless  con- 
fusion. 

Regarding  Mr.  Christie's  experience  in  computing  tables,  I 
must  repeat  that  I  can  conceive  of  no  ordinary  engineering  cal- 
culation in  which  the  slide  rule,  as  compared  with  the  usual 
method,  leaves  enough  time  remaining  for  the  metric  system  to 
save  to  be  of  any  moment,  and  if  the  system  saved  all  that  he 
thinks  it  does,  I  cannot  conceive  how  the  saving  to  the  compara- 
tively few  who  make  calculations  can  justify  a  change  on  the 
part  of  the  people  at  large,  or  how  it  can  be  a  matter  of  any 
public  moment. 

Imagine  a  retail  merchant  to  buy  his  goods  in  metres  and  kilo- 
grams, and  to  sell  them  in  yards  and  pounds,  or  a  wholesale 
merchant  to  sell  to  some  customers  by  the  metric  and  to  others 
by  the  English  system,  or  a  manufacturer  to  make  his  goods  by 
one  sj^stem  and  to  sell  by  the  other — as  textile  mannfacturers  are 
doing  to-day  throiighoiit  metric  Europe.  One  or  all  of  these  con- 
ditions must  arise  during  the  transition  period,  and  all  would 
give  rise  to  endless  transformations  between  the  systems,  all  of 
which,  represent  so  much  added  labor.     Eefer  to  Mr.  Dale's 
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graphic  picture  of  cost  calculations  in  German  textile  mills,  |)ara- 
i^rapli  0.  The  whole  argument  for  the  saving  of  time  in  calcula- 
tions assumes  the  transition  to  be  substantially  com[)lete.  AVhile 
before  that  time  men  may  here  and  there  be  found  who  will  ex- 
perience a  slight  gain  because  the  change  in  their  occupations  is 
(^omplete,  this  will  be  many  times  offset  by  the  endless  trans- 
formations of  others,  so  that  to  the  nation  there  can  be  no  irain 
until  the  change  is  practically  complete.  And  what  will  it 
amount  to  then  ?  AVhat  fraction  of  the  time  of  the  American 
people  is  devoted  to  calculating?  There  never  was  so  small  a 
mole  hill  magnified  into  such  a  mountain. 

Mr.  Christie  has  risen  to  the  occasion  which  no  other  partici- 
pant in  this  discussion  has  done,  and  has  given  us  a  list  of  the 
advantages  which  we  are  to  gain  by  the  adoption  of  the  system. 
The  whole  lot,  taken  at  its  face  value,  is  not  worth  as  much  as 
our  pipe  thread  standards  alone,  and  Mr.  Christie,  like  the  others, 
has  failed  to  show  how  the  adoption  of  the  system  can  fail  to 
involve  the  destruction  of  all  inechanical  standards.    ' 

The  following  extracts  from  a  letter  by  Mr.  A.  M.  Mattice, 
Chief  Engineer  of  the  Westinghouse  Electric  and  Manufacturing 
Company,  give  experiences  which  relate  to  some  of  Mr.  Christie's 
claimed  points  of  superiority,  and  these  come  from  sources  w^hich 
will  command  respect: 

For  a  number  of  5'ears  I  have  had  more  or  less  occasion  to  have  drawings  made 
in  the  metric  system.  M\"  experience  has  been  that  foreign  draughtsmen  who  were 
originally  brought  up  in  the  use  of  the  metric  s\'stem,  and  later  come  to  this  coun- 
try and  worked  in  theEnglish  system,  and  have  become  as  skilled  in  the  use  of  the 
latter  as  in  the  use  of  the  former,  vdW  work  more  rapidly  on  drawings  in  English 
measures  than  on  those  where  the  metric  system  is  used.  One  of  the  reasons  for 
this  is  the  greater  ease  of  using  an  easily  sub-divided  system  like  the  English. 
Another  reason  is  the  greater  ease  of  quickly  picking  out  a  dimension  on  scales  in 
the  English  system. 

The  follo\N-ing  incident  is  of  interest  in  this  connection :  During  a  visit  to  Europe 
last  summer,  a  party  of  us  visited  the  Oerlikon  Electrical  Works  in  Switzerland. 
We  were  shown  over  their  works  by  their  chief  draughtsman,  Mr.  Leon  vonMuralt, 
who  was  for  several  years  with  the  West  inghouse  Electric  and  Manufacturing  Com- 
pany, East  Pittsburg,  Pa.,  and  is  thoroughly  acquainted  with  American  practice. 
One  of  our  party  asked  Mr.  von  Muralt  the  result  of  his  experience  in  the  English 
and  metric  systems.  He  replied  without  hesitation  that  ''  for  drawings  and  shop 
use  he  considered  the  English  system  the  more  practical,  but  for  calculations  the 
metric  system  had  the  advantage."  As  calculations  form  a  verj"^  small  part  of  an 
industrial  establishment,  and  as  the  greater  part  of  commercial  calculations  are 
nowadays  made  by  the  slide  rule  or  other  calculating  instruments,  the  advantage 
cited  by  Mr.  von  Muralt  would  not  be  appreciable. 
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I  might  mention  another  instance,  as  follows :  The  chief  engineer  of  our  French 
Comixmy  (Socidte  Anonyme  WcHtinghoiise),  Mr.  W.  E.  Reed,  was  transferred 
from  the  parent  company  to  the  French  company  about  thr(;e  years  ago.  All  the 
construction  work  of  this  company  is  necessarily  done  in  the  metric  system.  Mr. 
Reed,  is,  of  course,  thoroughly  conversant  with  the  metric  system  and  is  brought 
into  contact  with  it  hourly.  Notwithstanding  this,  Mr.  Reed  makes  all  his  cal- 
culations, except  those  in  connection  with  transformers,  in  the  English  system, 
and  simply  translates  his  final  results  into  metric  measures.  He  does  this  for  the 
reason  that  all  of  the  formulae  and  constants  which  he  uses  were  learned  in  the 
English  system,  and  it  is  easier  to  continue  the  use  of  them  than  to  relearn  them 
in  the  metric  system.  In  the  case  of  transformers,  all  the  formulae  and  constants 
which  he  uses  have  been  worked  out  by  him  since  he  joined  the  French  company, 
and  for  convenience  he  worked  them  out  in  the  metric  system.  This  case  is  an 
example  of  the  difficulty  of  attempting  to  break  loose  from  an  existing  system, 
where  the  new  system  does  not  offer  sufficient  advantages  to  induce  one  to  make  a 
change.  If,  after  three-years'  experience  in  the  metric  system,  Mr.  Reed  had 
found  that  he  could  work  more  rapidly  by  calculating  in  the  metric  system,  he 
would  undoubtedly  have  done  so. 

Another  example:  Mr.  Otto  C.  Reymann,  mechanical  engineer  of  the  same 
company,  is  a  German  and  received  his  technical  education  at  Charlottenburg  and 
Zurich,  where,  of  course,  the  only  S3'stem  of  measures  used  was  the  metric.  Mr. 
Reymann  spent  about  six  years  in  practical  work  in  this  country,  where  he  became 
accustomed  to  the  use  of  the  English  system.  He  has  now  been  with  the  French 
Westinghouse  Company  nearly  five  years,  where  he  is  daily  brought  into  contact 
with  the  metric  system.  Notwithstanding  this,  he  does  all  his  tfiinking  and  cal- 
culating in  the  English  system  and  translates  his  final  results  into  the  metric  sys- 
tem. 

Messrs.  Reed  and  Reymann  are  both  on  a  visit  to  this  country  at  the  present 
time,  and  I  have  to-day  talked  with  them  about  this  matter.  T  had  previously 
heard  that  Mr.  Reed  still  worked  in  the  English  system  and  he  has  confirmed  that 
understanding.  It  was  not  vmtil  to-day  that  I  knew  that  Mr.  Reymann  was  also 
using  the  English  system.  In  his  case  it  would  be  natural  to  suppose  that,  having 
been  brought  up  in  the  use  of  the  metric  system,  when  he  went  back  to  Europe 
he  would  have  gone  back  to  the  use  of  that  system  if  it  possessed  the  great  advan- 
tages which  are  claimed  for  it  by  its  advocates. 

In  paragraph  71  we  have  the  unfavorable  experiences  of  Mr. 
Linnard,  and  in  paragraph  72  that  of  Mr.  Hess.  The  great  savings 
of  time  in  calculation  by  the  metric  svstem  are  imaginary. 

As  regards  the  convenience  of  English  and  metric  draughts- 
men's scales,  the  experience  of  Mr.  Iless  is  also  distinctly  un- 
favorable to  the  metric  scales.     Mr.  Hess  savs: 

From  the  draughtsman's  point  of  view,  the  binary  system  is  also  decidedly  more 
convenient.  .  .  .  Actual  use  will  convince  anyone  of  the  truth  of  this,  as  it  has  me, 
who  confesses  to  having  been  very  sceptical  as  to  there  being  a  practically  notice- 
able difference  in  convenience  of  quarter  against  fifth,  and  eighth  as  against  tenth, 
scales. 
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TJio  experience  of  William  Sellers  Sc  Co.  is  the  same  as  that 
of  Mr.  Hess  (see  Tr(ini^actions,vo].  i.,  page  3S). 

Filially,  Mr.  Christie  is  not  in  favor  of  compulsory  legislation, 
but,  like  all  the  others,  he  fails  to  point  out  how  a  law  which 
retpiires  the  use  of  the  system  in  a  transaction  can  fail  to  be 
compuls(ny  on  both  parties  to  the  transaction.  Further,  such 
progress  as  has  been  made  elsewhere  has  been  due  to  comj)ulsorv 
laws.  AVith  the  record  of  that  expei'ience  before  him,  how  long 
does  Mr.  Christie  think  the  transition  period  will  last  with  us 
and  without  compulsion  ? 

Jlr.  Fred.  J,  Miller. — In  commenting  upon  this  paper  I  do  not 
propose  to  ])resent  the  argument  for  the  metric  system,^  but  sim- 
ph^  to  call  attention  to  the  fact  that  there  is  such  an  argument. 
So  far  as  the  records  of  this  Society  go,  I  believe  they  do  not 
show  that  there  is  any  argument  in  favor  of  the  metric  system. 
Every  paper  that  has  been  ])resented  upon  the  subject  has  been 
against  it,  and  the  only  committee  that  has  ever  been  appointed 
by  the  Society"  to  do  anj^thing  in  connection  with  .the  subject  of 
the  metric  system  is  composed  exclusively  of  strong  opponents 
of  the  metric  svstem — men  of  great  ability,  it  is  true,  but  mak- 
ing up  a  conmiittee  which,  by  its  constitution,  is  utterly  unable, 
and,  in  fact,  does  not  intend  to,  give  the  subject  impartial  con- 
sideration. Of  course  this  Society  is  not  organized  to  advance 
or  to  oppose  certain  proposed  reforms,  but  rather  to  get  at  and 
present  the  facts  regarding  any  question  that  may  come  before 
it,  and  in  order  to  do  that  it  must  obviously  consider  what  may 
be  said  on  both  sides.  This,  it  seems  to  me,  has  not  been  done; 
and  what  I  shall  have  to  say  will,  therefore,  be  for  the  purpose 
of  showing  that  at  least  there  is  an  argument  on  the  other  side 
Avhicli  we  ought  to  consider  before  putting  ourselves  upon  record. 

Mr.  Halsey  opens  his  paper  with  a  citation  of  the  fact  that 
scientific  and  trade  societies  are  calling  for  the  passage  of  the 
bill  now  before  Congress,  looking  to  the  partial  adoption  of  the 
metric  system  in  the  various  departments  of  the  government, 
and  he  names  several  men  who  are  well  known  engineers,  mem- 
bers of  this  Society  as  well  as  others,  avIio  favor  the  bill  and  the 
adoption  of  the  system.  Xow,  anyone  w^ho  will  take  the  trouble 
to  look  up  the  records  will  find  that  in  every  case  where  such 
societies  as  the  Western  Society  of  Engineers,  the  Franklin  Insti- 
tute, the  Engineers'  Club  of  Philadelphia,  etc.,  have  taken  action 
upon  this  question,  they  has^e  done  so  only  after  a  special  effort 
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to  bring  out  all  the  arguments  possible  on  both  sides,  and  to 
carefully  consider  those  arguments.  Does  it  not  seem  the  part 
of  Avisdom  for  this  Society  to  pursue  the  same  course — the  truly 
scientific  course — before  attemj)ting  to  decide?  Must  we  con- 
clude, as  the  author  of  the  ])apcr  would  evidently  have  us  con- 
clude, that  all  these  Avell-known  men  and  societies  are  simply 
blind,  and  that  only  he  and  others  who  oppose  the  metric  system 
can  see  ? 

History  is  full  of  examples  in  which  the  wisest  of  men  have 
become  worshippers  of  a  fetish,  and  have  firmly  believed  that 
anyone  who  presumed  to  say  a  word  against  this  fetish  ought  to 
be  ignored,  imprisoned,  or  boiled  in  oil,  depending  upon  how  far 
back  into  history  we  go  for  our  examples.  Let  us  not  be  wor- 
shippers of  any  fetish,  but  rather  let  us  follow  the  example  of 
those  other  societies  cited  by  Mr.  Halsey,  and  many  others  not 
cited  by  him — conduct  a  careful  and  impartial  investigation, 
then  decide,  by  a  full  vote  of  the  Society,  if  it  is  considered  de- 
sirable that  the  Society  should  place  itself  on  record  in  the  mat- 
ter. It  seems  to  me  the  height  of  folly  to  conclude,  vv^ithout 
examination,  that  such  men  and  societies  as  are  cited  in  the 
paper,  and  many  others  that  might  be  mentioned,  have  come  to 
conclusions  favorable  to  the  metric  system,  without  having  any 
reasons  therefor  worthy  of  consideration. 

I  pass  over  the  fact  that  gems  are  weighed  by  the  carat  in 
metric-using  countries,  and  that  expressions  both  for  and  against 
the  metric  system  may  be  extracted  from  the  famous  report  of 
John  Quinc}^  Adams,  as  being  comparatively  unimportant,  and 
will  confine  myself  to  the  consideration  of  what  people  of  to-day 
are  doing  and  thinking  about  this  question — people  who,  for  the 
most  part,  are  directly  connected  with  the  business  and  art  of 
producing  machinery. 

This  cuts  out  all  that  Mr.  Halsey  has  to  say  about  the  great 
confusion  that  exists  in  the  textile  industries  of  Europe,  which 
confusion  results  apparently  from  the  fact  that  they  do  not  use 
the  7netric  system.  All  of  what  is  said  in  the  paper  on  that  point 
seems  to  show  simply  that  Inhere  has  been  no  compulsion  with 
regard  to  the  use  of  the  metric  system  in  the  textile  industries  of 
Europe,  and  that  they  are  therefore  using  the  numerous  stand- 
ards that  were  in  use  before  the  introduction  of  the  metric  svs- 
tem.  To  say  that  this  confusion  is  caused  by  the  metric  system 
is  to  remind  one  of  what  the  boy  said  in  his  essay  upon  salt.     He 
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said,  *^  Salt  is  what  spoils  your  ])ot;itoes  when  you  don't  put  any 
oil.''  In  like  maiinor  the  metric  system  ])ro(luces  ^reat  confu- 
sion in  tiie  textile  industries  of  Euro])e  when  it  is  not  used.  Mr. 
Ilalsey's  plan  foi*  remedying  the  ])resent  deplorable  condition  of 
affairs  there  would  seem  to  be,  to  give  up  trying  to  do  anything, 
and  to  go  on  using  the  21  different  ells,  the  "picks,"  "cuts," 
'*  skeins,"  etc. 

AVe,  however,  are  more  interested  in  this  matter  as  it  ap])lies 
to  the  construction  of  machinery,  and  in  this  connection  1  beg 
to  say  that  during  the  past  15  years  we  have  received  in  the 
office  of  the  American  Machinist  many  blue  prints  made  in  the 
draugliting-rooms  of  European  machine  shops.  Not  one  of  these 
blue  prints  has  been  based  upon  an  ell  of  any  kind  or  value,  nor 
upon  an  inch  of  any  kind  or  value.  All  of  them  have  been 
figured  in  millimetres,  and,  so  far  as  I  recall,  not  one  of  them 
has  had  upon  it  a  decimal  or  other  form  of  fraction.  I  have 
spent  considerable  time  in  inspecting  and  studying  European 
machine  shops,  and  never  encountered  any  other  than  the  metric 
system  in  any  of  them.  This  is  not  to  be  despised  as  negative 
testimony,  but,  on  the  contrary,  proves,  I  think,  that  there  is  a 
practically  general,  or  almost  exclusive,  use  of  the  metric  system 
in  European  machine  shops.  And  I  think  the  conclusion  is  aj 
fair  one  that  this  system  has  come  into  use  in  European  machine 
shops  because  it  has  been  found  to  be  a  good  system  for  the  pur- 
pose; because  it  has  been  found  advantageous  to  use  it  rather 
than  any  other;  for,  as  ACr.  Halsey  has  himself  shown,  there  is 
no  effective  compulsion  about  it,  and  the  machinery  builders  of 
Europe  could  undoubtedly  have  gone  on  using  their  old  mixture 
of  standards  just  as  the  textile  men  have  done,  had  they  chosen 
to  do  so;  or,  in  other  words,  if  they  had  not  been  open-minded 
enough  to  perceive  that  the  new  system  offered  advantages  that 
made  it  worth  while  to  adopt  it. 

Were  I  a  metric  system  advocate  I  might  reply  to  much  which 
attempts  to  show  that  if  this  bill  passes  we  shall  have  to  abandon 
all  our  present  standards  for  parts  such  as  enter  into  the  construc- 
tion of  machinery.  I  most  decidedly  do  not  believe  any  such  thing ; 
but  I  pass  it  over  to  be  considered  by  others,  while  I  confine  myself 
to  the  task  of  attempting  to  show  that  it  is  at  least  w^orth  while 
for  this  Society  to  make  a  thorough  investigation  of  the  w^hole 
matter.  I  cannot  refrain  from  noticing,  however,  in  passing,  at 
paragraph  G5,  the  reference  to  the  tank  of  water  illustration, 


520  THE   iMETlUC    SYSTEM. 

which,  of  course,  is  used  by  metric  advocates  only  as  typical  and 
not  because  they  think  that  engineers  spend  most  of  their  time 
computing  the  weiglit  of  tanks  of  water.  But  since  the  author 
of  the  paper  brings  this  up,  says  it  is  contemptible,  and  that  not 
10  per  cent,  of  the  members  of  the  Society  ever  have  to  make 
such  calculations,  I  will  ask  what  percentage  of  the  members 
ever  have  to  count  ^'  picks  "  or  "  hanks  "  or  '^  cuts,"  or  compute 
yarns,  using  these  standards  together  with  some  21  different  ells 
in  finding  out  how  much  yarn  will  be  required  for  a  yard  or 
a  metre  or  an  ell  of  cloth.  If  one  illustration  is  contemptible, 
perhaps  the  other  is  at  least  equally  so.  My  own  opinion  is  that 
neither  of  them  have  much  bearing  upon  the  question  of  whether 
it  is  or  is  not  best  that  the  bill  now  before  Congress  should  pass 
into  law,  or  whether  or  not  it  Avould  be  advantageous  to  intro- 
duce the  metric  system  into  American  machine  shops. 

It  is  not  very  important  so  far  as  it  relates  to  the  question 
under  discussion,  but  should  be  noted,  perhaps,  that,  in  the 
calculation  mentioned  in  paragraph  67  of  the  paper,  only  three 
partial  products  are  required  in  squaring  2,438.  When  in 
multiplying  you  have  a  partial  product  obtained  by  multiply- 
ing the  multiplicand  by  a  number  which  is  a  factor  of  any  other 
figure  or  group  of  figures  in  the  multiplier,  it  is  necessary  only 
to  multiply  such  partial  product  by  the  other  factor.  Applying 
this  rule  to  the  case  in  point,  we  find  that  when  we  have  the 
first  two  partial  products  we  can  get  the  product  of  2,438  by  24 
simply  by  multiplying  the  first  partial  product  by  3  or  the  sec- 
ond one  by  8,  and  this  reduces  the  labor  and  the  number  of  sepa- 
rate mental  operations  by  25  per  cent. 

With  regard  to  the  problem  referred  to  in  the  letter  from  Mr. 
Hess,  quoted  at  paragraph  72  of  Mr.  Halsey's  paper,  this  aroused 
my  curiosity  a  little,  and  I  wrote  to  Mr.  Hess  for  particulars,  and 
under  date  of  October  28th  he  replies,  stating  that  the  problem 
consisted  of  converting  horse-power  consumed  in  removing  in  the 
lathe  a  given  quantity  of  iron  per  seconci,  expressed  in  cubic  centi- 
metres, into  horse-power  per  x-kilos  per  hour.  The  result  as  stated 
was  that  some  of  the  computers  got  the  decimal  point  misplaced  by 
as  man}^  as  six  places.  This  is  somewhat  curious,  and  it  seems  to 
me  morally  certain  that  if  those  computers  had  been  accustomed 
even  a  little  bit  to  computations  of  that  nature,  or  if  they  had 
possessed  only  a  little  knowledge  of  the  rate  at  which  iron  is 
removed  in  the  lathe,  and  the  horse-power  consumed  in  removing 
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it,  thoy  would  liave  bocn  able  to  make  tlie  C(^m])utation  all  the  way 
through,  disregarding  the  decimal  point  entirely,  and  could  then 
have  ])laced  it  correctly  in  the  answer  simply  by  ins])ection  and 
guided  by  their  experience  in  such  mattei's.  In  other  words,  it 
would  have  been  impossible  for  them  to  have  failed  to  notice  an 
error  which  made  the  result  either  ten  times  too  large  or  ten 
times  too  small,  as  would  have  been  caused  by  misplacing  the 
point  one  i)lace.  Does  it  not  seem  likely  that  a  com])uter  so  un- 
familiar with  the  subject  as  not  to  detect  an  error  one  hunch-ed 
thousand  times  too  large  or  one  hundred  thousand  times  too 
small,  would  have  been  about  as  likely,  in  making  such  calcula- 
tions in  our  system,  to  have  mistaken  cubic  inches  for  cubic  feet, 
linear  inches  for  linear  feet,  or  even  pounds  for  tons?  Such 
mistakes  are  not  unknown  in  our  svstem  of  measurin":  and 
weighing,  and  such  a  mistake  would  produce  a  far  less  noticeable 
error  than  to  misplace  a  decimal  point  six  places. 

The  author's  reference  to  the  slide  rule  in  an  argument  against 
a  decimal  system  is,  it  seems  to  me,  unfortunate  for  him.  Slide 
rules  are  decimal ;  made  so,  I  believe,  because  that  is  by  far  the 
more  convenient,  and  in  handling  common  fractions  by  their 
aid,  it  is  necessary  first  to  convert  the  common  fraction,  into 
decimal  fractions,  and  then  at  the  finish  convert  them  back  acrain, 
if  the  computer  thinks  he  must  have  the  answer  in  common  frac- 
tions. And  there  are  men  who,  for  some  inscrutable  reason,  seem 
to  think  that  |^f  is  more  intelligible  or  ''  more  easih^  grasped  " 
than  its  decimal  equivalent,  which,  by  the  slide  rule,  I  make  to 
be  0.655. 

In  paragraph  93  of  the  paper  the  author  says  that  we  hear  of  no 
call  from  civil  engineers  for  a  new  set  of  units  for  land  measure, 
and  he  gives  as  a  reason  for  this  the  poetical  expression  so  often 
quoted  in  his  paper,  "measures  of  length  are  tied  irrevocably  to  the 
past. "  Let  me  give  what  is,  perhaps,  a  more  definite  and  practical 
reason.  All  land  measuring  is  done  by  a  strictly  decimal  sys- 
tem. A  surveyor,  during  the  performance  of  his  work,  has  ab- 
solutely nothing  to  do  with  yards,  rods  or  acres.  He  measures 
entirely  with  a  chain  the  length  of  which  was  chosen  by  its  in- 
ventor, Gunter,  to  adapt  it  to  decimal  computations  of  areas, 
and  this  chain  is  subdivided  into  100  links,  the  object  of  this 
invention  being  to  do  the  very  thing  that  Mr.  Halsey  declares  is 
so  undesirable  to  be  done;  i.e.^  to  make  all  calculations  of  land 
areas  decmial  until  the  surveyor  comes  to  the  final  one,  which  is 
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made  to  convert  into  acres.  And  oven  here  the  fractions  of  an 
acre  are  usually,  or  at  least  often,  ex[)ressed  in  deeds  and  other 
papers  in  hundredths  or  thousandths  of  an  acre  instead  of  in 
scjuare  rods,  yards,  feet  and  fractions. 

After  (|uotin<^  the  opinion  of  Mr.  Linnard,  a  naval  architect 
of  the  l^avy  J)e])artincnt  in  favor  of  the  present  system,  Mr. 
llalsey  says,  in  paragra})!!  Yl  of  the  paper,  ^'  Such  testimony  cannot 
be  ignored.  It  is  worth  more  than  all  the  essays  and  a  jpriori 
arguments  that  can  be  written  from  now  until  doomsday."  I 
endorse  that  sentiment,  and  will  now  present  some  other  testi- 
mony of  the  same  character;  i.e.^  the  testimony  of  men  who 
have  given  the  matter  careful  study,  and  most  of  whom  have 
had  experience  in  the  use  of  the  metric  system  in  the  construc- 
tion, of  machinery.  Most  of  us  know  of  the  firm  of  Willans  & 
Robinson,  of  Rugby,  England.  Many  of  us  have  been  in  their 
establishment,  and  know  that  this  firm  is  not  likely  to  be  found 
pursuing  will-o'-the-wisps  or,  in  fact,  doing  anything  that  is  not 
strictly  practical.  ]N"o  metric  law  has  been  passed  in  England, 
and  no  one  ever  tried  to  compel  this  firm  to  adopt  the  metric 
system.  Yet  they  have  virtually  adopted  it,  voluntarily,  and 
simply  because  they  have  found  it  advantageous  to  do  so,  and  to 
continue  in  its  use.  Their  earlier  engines  were  designed  to  the 
inch  system,  and  tools  and  fixtures  were  made  for  them.  They 
still  continue  to  build  those  engines  to  that  system,  but  along 
with  them  and  in  the  same  shop  they  build  other,  later  designed 
engines,  to  the  metric  system,  and  their  testimony  is  unquali- 
fiedly in  favor  of  the  latter  system.  Captain  Sankey,  who  is  a 
director  of  the  company  named,  read  a  paper  before  the  Institute 
of  Civil  Engineers  in  1897,  in  which  he  stated  in  effect  that  with 
the  tw^o  systems  in  use  side  by  side  in  the  same  shop,  and  doing 
similar  work,  the  metric  system  was  much  the  better  liked,  both 
for  the  shop  and  for  the  draugh ting-room,  and  in  his  paper  he  went 
into  details  and  gave  the  reasons  for  the  preference  at  length. 

Testifying  before  a  parliamentary  committee  on  this  point, 
Captain  Sankey  was  asked : 

Q.  Have  you  found  any  difiiculty  with  your  workmen  in  this 
respect  ? 

A.  Absolutely  none. 

Q.  Do  they  adopt  it  and  see  the  advantages  of  the  system  ? 

A.  I  should  say  so.  In  fact,  in  connection  with  my  coming 
here  this  afternoon,  I  asked  four  or  five  of  our  men  privately 
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(not  through  the  works  inanager)  what  tliev  thought  of  it,  aiul 
tliore  was  not  a  dissentient  voice  among  them.  They  all  a^^reed 
at  once  that  the  millimetres  were  very  much  easier  to  work  to 
than  the  English  measurements. 

Q.  I  understand  you  found  your  men  had  not  the  slightest 
dilficulty  in  adapting  themselves  almost  immediately  to  the  new 
system  ? 

A.  Xot  after  the  first  few  days.  I  asked  that  very  (juestion 
of  the  head  of  our  tool-room,  and  he  said  it  was  a  little  awkward 
for  a  time.  I  said,  '^ About  how  long?"  and,  he  said,  ''Two 
days." 

The  A7nerican  Macldn'ist  has  not  asked  the  views  on  this  ques- 
tion of  men  who  merely  think  that  the  one  or  the  other  system 
is  the  better  for  the  machine  shop,  but  has  invited  statements  of 
experience  by  those  who,  in  machine  shops,  have  had  experience 
with  both  systems,  and  may  therefore  be  assumed  to  be  in  a 
position  to  speak  from  actual  knowledge.  At  page  1357  of  the 
current  volume,  Ernest  R.  Briggs,  who  is  connected  with  the 
Willans  k.  Eobinson  firm  at  Rugby,  has  a  communication  from 
which  I  quote  a  few  paragraphs  : 

Trade  is  no  longer  local;  it  is  no  longer  national,  but  it  is  international;  and 
surely  none  recognize  this  better  than  American  machine  tool  builders.  With  an 
international  trade  it  becomes  imperative  to  have  an  international  system  of 
weights  and  measures.  As  the  needs  of  trade  caused  manufacturers  to  fLx  stand- 
ards half  a  century  ago,  first  for  their  local,  and  then  their  national,  trade,  so  now 
the  same  need  is  causing  the  movement  toward  international  standards. 

Xow  jigs,  gauges,  dies,  etc.,  are  required  for  the  new  engines,  irrespective  of  the 
standard  of  measurement,  and  these  are,  of  course,  made  m  millimetres.  There  is 
no  difficulty  with  the  workman ;  he  has  a  scale  -^ith  millimetres  onlij  on  it,  and  as 
the  dra\N-ings  are  figured  only  in  millimetres,  he  must  use  it,  and  experience  shows 
that  in  half  an  hour  he  has  learned  all  he  need  learn. 

If  the  draughtsman  has  done  his  work  well,  he  has  figured  all  work  required  to  be 
worked  to  with  small  standard  gauges  in  even  millimetres,  and  a  set  of  such  gauges 
is  obtained  and  placed  in  the  tool-room  or  elsewhere,  with  the  existing  standard 
English  gauges. 

Screw  threads  are  for  the  present  kept  the  same ;  even  continental  firms  have 
not  wholh^  adopted  the  metric  screw  threads;  large  numbers  use  the  Whit  worth. 
If  we  are  content  to  use  wire  and  plate  gauges  that  cannot  be  expres.sed  under  seven 
places  of  decimals,  why  stick  at  using  Whitworth  or  Sellers  threads  on  metric 
work?  It  is  worth  while  noting  that  electrical  engineers  largely  use  the  British 
Association  standard  threads  for  small  work;  and  they  have  no  difficulty  in  using 
these  screws — based  on  the  millimetre — for  work  based  on  the  inch  measurement. 

Experience  has  proved  that  it  is  possible  to  use  the  metric  system  side  by  side 
with  the  English  system,  and  that  there  is  no  difficulty  in  even  making  parts  of  one 
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standard  fit  to  parts  of  tho  otlicr  standard,  and  so  fjjradually,  ])it  by  hit,  the  old 
series  can  be  withdrawn  and  none  but  (he  inclric  remain  in  use.  The  a(;tual  time 
takon  in  this  transfer  period  eannot,  of  course,  \h\  fixed;  it  depends  upon  purely 
local  conditions;  but  the  sliorter  the  bett(;r. 

There  will  be  little  difficulties  cropping  up  from  time  to  time  during  the  process 
of  introduction,  l)ut  these  will  grow  less  and  less  as  the  work  progresses,  and  manu- 
facturers making  complete  articles,  such  as  engines,  machine  tools,  etc.,  need  have 
no  fear  but  what  the  result  will  be  successful,  provided  the  matter  is  taken  up 
whole-heartedly. 

The  entire  article  by  Mr.  Briggs  is  well  worth  reading,  espe- 
cially when  we  remember  that  it  is  written  by  a  man  who  is  in 
the  engineering  department  of  a  works  actually  using  the  two 
systems,  and  in  this  connection  I  may  mention  the  fact  that, 
when  in  Chicago  some  years  ago,  I  found  the  M.  C.  Bullock 
Company  making  the  Willans  engines  to  the  same  drawings  as 
made  by  the  Rugby  concern.  I  asked  the  superintendent  of  the 
works  if  he  had  any  special  difficulty  in  handling  the  work  to 
the  metric  system  there  in  Chicago,  and  he  said  they  had  none 
whatever.  At  the  same  time  in  the  same  shop  they  were  build- 
ing mining  machinery  to  the  inch  system  of  measurement. 

Lord  Kelvin,  whom  most  of  us  will  be  willing  to  acknowledge 
ought  to  know  something  of  measuring,  of  weighing,  of  com- 
puting, and  of  which  is  the  best  system  for  these,  has  taken  the 
trouble  to  testify  most  emphatically  in  favor  of  the  metric  system 
before  our  own  Congressional  Committee;  and  before  a  commit- 
tee of  the  English  Parliament  he  said,  in  speaking  of  this 
question ; 

I  belie^'e  that  the  difficulty  of  making  the  change  has  been  enormously  exag- 
gerated. I  believe  that  in  a  fortnight  people  would  become  so  accustomed  to  the 
perfect  simplicity  and  easy  working  under  the  metrical  system  that  they  will  feel 
that  instead  of  its  being  a  labor  to  pass  from  one  system  to  the  other,  it  will  be 
less  than  no  labor ;  that  is  to  say,  it  would  be  a  very  great  saving  of  labor  after  the 
first  da}^  or  two  of  beginning  to  use  the  metrical  system. 

Mr.  Ilalsey  says  in  his  paper  that  our  foreign  customers  do  not 
care  a  picayune  whether  we  adopt  the  system  or  not.  I  believe 
that  is  substantially  true;  but  let  me  quote  the  opinion  of  one 
foreigner,  bearing  upon  this  matter. 

A  committee  of  the  American  Railway  Association  addressed 
a  communication  to  Mr.  L.  Weissenbruch,  secretary-general  of 
the  International  Railway  Congress  and  chief  engineer  of  the 
Belgian  State  Railways,  regarding  the  use  of  the  metric  system 
in  railway  work.     Mr.  Weissenbruch,  after  describing  some  of 


TITE   METRIC    SYSTEIM.  525 

tlioir  iiu'tlunls  ami  customs,  commcMids  tlio  ]iji|)er  of  CaptJiin 
Saukov,  wliic-h  lias  already  lu;eii  rcreiTcd  to,  jlikI  says  that  this 
fa\'orahlo  record  of  actual  experietice  is  better  than  all  tlu^oreti- 
ciil  discussion  of  the  matter.     Finally,  ho  says: 

As  so(T(>tarv-g(MU'ral  ol"  the  Kaihvay  Con«j;r('.s.s  and  i'roin  scicnlilic  interest,  I  am 
happy  to  understand  that  the  nietrie  system  luis  some  chance  of  hein^;  adopted  in 
the  Tnited  States;  but  as  a  citizen  of  Belgium  I  may  perliaps  repjret  it,  because  it 
would  jireatly  aid  the  Americans  to  compete^  with  Belgian  industries  in  countries 
to  which  they  export. 

Those  of  us  wlio  know  anvthin^:  of  the  work  of  Arthur  l>ol- 
linckx,  of  Brussels,  Eelgium,  will  agree  that  he  is  a  very  practi- 
cal man  and  a  very  successful  builder  of  Corliss  engines.  In  the 
Ainerican  2£ach'inid,  vol.  xxii.,  page  137,  Mr.  BoUinckx,  in  re- 
plying to  an  article  by  Professor  Sweet,  says: 

The  economy  of  time  realized  in  using;  the  metric  system  will  certainly  pay  for 
the  few  annoyances  caused  by  the  changes  you  will  have  to  make  in  plans. 

At  Leeds,  England,  is  tl^  large  engineering  workshop  of 
Greenwood  tfe  Batley,  which  does,  and  for  many  years  has  done, 
a  very  large  business  in  the  export  of  various  machines  and  tools 
to  Continental  Europe.  At  the  Glasgow  Engineering  Congress 
of  1001,  Mr.  Arthur  Greenwood,  of  the  firm  mentioned,  read  a 
paper  strongly  advocating  the  adoption  of  the  metric  system  by 
Great  Britain,  basing  his  reasons  for  such  advocacy  solely  upon 
commercial  and  other  strictly  practical  reasons.  He  expressed 
hhnself  as  most  decidedly  of  the  opinion  that  it  would  be  a  great 
advantage  in  his  firm's  foreign  business,  and  gave  instances  from 
actual  experience.  He  testified  also  that  in  the  tool-room  of  the 
works  at  Leeds  the  metric  caliper  gauge  had  been  in  use  for 
twenty-five  years,  and  was  as  familiar  as  the  inch  gauge,  very 
little  difficulty  being  experienced  by  or  with  the  men  in  using  it. 
In  a  Russian  euo^ineerino;  works  in  which  he  is  interested,  he  said 
both  systems  are  in  use,  and  that  little  difficulty  is  experienced 
in  their  joint  use.  At  the  new  works  just  then  completed  at 
Leeds  for  the  manufacture  of  the  De  Laval  steam  turbine,  the 
metric  standard  had  been  adopted  in  combination  with  the  Whit- 
worth  threads.  This  seems  to  have  been  done  entirely  as  a 
matter  of  free  choice,  and  for  no  other  reason  than  that  it  was 
believed  to  be  commercially  and  mechanically  advantageous. 

Most  of  us  know  of  Sir  Benjamin  Baker,  the  builder  of  the 
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great  Forth  bridge  in  Scotland.     He  says,  in  speaking  of  this 
subject: 

I  am  equally  familiar  with  both  systems,  in  consequence  of  having  carried  out 
works  abroad,  and  when  I  return  to  this  country  [England]  from  such  work  and 
experience  with  the  metric  system,  I  think  there  is  nothing  more  foolish  in  this 
world  than  our  weights  and  measures. 

Mr.  E.  "W".  Mix  served  an  apprenticeship  with,  and  for  some 
years  afterwards  was  connected  with,  the  Thomson-Houston 
Company,  at  Lynn,  Massachusetts,  and  was  then  sent  to  France 
in  their  interest.  He  is  now  the  chief  engineer  of  the  establish- 
ment in  France,  which  manufactures  for  the  French  Thomson- 
Houston  Company  (the  Societe  des  EstabSy  Pastel-  Vhiay).  As 
such  he  has,  of  course,  had  unusual  opportunities  for  testing  the 
relative  merits  of  the  two  systems  in  the  construction  of  machin- 
ery. A  gentleman  who  is  prominently  connected  with  the  Pratt 
&  Whitney  Co. ,  of  Hartford,  Connecticut,  suggested  that  I  write 
to  Mr.  Mix  for  an  expression  of  opinion,  possibly  thinking  that 
Mr.  Mix's  opinion  would  be  adverse  to  the  metric  s^^stem.  In 
reply  to  my  inquiry,  Mr.  Mix  excused  himself  from  writing  at 
length  about  it,  on  account  of  recent  illness  and  pressure  of  work, 
but  said  he  would  be  glad  to  go  into  it  at  length  if  he  could,  for, 
to  use  his  words,  "  This  is  an  interesting  subject,  and  I  am  con- 
vinced that  the  metric  system  presents  enormous  advantages  over 
the  s^^stem  in  use  in  the  United  States." 

A  few  years  ago  several  men  who  had  been  trained  exclusively 
in  American  machinery-building  establishments  went  over  to 
Berlin  to  take  various  positions  of  responsibility  with  the  firm  of 
Ludwig  Loewe  &  Co.  One  of  these  men  is  Mr.  C.  L.  Libby, 
member  of  this  Society,  a  well-known  designer  of  machine  tools, 
and  superintendent  of  the  machine-tool  department  of  the  firm 
mentioned.  Mr.  Libby  is  now  located  in  Madison,  Wisconsin, 
and  writing  from  that  place  in  August  last,  after  having  closed 
his  experience  of  about  three  years  with  the  metric  system  and 
gone  back,  perforce,  to  the  inch  system,  he  says: 

As  to  the  relative  merits  of  the  metric  and  English  S3^stems  of  measurement 
after  having  used  the  metric  system  for  four  years  in  Germany,  I  must  say  that  I 
think  it  far  superior  for  both  machine  shop  and  drawing-room. 

The  inch  is  such  a  large  unit  that  it  must  be  subdivided  in  fractional  parts,  and 
when  the  dimensions  of  a  piece  are  given  on  a  drawing  in  eighths,  sixteenths, 
thirty-seconds  and  sixty-fourths,  as  is  often  the  case,  it  becomes  difficult  for  the 
average  mechanic  to  add  them  together  correctly.     On  the  other  hand,  the  milli- 
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motro  is  so  small  a  unit  that  it  is  soldoni  nooossary  to  sulxiivido  it  into  fractional 
parts.  If  it  lu'C'onu's  noccssary  to  subdivide  tho  niilliiuctrc  it  is  always  given  in 
decimals,  and  one  can  nmltiply,  divide  or  find  the  lop^  without  first  reducing  to 
it«  equivalent  decimal,  as  one  does  with  the  fractional  parts  of  an  inch. 

I  think  a  drawing  figured  in  millimetres  is  more  convenient  and  looks  much 
better  than  wlien  tlie  inch  and  fractions  are  used,  and  I  am  of  the  opinion  that 
there  is  less  liability  to  error  on  the  part  of  the  draughtsm.ui. 

(^f  cours(^  it  takes  some  time  to  be  able  to  think  in  millimetres  and  get  a  ch'ar 
idea  of  just  how  much  a  given  measure  in  millimetres  is,  without  first  translating 
to  inches.  But  after  a  little,  and  almost  unconsciously,  one  begins  to  think  in 
millimetres  without  referring  to  the  inch. 

Associated  with  ^Ir.  Lil)])y  in  Berlin  was  ^Ir.  II.  J>.  Bartlett, 
a  well-known  and  expert  tool-maker,  designer  and  mechanician, 
who  was  for  some  years  with  the  Linotype  Company  here,  and 
afterwards  with  the  Pratt  ct  Whitney  Co.  in  their  small-tool 
department.  In  Berlin  Mr.  Bartlett  was  superintendent  of  the 
small-tool  and  gauge-makin*^  department.  Being  asked  for  an 
expression  of  opinion  upon  this  matter,  Mr.  Bartlett,  writing 
under  date  of  October  ISth  from  Berlin,  says: 

I  am  strongly  in  favor  of  the  metric  system  being  adopted  in  our  country,  but 
discussion  over  the  pros  and  cons  can  last  longer  than  that  on  the  resumption  of 
specie  payment,  and  I  think  Horace  Greely's  advice  on  the  latter  would  apply 
^'ery  well  in  the  present  case.  I  don't  believe  in  ridicule  or  even  humor  as  an 
argument;  but  when  that  becomes  necessary,  I  think  the  opponents  of  the  English 
standard  have  the  best  of  it  on  their  side. 

It  seems  to  me  that  the  Irishman  who,  given  a  two-foot  rule  with  which  to 
measure  a  piece  of  timber,  and  reported  it  being  ''  as  long  as  that  stick  ye  gi'  me, 
two  bricks  and  the  width  o'  me  hand,  barrin'  me  thumb,"  was  getting  back 
pretty  close  to  the  origin  of  our  present  standard,  or  laying  an  equally  good 
foundation  for  a  new  one. 

My  five-years'  experience  with  the  metric  system  here  has  increased  my  liking 
for  it,  which  was  pretty  well  fixed  nearly  twenty  years  ago,  after  about  two-years' 
experience  as  a  tool-maker  in  a  New"  England  factory  w^here  it  was  the  exclusive 
standard.  This  factory  afterward  went  back  to  the  inch,  but  with  decimal  sub- 
divisions— a  sort  of  involuntary  compliment  to  the  former  system.  I,  however, 
prefer  the  millimetre  as  a  unit  to  the  inch  in  shop  measurements  in  the  construc- 
tion of  machinery.  There  is  no  special  difficulty  in  learning  it,  and  one  soon  be- 
comes accustomed  to  thinking  in  millimetres  without  translating  into  inches  in 
order  to  form  an  idea  of  their  value.  My  experience  has  been  only  with  the  mil- 
limetre as  a  base  unit,  but  I  have  talked  with  many  American  mechanics  here 
^^ith  experience  on  bridge  and  shipbu^'lding  work,  who  are  unanimous  in  favor 
of  the  metric  standard.  One  especially,  an  electrical  engineer,  said,  "I  don't 
see  how  we  ever  got  along  without  it ;  and  my  only  regret  at  ha\ing  to  return  to 
the  States  is  the  English  standard  of  measurement  that  I  shall  have  to  take  up 
again. 

I  don't  think  the  question  as  to  whether  the  workman  prefers  to  work  to  the 
inch  or  not  is  of  any  importance.     In  the  average  machine  shop,  all  he  has  to 
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know  is  liow  to  count  and  wliat,  and  that  will  most  likely  bo  millimotros,  and  not 
C(!ntiinctros  and  d(!ciin(itrcs.  The  drau^htsinaii  is  the  man  who  would  have  the 
most  difliculties  in  learning  it,  and  to  the  average  one  it  would  be  recreation  of  a 
pleasant  kind;  but  I  think  the  majority  could  drop  one  and  take  up  the  other  at 
once  with  no  trouble  whatever. 

Albert  E.  Giij  was  born  in  France,  was  educated  and  worked 
there  as  a  mechanical  engineer.  Now,  and  for  some  years,  lie 
has  been  in  this  country,  and  is  at  present  the  chief  engineer  of 
the  Gas  Engine  and  Power  Company  at  Morris  Heights,  New 
York  City.  First  educated  in  the  use  of  the  metric  system,  he 
now  uses  our  inch  system  in  the  designing  of  machinery  and  the 
making  of  drawings.  Such  a  man  ought  to  be  competent  to 
express  an  opinion  as  to  the  relativ^e  merits  of  the  two  systems. 
I  asked  him  to  express  such  an  opinion,  without  knowing  what  that 
opinion  might  be.  If  there  were  any  inherent  superiority  in  the 
inch  system,  it  miight  be  supposed  that  Mr.  Guy  would  by  this 
time  have  discovered  it,  but  he  has  been  unable  to  discover  any- 
thing of  the  kind;  but,  on  the  contrary,  in  an  article  published 
at  page  97  of  the  American  Machinist,  current  volume,  he  de- 
clares his  conviction  that  the  metric  system  is  much  superior, 
and  explains  at  length  why  he  considers  it  to  be  so.  He  gives 
instances  in  engineering  work  wherein  the  metric  system  saves 
much  labor  as  compared  with  the  inch  system,  and,  speaking 
from  an  inthnate  knowledge  of  France  and  the  customs  there, 
says  that  the  exceptions  to  the  use  of  the  metric  system  there 
are  unimportant,  and  that  even  in  towns  remote  from  the  great 
centres  of  population  no  other  system  is  known  than  the  metric. 

Mr.  Francis  E.  Drake,  as  most  of  us  know,  was  born  and  has 
been  educated  in  the  United  States.  Accustomed  to  the  inch 
system,  so  far  as  I  know  he  had  no  experience  in  the  metric  sys- 
tem until  he  went  to  Paris  previous  to  the  opening  of  the  Expo- 
sition of  1900,  in  charge  of  the  American  machinery  exhibits. 
Certainly  he  was  not  prejudiced  in  favor  of  the  metric  system, 
but  his  experience  in  France,  in  installing  machinery  in  the  Paris 
Exposition,  as  a  member  of  one  the  Juries  of  Awards  in  the 
machinery  class,  and  afterward  in  reorganizing  one  of  the  most 
important  electrical  industrial  establishments  in  Germany,  has 
convinced  him  of  the  superiority  of  the  metric  system  from  a 
business  standpoint,  Mr.  Drake  professing  to  be  a  business  man 
rather  than  an  engineer.  It  happened  that  the  electrical  estab- 
lishment in  Berlin  which  he  was  called  upon  to  reorganize  was 
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l.iiilding  olectrical  niacliiiiorv  to  botli  tlio  English  and  tlie  metric 
system.  This  was  done  in  the  same  sliop,  l)y  the  sanui  (h'aughts- 
men  and  the  same  workmen,  lie  states  that  the  draughtsmen  and 
workmen,  whether  trained  originally  in  one  system  or  the  other, 
almost  uniformly  preferred  the  metric  s^^stem,  and  that  the  work 
(lid  not  cost  more  with  one  system  than  the  other,  the  fact  being 
that  the  men  received  the  same  piece-work  price  for  a  given  job, 
whether  it  were  made  to  the  metric  or  to  the  English  system, 
and  the  total  cost  of  the  work,  as  shown  by  careful  records,  was 
the  same,  no  matter  which  system  was  used.  As  a  result  of  Mr. 
Drake's  experience  in  conducting  business  with  men  located 
in  all  parts  of  Europe,  and  of  his  devotion  to  the  interests  of 
American  manufacturers,  he  declares  himself  as  being  strongly 
in  favor  of  the  metric  system  for  purely  commercial  reasons,  and 
closes  his  article  in  the  following  language: 

Looking  at  the  financial  results,  can  we  always  afford  to  force  upon  a  man  a  sack 
coat  when  he  wants  a  frock? 

I  respectfully  submit  that  such  testimony  is  not  to  be  des])ised, 
and  that  it  is  not  safe  for  us  to  disregard  it  any  more  than  it  is 
safe  for  us  to  disregard  the  claims  made  for  the  turbine  engine, 
or  a  i?ew  turret  lathe,  or  a  new  system  of  paying  wages  to  shop 
men.  American  manufacturers  do  not  want  to  be  protected 
from  new  things  because  they  are  new",  but  they  want  to  be  put 
in  possession  of  all  the  facts  and  arguments  on  both  sides,  and 
they  want  to  adopt  and  use  those  things  which  will  ]:)lace  them 
on  the  most  advantageous  footing  in  their  competition  with  the 
world. 

I  yield  to  no  one  in  point  of  interest  in  American  machine 
sho])s  and  their  continued  prosperity.  I  desire  that  as  sincerely, 
I  believe,  as  does  the  author  of  the  paper,  or  any  other  opponent 
of  the  metric  system.  In  fact,  I  do  not  stand  here  as  a  thick 
and  thin  advocate  of  the  metric  system.  I  frankly  confess  that 
there  are  strong  arguments  against  it,  especially  to  its  enforced 
introduction  into  our  American  machine  shops;  but  at  the  same 
time  it  seems  to  me  that  the  evidence  I  have  presented,  and 
much  more  that  might  be  presented,  indicates  that  at  least  there 
must  be  some  very  strong  arguments  in  favor  of  the  system,  and 
that  in  actual  use  in  the  construction  of  machinery  it  must  possess 
some  important  advantages  which  make  it  commend  itself  so 
strongly  to  men  whose  earlier  education  and  experience  has  been 
34 
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such  {IS  to  tend  to  projudico  them  agiiiiist  it — advantages  which, 
if  it  really  does  possess  them,  we  as  a  manufacturing  nation  can- 
not afford  to  neglect. 

As  to  what  Mr.  Ilalsey  says  about  the  value  of  standards  of 
length,  we  all,  of  course,  agree  with  that,  and  probably  most 
of  us  a])])reciate  it  as  well  as  any  one  can;  but  I  do  not  believe 
that  the  bill  now  before  Congress,  nor  any  bill  that  can  possibly 
be  formulated  or  enacted,  can  j^ossibly  cause  our  American 
machine  shops  to  throw  away  their  costly  special  fixtures,  gauges, 
etc.  My  belief  is  that  a  full  compliance  with  the  pending  law 
will  be  secured  when  a  machine  builder  simply  goes  on  manufac- 
turing his  machines  as  he  does  now,  and  with  precisely  the  same 
taps,  dies,  jig,  reamers,  and  all  other  tools  and  fixtures;  but 
when  a  department  of  the  Government  wants  a  machine  he  will 
probably  be  required  to  state  all  the  dimensions  given  in  the 
specifications  in  millimetres.  I  can  see  no  great  hardship  in 
that.  A  clerk  or  a  draughtsman  with  a  conversion  table  and  a 
pencil  can  do  it  for  any  machine  in  a  very  short  time,  marking 
the  metric  dimensions  upon  a  blue  print  if  required;  and  what- 
ever added  cost  of  the  machine  may  be  caused  by  this  will  be 
imposed  upon  all  bidders  alike,  and  will  inevitably  be  shown  in 
the  bids.  In  other  words,  if  the  machines  cost  materially  more 
— which  I  cannot  see  that  they  will — the  Government  will  have 
to  pay  the  added  cost.  And  in  this  connection  it  should  be  re- 
membered that  the  fact  that  metric  and  inch  dimensions  are  not 
reducible  to  precise  equivalents  is  of  no  importance,  because 
dimensions  of  machines  as  given  in  specifications  are  not  expected 
to  be  exact,  but  only  approximate.  A  man  specifies  that  the 
main  bearing  of  his  lathe  or  milling  machine  is  ^^  inches  diam- 
eter, and  then  he  grinds  it  to  some  other  diameter,  usually  a 
little  smaller  to  allow  for  lubrication;  the  allowance  varying 
with  different  builders  and  with  different  circumstances.  In 
other  words,  the  figures  of  dimensions  given  in  specifications  of 
machinery  are  understood  to  be  approximate  except  in  compara- 
tively rare  cases,  in  which  rare  cases  the  string  of  decimal  figures 
can  be  carried  out  to  give  any  degree  of  precision  that  a  Govern- 
ment engineer  may  fancy  to  be  necessary,  and  he,  with  his  gauges, 
will  never  discover  the  difference,  nor  be  able  to  do  so. 

I  do  not  believe  that  any  machine  builder  will  throw  away 
any  tools  or  fixtures  on  account  of  this  proposed  law.  He  will 
wear  them  out  building  machines,  some  of  which  machines  may 
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go  into  tlio  Government  sliops  just  as  tlu\v  do  now.  But  when 
he  conies  to  desi^^niing  an  entirely  new  machine,  lie  will,  if  he 
feels  inclined  to  do  so,  design  it  to  the  metric  system;  and  I  have 
presented  testimony  from  those  whose  experience  ought  to  enable 
them  to  know  all  about  it,  to  the  effect  that  the  draughtsmen  and 
tlie  men  in  the  shop  will  not  be  bothered  or  per])l('xed  by  that, 
l)ut,  on  the  contrary,  will  care  little  about  it,  or  will  be  pleased 
with  the  change  and  lind  it  advantageous  in  their  work. 

The  Society's  committee  has  expressed  its  opinion  that  the 
pending  bill  is  intended  to  compel  us  all  to  use  nothing  else  but 
metric  measurements  and  weights.  The  author  of  the  paper 
before  us  takes,  I  believe,  the  same  position.  Now,  I  would 
nuicli  rather  take  the  opinion  of  any  one  of  these  gentlemen  upon 
an  engineering  or  mechanical  cpiestion  than  to  take  the  opinion 
of  the  Attorney-General  of  the  United  States  uj)on  such  a  mat- 
ter, and  by  the  same  token  I  hope  I  will  be  pardoned  if  I  express 
very  much  more  confidence  in  the  opinion  of  the  Attorney- 
General  upon  a  matter  of  law  or  the  interpretation  of  law  than 
I  could  have  in  the  oj^nion  of  any  member  of  the  committee  or 
the  author  of  the  paper.  Attorney-General  Knox  has  been  for 
many  years  receiving  high  fees  from  very  large  industrial  and 
other  corporations  for  his  opinions  upon  matters  of  law.  It  has 
been  very  important  to  him  and  to  others  that  he  should  be  able 
to  understand  the  meaning  of  a  law  or  of  a  proposed  law.  He 
has  expressed  an  opinion  upon  this  law,  from  which  I  quote  as 
follows : 

The  purpose  and  effect  of  each  of  these  bills  is  to  establish  the  metric  system  as 
the  legal  standard  of  weights  and  measures  in  the  United  States,  and  to  require  all 
government  departments  to  use  only  that  system,  except  in  completing  the  survey 
of  the  public  lands.  This  comes  far  short  of  attempting  to  compel  the  people  to 
use  only  that  system,  or  prohibiting  to  them  the  use  of  any  other,  or  making 
invalid  contracts  expressed  in  other  terms.  Indeed,  as  each  bill  prohibits  to  the 
departments  the  use  of  any  other  system.  l\v  a  familiar  rule  of  con.struction  this 
will  be  taken  as  the  only  prohibition  intended,  and  it  will  end  there. 

But  a  negative  answer  to  your  question  does  not  depend  upon  a  mere  rule  of 
interpretation,  but  is  based  upon  much  broader  grounds.  The  result  referred  to — 
the  making  contracts  illegal  for  this  cause— can  l)e  accomplished,  if  at  all,  only  by 
clear  pro\-ision  to  that  effect,  and  there  is  nothing  of  that  kind  in  either  of  these 
bills,  which,  as  to  this,  merely  declares  that  a  system  different  from  that  now  in 
common  use  shall  be  the  legal  standard.  This  by  no  means  declares  that  no 
other  system  shall  be  legal  or  be  used.  It  is  both  elementary  and  fundamental 
that  a  thing  which  is  legal  and  innocent  in  itself  is  not  made  otherwise  by  making 
something  else,  even  its  opposite,  legal,  unless,  indeed,  there  be  such  incompati- 
bility that  they  cannot  coexist.     Our  present  system  has  been  always  and  is  just 


532  THE   METRIC   SYSTEM. 

Its  iiuu'li  (Ii(^  lcp;al  standard  of  weights  and  measures  as  if  it  had  been  so  declared 
by  statutes  in  the  very  langua<];e  of  tlicvsc  bills;  and  yet  there  has  never  been  a 
time  \vh(>n  a  eontraet  expressed  as  to  weight  or  measure  in  the  terms  of  the  metric 
or  other  system  would  not  have  been  just  as  valid  as  if  expressed  in  the  terms 
in  common  use.  And  so  it  would  be  under  either  of  these  bills — just  as  the  par- 
ties may  express  themselves  in  any  language  they  choose,  so  they  may  desig- 
nate weight  and  measure  in  any  language  or  by  any  system  that  expresses  their 
meaning. 

The  terms,  figures  and  characters  in  common  and  almost  universal  use  in  our 
system  of  weights  and  measures  are  just  as  much  parts  of  the  English  language  as 
is  any  other  portion  of  that  language,  and  to  forbid  to  the  people  their  use  would 
require  as  clear  an  expression  of  the  legislative  will  as  it  would  to  forbid  the  use  of 
that  language  in  other  matters,  even  if  that  would  be  effective.  It  may  well  be 
doubted  if  it  would  be  within  the  competency  of  Congress  to  forbid  to  the  people, 
for  this  or  for  any  other  legitimate  purpose,  the  use  of  this  or  any  other  portion  of 
the  language  in  which  our  Constitution,  our  laws  and  our  literature  are  written 
and  in  which  we  orally  express  our  thoughts  and  feelings.  But  however  this  may 
be,  it  is  certain  that  nothing  of  this  kind  is  done  by  the  adoption  as  the  legal  stand- 
ard of  a  system  of  weights  and  measures  different  from  that  now  in  vogue,  and 
which,  so  far  as  the  people  are  concerned,  merely  adopts  the  metric  system  as  the 
legal  standard  and  launches  it  under  government  auspices  and  recommendation 
without  any  attempt  to  compel  its  use  by  the  public  at  large.  And  specifically 
replying  to  your  general  question,  I  am  of  opinion  that  neither  of  the  bills  referred 
to,  if  enacted  into  law,  would  at  all  afTect  the  legalit}^  or  validity  of  any  contract 
thereafter  made  because  expressing  its  stipulations  as  to  weight  or  measure  in 
terms  other  than  those  of  the  metric  system. 

Respectfully, 

(Signed)       T.  C.  Knox, 

Attorney-General. 

The  Society  has  a  committee  which  was  appointed  for  the 
avowed  purpose  of  gathering  material  with  which  to  oppose  the 
metric  system.  I  suggest  that  it  would  be  better  to  have  a  com- 
mittee appointed  for  the  purpose  of  investigating  the  subject  on 
both  sides  in  a  trul}^  scientific  way,  and  reporting. 

Mr.  F.  A.  Ilalsey. — With  the  single  exception  of  the  Franklin 
Institute,  I  know  of  no  case  in  which  a  vote  on  this  subject  by 
any  society  has  been  preceded  b\^  an  inquiry  worthy  of  the  name, 
and  of  the  Franklin  Institute  committee  but  a  small  minority  are 
mechanical  men.  I  shall  have  more  respect  for  the  votes  of  civil 
engineering  societies  when  they  include  their  own  units  among 
those  Avhich  they  vote  should  be  changed. 

"  The  confusion  in  the  textile  industries  of  Europe  results  from 
the  fact  that  they  do  not  use  the  metric  system."  I  have  shown 
that  this  change  is  a  matter  of  such  difficulty  that  it  is  not  yet 
complete  even  in  France,  and  that  the  French  people  are  still  in 
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the  confusion  of  tlio  transition  ])erio(l.  Mr.  Miller  thinks  ho  can 
dismiss  this  by  his  ])otatoes  and  salt  story,  but  few  will  agree 
with  him.  It  is  diiHcult  to  believe  that  this  was  expected  to  be 
taken  seriously,  as  it  is  iuipossible  to  believe  that  the  reference  to 
the  slide?  rule  was  expected  to  be  so  taken.  The  slide  rule  mnst 
be  divided  in  accordance  with  our  system  of  notaticm.  So  Ion;*-  as 
that  system  is  based  on  10,  it  is  impossible  for  general  pur[)oses 
to  make,  or  to  use  it  if  made,  with  a  slide  rule  divided  other  than 
decimally.  AVere  our  notation  based  on  9,  11  or  13,  the  slide 
rule  would  of  necessity  be  divided  accordingly,  and  it  would  fur- 
nish just  as  good  and  just  as  worthless  an  illustration  of  the  merits 
of  those  numbers  as  bases  of  notation  that  it  now  furnishes  of  10. 

The  persistence  of  old  units  "  seems  to  show  simply  that  there 
has  been  no  compulsion."  This  is  typical  metric  logic.  Mr. 
Miller  might  as  well  say  that  because  crime  exists,  therefore  there 
are  no  laws  against  crime.  Of  course  the  facts  are  that  the  com- 
pulsory metric  laws  exist,  but  that  they  are  to  a  large  degree 
ineffective,  because  the  people  will  not  have  the  system. 

Mr.  Miller  passes  over  the  destruction  of  mechanical  standards 
"to  be  considered  by  others";  but  others,  apparently,  have 
passed  the  subject  over  to  him,  for  no  one  has  discussed  it.  This 
is  the  crux  of  the  whole  matter.  Until  someone  has  answered 
my  argument  that  the  retirement  of  the  inch  involves  the  aban- 
donment of  all  standards  based  on  the  inch,  this  paper  is  unan- 
swered and  untouched.  Mr.  Miller's  "  I  do  not  believe  any  such 
thing,"  does  not  count.  He,  of  all  men,  is  the  one  from  whom 
we  have  a  right  to  expect  a  defense  of  this  position,  but,  like  all 
the  rest,  he  fails  to  give  it. 

The  tank  of  water  illustration  is  "  typical."  It  is  nothing  of 
the  kind.  The  fact  that  the  metric  unit  of  weight  is  that  of  a 
unit  of  volume  of  water  introduces  simplicity  into  calculations 
relating  to  the  volume  and  weight  of  water,  that  exists  with  no 
other  substance.  Mr.  Miller  thinks  that  calculating  the  weight 
of  a  tank  of  water  and  the  cost  calculations  of  the  textile  industry 
(measured  by  its  number  of  employees  the  largest  single  industry 
we  have)  equally  contemptible,  but  few,  I  think,  will  agree  with 
him. 

What  right  has  Mr.  Miller  to  throw  doubts  on  the  ability  of 
the  draughtsmen  employed  by  Mr.  Hess  ?  He  thinks  them  incom- 
petent because  he  would  like  to  have  them  incompetent.  Mr. 
Hess  hnows  the  men. 
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"  Land  measures  are  not  to  be  clian<^c(l  because  they  are  divided 
decimally,"  which  is  a  tacit  admission  that  dividing  our  other 
units  decimally  would  ])lace  them  upon  an  e(|uality  with  the 
metric  units.  As  will  be  seen  presentl^^,  this  is  exactly  the  con- 
clusion to  which,  after  ten-years'  experience,  the  superintendent 
of  the  Willans  &  Robinson  works  has  come. 

There  is  nothing  in  this  paper  which  opposes  the  use  of  deci- 
mals for  the  purposes  to  which  they  are  adapted.  The  metric 
adv^ocates  labor  under  the  curious  hallucination  that  their  system 
has  acquired  an  exclusive  right  to  their  use,  and  that  one  who 
uses  decimals  in  any  way  whatever  confesses  the  superiority 
of  the  metric  system.  Decimals  were  invented  long  before  the 
origin  of  the  metric  system,  and  may  be  used  with  perfect  con- 
sistency in  connection  with  English  units.  The  basic  idea  of  the 
metric  system  is  that  no  other  divisions  shall  be  used,  and  the 
metric  advocates  are  therefore  logically  estopped  from  using 
other  divisions. 

Keferring  to  Mr.  Miller's  letters  from  those  who  have  used  the 
system  and  "like  "  it,  they  are  chiefly  remarkable  for  their  failure 
to  show  why  they  like  it — that  is,  for  failure  to  show  Avhat  is  to 
be  gained  by  the  change.  Mr.  Libby  prefers  the  millimetre  to 
the  inch  because  of  its  size;  Mr.  BoUinckx  refers  to  a  saving  of 
time  (presumably  in  calculation) ;  and  Mr.  Miller  says  that  some 
of  his  authorities,  Mr.  Green vfood,  for  example,  have  given  rea- 
sons for  their  preference  elsewhere,  but  not  in  anything  quoted 
here.  Is  it  not  remarkable  how  the  metric  advocates,  when 
pressed  for  the  reasons  for  the  faith  that  is  in  them,  fail  to  give 
anything  tangible  ?  Even  Mr.  Miller  recognizes  this  deficiency 
in  saying,  ''  It  seems  to  me  that  the  evidence  I  have  presented, 
and  much  more  that  might  be  presented,  indicates  that  at  least 
there  must  be  soine  very  strong  arguments  in  favor  of  the  sys- 
tem. "  If  I  were  to  appeal  to  a  lot  of  people  who  preferred  the 
English  system,  w^ithout  sajnng  Avhy,  and  concluded  by  saying, 
'^It  seems  to  ]ne  there  7mist  be  some  very  strong  arguments, 
etc.,"  Mr.  Miller  would  be  the  last  one  to  accept  such  testimony 
as  having  any  value,  and  so  I  must  decline  to  place  any  value 
upon  it.     It  seems  to  me  time  that  the  reasons  were  forthcoming. 

The  prominent  point  of  these  letters  relates  to  the  fact  that 
the  workmen  readily  learn  the  use  of  the  system.  Nowhere  in 
this  paper  is  there  a  word  to  indicate  that  I  doubt  this,  and  hence 
all  these  citations  answer  nothing.     In  point  of  fact,  I  do  not 
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doubt  it.  I  have  ovulence  to  show  that  metric  iiiechaiiical  judgment 
regarding  sizes  of  parts  from  the  designer's  stand])()int  is  a  mat- 
ter of  slow  growth;  hut  given  the  metric  scales  and  tools  I  liave 
no  doubt  tliat  tlie  worknu^n  in  tlic  shop  would  soon  use  tliem 
with  perfect  facility.  Those  who  imagiiui  tliis  to  be  the  chief 
(litlicultv  show  how  little  they  compreliend  tlie  sul)ject. 

So  far  as  tlie  experiences  of  Wilhms  c^^  Ilobinson  and  of  Green- 
wood &  Batley  go,  it  is  to  be  noted  that  in  neither  case  is  the 
cliange  complete  nor  the  end  in  sight,  and  tlie  experience  of 
neither  shows  how  national  standards  are  to  be  preserved.  In 
the  case  of  the  former  firm,  with  a  new  industry  having  very 
little  history  behind  it  when  the  change  was  entered  upon,  and 
with  a  declared  policy  of  change,  ten  years  of  effort  still  finds 
the  old  system  in  large  use.  AVhat  light  does  this  shed  upon  the 
length  of  time  required  for  a  general  change  by  this  country, 
with  the  indifference  of  the  public  and  the  direct  resistance  of 
many  interests  ?  What  light  does  it  shed  on  the  chipper  assur- 
ance of  the  ]netric  advocates  at  the  AVashington  hearings  that 
this  countr}^  could  make  the  change  in  from  three  to  five  years? 
These  citations  simply  show  the  fatal  ease  with  which  the  change 
may  be  begun. 

Eegarding  Mr.  Guy's  experience,  it  is  sufficient  to  say  that  he 
left  Finance  Avlien  eighteen  years  of  age.  Xot  many  of  us  have 
an  intimate  knowledge  of  the  internal  administration  of  many 
lines  of  industry  at  that  age,  and  I  must  doubt  if  Mr.  Guy's  ex- 
])erience  was  materialh^  different  from  others  in  that  respect. 
The  evidence  regarding  the  persistence  of  old  units  in  France  is 
overwhelming. 

So  far  as  these  favorable  opinions  go,  we  have  in  this  paper 
the  unfavorable  opinions  of  Mr.  Hess,  Mr.  Benet  and  Mr.  Ball, 
whose  opportunities  for  forming  conclusions  are  as  good  as  those 
of  Mr.  Miller's  correspondents.  Xote  that  Mr.  Benet  is  a 
Frenchman ;  and  the  following  is  from  another  native  of  France 
— Mr.  H.  L.  Des  Anges,  superintendent  of  the  floating  equip- 
ment of  the  Long  Island  Eailroad: 

M}^  experience  ^ith  the  metric  system  dated  from  earh-  childhood  and  first 
school  training,  when  I  had  a  thorough  knowledge  of  it.  ...  A  change 
from  the  present  S3'stem  of  measurements,  in  my  mind,  would  work  great  hardship 
on  the  general  run  of  engineers. 

In  the  reply  to  Mr.  Christie  will  be  found  the  opinions  of  a 
group  of  men  who  have  had  very  unusual  opportunities  for  ac- 
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quiring  familiarity  with  botli  systems,  and  who  have  been  unable 
to  discover  the  great  advantages  which  Mr.  Miller  thinks  must 
exist,  but  which  he  is  unable  to  point  out. 

Finally,  the  superintendent  of  the  works  of  Willans  &  Robin- 
son, Mr.  J.  E.  Shore,  writes  as  the  result  of  ten  years  of  experi- 
ence with  the  two  systems: 

Broadly  speaking,  I  do  not  rscn*  any  advantage  arising  to  tho  shops  from  the  use 
of  metric  measurements  if  the  EngUsh  inch  be  divided  into  tenths. 

Like  all  the  others,  Mr.  Miller  defends  the  proposed  law  by 
showing  how  little  it  will  do;  and,  again,  like  all  the  others,  he 
ignores  the  fact  that  compelling  its  use  by  the  government  de- 
partments compels  its  use  by  those  who  deal  with  the  depart- 
ments. Using  the  sj^stem  in  specification  jQgures  as  described 
by  Mr.  Miller,  and  then  calling  this  the  adoption  of  the  metric 
system,  appears  to  me  the  most  screaming  of  farces.  AYhat  will 
such  a  course  accomplish  ? 

Of  course  Mr.  Miller  is  entirely  mistaken  in  thinking  that  I 
regard  this  bill  as  compulsory  in  transactions  other  than  with 
the  government. 

3L\  C.  J.  II.  Woodhury. — The  convenience  of  unity  in  a  sys- 
tem of  weights  and  measures  is  such  that  it  may  be  considered 
axiomatic  that  it  would  be  preferable  if  other  things  were  equal. 
The  change  from  one  system  to  another  would  be  undoubtedly 
burdensome  in  many  particulars,  but  perhaps  not  more  so  than 
has  been  the  case  in  those  countries  which  have  adopted  the 
metric  system.  The  permissive  use  of  the  metric  system  under 
the  present  United  States  law  allows  those  who  prefer,  to  make 
use  of  it,  and  if  its  merits  are  greater  than  those  in  existence,  it 
will  in  time  prevail;  but  I  have  failed  to  receive  information  of 
any  existing  emergencies  which  require  legislation  of  compulsory 
nature  to  force  the  change,  and  believe  that  such  action  would 
not  be  desirable  until  the  metric  system  was  the  controlling  one. 
I  do  not  believe  that  the  metric  S3'stem  is  any  more  of  an  impedi- 
ment to  commerce  than  the  different  money  standards  prevailing 
in  various  countries. 

There  is,  however,  an  opportunity  for  a  unification  of  stand- 
ards for  textiles,  which  can  be  adopted  without  hardship,  and 
at  the  same  time  render  a  great  convenience  in  the  manufacture 
of  textiles,  particularly  as  at  the  present  time  man}^  of  the  fabrics 
are  composed  of  mixed  material.     The  systems  of  yarn  number- 
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iiiii'  vary  with  the  textile  materials,  and  the  diirerence  in  the 
hasis  I'enilers  the  use  of  these  variable  methods  of  numberinir 
yarn  confiisin<i^  to  anyone  en«^-a,<^e(l  in  \veavin<z;  who  is  oblif^od  to 
purchase  the  yarns  of  the  material  which  tlicy  do  not  manu- 
facture. 

An  International  Con<^ress  on  the  Unification  of  V;irn  Num- 
bering was  held  in  connection  with  the  International  Exposition 
at  Paris,  on  Se|)tember  3  and  4,  1900,  and  has  resulted  in  the 
formation  of  a  permanent  bureau,  of  which  M.  Paul  Fleury, 
0  rue  (rUzes,  Paris,  is  general  secretary.  The  proposed  system 
for  numbering  the  yarns  of  all  fibres,  excepting  reeled  silk,  is 
that  one  metre  of  the  yarn  would  weigh  one  gramme,  and  this 
could  be  changed  to  English  cotton  equivalents  by  multi])lying 
the  International  numbering  by  .59;  or,  on  the  other  hand,  the 
International  standard  could  be  changed  to  the  English  cotton 
standard  b}"  multi[)lying  the  English  niunbering  by  1.09.  AVhile 
the  results  of  this  conference  were  ultimately  adopted  by  textile 
manufacturers  in  Europe,  the  opposition  of  English  manufac- 
turers prevented  the  unanimous  ado])tion  of  the  proposed  Inter- 
national standard,  although  many  English  trade  organizations 
have  gone  on  record  as  favoring  the  same,  and  the  present 
organization  proposes  to  bring  this  u])  as  a  matter  of  diplomacy 
between  the  various  cotton  manufacturing  countries. 

The  difficulties  in  the  way  of  the  adoption  of  such  an  Inter- 
national standard  are  not  as  serious  as  those  of  other  weiirhts 
and  measures,  because  the  limitations  of  the  character  of  fibres 
render  textile  numbering  an  approximate  line  of  manufacture,  as 
the  numbers  of  varn  chano-e,  not  merely  with  the  varvin^:  char- 
acteristics  of  the  fibre  which  is  being  spun,  but  also  either  the 
drying  or  absorption  of  moisture  from  the  air;  and  it  is  a  well- 
known  fact  that  3^arns  that  are  on  sale  are  brought  to  the  exact 
number  by  drying  or  b}^  storage  in  damp  cellars.  In  manufac- 
turing companies,  if  a  mill  wished  to  spin  Xo.  60  on  English 
standard,  this  would  be  the  equivalent  of  102  on  the  Inter- 
national standard. 

The  report  of  this  Congress  was  translated  for  the  l^ew  Eng- 
land Cotton  Manufacturers'  Association,  and  is  contained  in 
vol.  Ixx.  of  the  Transactions,  beginning  on  page  257. 

Mr.  ir.  ir.  Crash  f/. — Mr.  Halsey  devotes  considerable  attention 
to  the  textile  industries,  the  subject-matter  being  supplied  from 
an  outside  source.     This  Society,  while  interested  in  all  engi- 
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neering  subjects,  cannot  go  into  the  detail  of  measuring  yarns 
and  fabrics  with  such  interest  as  would  the  New  England  Cotton 
]\[anufacturers'  Association  or  the  National  Association  of  Wool 
Manufacturers;  but  as  the  subject  is  introduced,  it  is  not  alto- 
gether out  of  place  to  bring  in  some  side  lights. 

The  writer  lias  been  connected  Avith  the  Lowell  Textile  School 
at  Lowell,  Massachusetts,  for  nearly  six  years,  as  instructor  and 
principal,  and  has  had  intimate  connection  with  many  mills  and 
manufacturers  during  that  time.  The  problems  connected  with 
the  textile  industries  have  been  studied  at  close  range  by  a  corps 
of  instructors  who  are  specialists,  each  in  his  line,  not  merely 
from  a  theoretical  standpoint,  but  from  that  of  actual  practice, 
and  mill  experience  as  well;  nor  has  that  experience  been  drawn 
from  an  isolated  locality,  but  from  north  and  south,  from  our 
side  of  the  Atlantic  and  across  the  water.  The  school  is  pro- 
vided with  a  complete  outfit  of  machinery  for  cleaning  the  fibre, 
spinning  the  yarn,  weaving,  dyeing  and  finishing  the  fabric;  the 
work  hitherto  has  been  carried  on  in  rented  quarters,  but  we  are 
now  moving  to  a  plant  of  our  own,  embracing  eight  acres  of 
land  and  over  92,000  feet  of  floor  space.  The  development  of 
the  courses  of  study  to  keep  pace  with  all  this  material  growth 
has  necessitated  the  most  careful  scrutiny,  that  the  component 
parts  should  be  sound,  and  that  no  energ}^  should  be  wasted,  but 
that  all  should  tend  tow^ard  the  accomplishment  of  the  greatest 
amount  in  the  shortest  time.  No  one  detail  has  stood  out  more 
prominently  than  the  incongruity  of  measurements,  and  the 
amount  of  time  spent  in  dreary  transformations  of  units;  for 
instance : 

No.  1  cotton  yarn  contains  840  yards  per  pound 

No.  1  worsted    "  "     560       "       " 

No.  1  woollen    "  "  1,600       "  " 

if  on  the  run  system,  300  yards  if  on  the  cut  system. 

Then  there  are  grain  systems,  dram  systems,  and  many  others; 
but  I  name  only  these  now,  for  I  shall  quote  later  an  article  with 
all  these  details  in  full.  It  is  not  difficult  to  see,  however,  if  you 
wish  to  use  a  worsted  face  with  woollen  backing  and  perhaps  cot- 
ton binders,  that  there  is  a  waste  of  time  in  reducing  the  units 
to  a  common  denominator,  and  a  much  increased  opportunity  for 
mistakes  to  enter  and  errors  to  be  made. 

When  all  questions  of  antipathy  and  personal  temporary  incon- 
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venicnce  arc  left  out  of  account,  and  the  true  cnfj^inoorin<^  side  of 
the  case  taken  up,  there  is  never  any  hesitancy  in  discardin*^  the 
indirect,  coni[)licated  and  possibly  anibi<^uous  method  for  that 
which  arrives  at  a  result  in  a  cleau-cut,  if  novel,  method,  though 
the  latter  ma}^  necessitate  at  the  outset  some  extra  mental  stimu- 
lus; no  manufacturer  hesitates  to  throw  into  the  scrap  hea])  an 
otherwise  good  machine,  when  one  which  is  capa])l(i  of  better 
Avork  comes  into  the  market  and  can  show  a  greater  return  on 
the  investment. 

AVhatever  the  experience  of  other  nations  in  endeavoring  to 
emerge  from  the  dark ^ ages  of  uncertain  measures,  the  fact  re- 
mains that  there  was  a  situation  which  for  them  "was  bad,  and 
they  sought  relief.  If  Ave  can  learn  lessons  from  their  experi- 
ence, well  and  good ;  but  we  surely  cannot  allow  our  eyes  to  be 
blinded  to  the  main  issue  by  any  fog  of  '^  hodgepodgeisms  "  due 
to  attem[)ts  to  correct  a  part  of  an  evil  without  the  power  to 
make  the  movement  complete.  By  this  I  mean  that  the  best 
sort  of  an  argument  for  the  unification  of  yarn  numbei-s  is  found 
in  the  cjuotation  from  the  Tejctlle  World  article  (October,  1902), 
where  it  starts  out  by  saying  that  the  raw  material  was  pur- 
chased by  the  Englisli  i?ound.  The  trade  in  Germany  needed 
the  English  yarns,  and  had  to  take  them  as  furnished  in  English 
counts ;  the  intermediate  calculations  were  made  metrically,  and 
there  w^as  excellent  opportunity  for  a  confusion  of  units  in  the 
calculations.  The  quotation  from  the  Lowell  Textile  Journal  to 
folloAV  will  show  how  ridiculously  simple  all  ordinary  calcula- 
tions for  fabrics  become  Avhen  made  consistently  metrically. 
The  Germans  attempted  to  move  a  part  Avithout  being  able  to 
move  the  Avhole  of  their  system;  for  the  English,  who  made  the 
yarns,  were  not  easily  stirred.  But  they  are  stirring  now,  as  I 
shall  shoAv  later,  and  our  own  manufacturers  are  stirring.  The 
Xew  England  Cotton  Manufacturers'  Association  is  on  record  as 
favoring  the  International  standard  (the  basis  is  the  metric  system : 
1,000  metres,  weighing  1  kilogramme,  being  Xo.  1;  2,000  metres, 
weighing  1  kilogramme,  being  Xo.  2)  for  numbering  yarns, 
and  I  know  many  prominent  Avoollen  and  worsted  manufacturers 
who  are  heartily  in  favor  of  it.  The  trustees  of  the  Lowell  Tex- 
tile School  have  made  this  the  standard  system  for  the  school, 
even  though  we  have  to  teach  the  relations  of  the  pound,  yard, 
etc.  Here  I  quote  from  the  Lowell  Textile  Journal  an  article 
written   by   Fenwick    Umpleby,    Head    Instructor    in    Textile 
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Design  ut  the  LoAvell  Textile  School,  and  I.  Walwin  Barr,  his 
assistant. 

Tn  a  ro('(Mit  issuo  of  a  current  textile  maj^aziiie  an  article  appeared,  written  by 
tlie  editor,  setting  forth  tlie  relati\'e  achantages  and  disadvantages  of  the  metric 
and  English  sj'stems,  to  the  detriment  of  the  former  system.  Believing  firmly 
tiiat  a  new  system  is  necessary,  and  that  the  metric  systein  has  so  many  points  of 
superiority  as  to  make  its  use  desiral)lc,  the  following  article  was  written  in  its 
support  as  an  answer  to  the  other  article. 

The  subject  chosen  was  "  Cloth  Analysis  by  English  and  Metric  Systems,"  and 
the  comparison  was  so  carried  out  as  to  disprove  the  con^'enience  and  utility  of  the 
latter  system.  In  the  first  place  the  writer  chose  a  die  for  cutting  the  English 
sample,  with  dimensions  of  1.8  inches  wide  by  2.4  irft-hes  long.  This  use  of  deci- 
mals is  an  acknowledgment  of  their  convenience  not  consistent  with  the  argu- 
ment, which  is,  English  system  against  decimals  or  metric  system.  [No!  Deci- 
mals were  not  invented  to  go  with  the  metric  system.  Any  one  may  use  them. — 
F.  A.  H.]  That  these  dimensions  were  not  taken  at  random,  however,  will  be 
clearly  seen  when  the  method  of  figuring  is  anal3^zed  further.  When  multiplied 
together  they  give  an  area  of  4.32  square  inches,  equivalent  to  one  inch  wide  by 
4.32  inches  long,  giving  the  straight  line  system,  and  4.32  is  a  number  in  constant 
use  in  the  cotton  and  spun  silk  trade,  representing,  as  it  does,  the  number  of 
inches  to  the  grain  of  No.  1  yarn,  the  standard  number  of  yards  being  840. 

840  X  36  =  30,240  in.  per  lb.  h-  7,000  grs.  per  lb.  =  4.32  in.  per  gr. 

From  this  point  it  is  easy  to  see  that  the  number  of  warp  threads  per  inch  of  any 
one  kind,  di^■ided  by  their  weight  in  grains  of  that  warp  3'arn  in  the  sample,  will 
give  the  counts  of  the  yarn,  as  each  thread  is  4.32  long. 

Ordinarily  the  formula  would  be : 

Inches  of  yarn  x  7,000 


840  yds.  X  36  in.  x  weight  of  yarn 
Or 

Threads  per  inch  x  length  x  7,000 

840  X  36  X  weight  of  above  yarn 
The  example  given,  cairiad  out  under  this  formula  would  read  : 

81 X  ^.32  X  m^ 


m  X  m  X  1.8 


=  17.22, 


thus  showing  that  w^hen  cancelled  out  the  only  quantities  left  are  the  threads  per 
inch  in  the  dividend  and  the  weight  in  the  divisor;  therefore,  with  the  die  of  the 
dimensions  given,  the  threads  per  inch  of  any  kind  of  yarn  divided  by  the  weight 
of  that  kind  of  yarn  in  the  sample  will  give  the  counts. 

That  this  method  is  a  very  direct  and  satisfactory  one  cannot  be  gainsaid,  but 
it  must  be  conceded  that  there  is  first  a  considerable  number  of  figures  employed 
in  w^orking  out  the  constant,  and  that  even  then  this  constant  applies  only  to  cot- 
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toil  and  spun  silk  yarns,  and  whon  tho  dio  constnu'tod  from  it  as  a  basis  is  iisnd 
with  fabrics  c'v)nipos(Hl  of  othor  materials,  tlie  answers  are  f:;iven  in  cotton  connts, 
wliich  nuist  be  converted  into  the  system  of  mnnbering  under  which  that  material 
may  be  classed.  With  w^orstod  this  is  very  simjiie,  because  the  cotton  standard 
number,  SIO,  is  just  one-half  s^reatcr  than  the  worste<l  standard  mnnber.  .•'>(»(),  and 
conse(iuently  tlu>  worsted  count  is  just,  one-half  greater;  therefore  addinjj;  to  tlu; 
answer  obtained  from  the  formula  one-half  of  itself  would  fjixc  the  worsted  count. 
When  transferriufi;  the  counts  to  woollen,  they  would  first  Ix;  multiplied  by  .S4(), 
and  then  dixiiled  by  tlic  yards  per  pound  of  ono,  run,  cut,  skein,  or  whatever 
system  may  be  in  use,  about  which  systems  more  will  be  written  later. 
The  first  formula  given  workcnl  out  to  a  constant  is: 

Inches  of  yarn  x  7,000 
840  yds.  X  36  in.  x  weight  of  yarn 
Or 

7,000  grs. 

840  X  36  =  -2^^^  ^''-  P^^  '''■ 

Inches  of  yarn  x  .2314 
weight  of  yarn 

and  this  is  in  use  regularly  for  figuring  the  counts  of  cotton  yarn  from  a  certain 
number  of  inches  and  their  weight. 

Again  there  is  a  considerable  number  of  figures  required  to  work  out  the  con- 
stant, as  in  working  out  the  other  constant,  for  which  the  writer  referred  to  gave 
no  credit  in  his  article.  In  figuring  for  comparison,  nothing  should  be  omitted  to 
the  detriment  of  either  metric  or  English  system,  because  2  and  2  are  4,  no  matter 
under  what  system.  We  agree  with  "Is  it  worth  while"  as  to  the  size  of  a  die  to 
be  used,  in  that  a  die  2  inches  square  will  give  more  uniform  results  than  a  die  1 
inch  square,  and  never  knew  of  a  smaller  die  than  the  latter  being  used  for  any 
practical  textile  calculations. 

The  writer  also  states  that  it  is  a  fact  "  that  a  distance  approximating  the  Eng- 
lish inch  is  best  suited  for  gauging  the  set  of  most  woollen  and  cotton  fabrics."  If 
so,  then  25  millimetres  will  more  nearly  approach  the  distance  named  than  3  cen- 
timetres, which  he  uses;  but  we  think  5  centimetres  to  be  still  better  as  a  measure- 
ment. He  states  that  a  die  should  be  used  to  cut  the  samples  having  an  area 
of  about  4  square  inches,  "  because  this  is  a  size  not  so  large  as  to  make  the  un- 
ravelling of  the  threads  unnecessarily  laborious,  nor  so  small  as  to  make  error 
probable."  A  metric  die  was  used,  40  millimetres  by  50  millimetres,  giving  an 
area  of  2,000  square  millimetres,  or  20  square  centimetres,  an  area  a  little  less 
than  4  square  inches.  We  have  used  a  die  5  centimetres  square,  giving  an  area  25 
square  centimetres,  this  too  being  slighth^  less  than  4  square  inches;  but  its  use 
proves  that  it  will  give  good  results,  wdth  the  following  formula  as  the  method  of 
use: 

Threads  in  sample  x  5  (cm.  long) 
Weight  in  centigrammes 

The  sample  would  be  cut  with  the  die,  then  ravelled  out,  and  the  number  of 
threads  of  each  different  kind  counted  and  weighed.     Then  the  number  of  threads 
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nuiUipliccl  b.y  5  centimetres,  the  len<2;tli  of  ea('li  thread,  will  give  the  total  length 
of  the  thread  in  centimetres,  and  dividing  this  by  the  weight  in  centigrammes  will 
givethe  counts.  This  in  itself  is  as  siirij^le  as  the  straight  line  system,  and  without 
any  special  effort  to  make  a  die  which  will  ht  the  fabric. 

At  one  point  it  is  stated,  "  We  have  previously  discovered  that  neither  the 
]''rench  centimetre  nor  the  decimetre  is  suited  for  gauging  the  "set"  of  textile 
fabrics,  and  now  find  that  the  use  of  the  metric  system  givers  us  an  area  too  small 
for  the  detenninalion  of  yarn  sizes  with  an  accuracy  sufficient  for  mill  work." 
This  statement  is  absurd  on  the  face  of  it,  because  the  area  is  no  more  limited 
when  measured  by  a  metric  rule  than  by  an  English  rule.  Granting  that  the  cen- 
timetre is  too  short  a  space  to  use  for  measuring  the  set,  we  fail  to  see  why  a  deci- 
metre is  not  well  suited  for  that  purpose ;  or,  if  it  is  considered  too  long,  there 
are  plenty  of  subdivisions  which  can  be  used,  the  5  centimetres  as  given  above 
answering  the  purpose  in  every  way.  A  glance  at  the  accompanying  cuts  will 
give  the  reader  an  idea  as  to  how  little  actual  difference  there  is  between  a  die  1 
inch  square  and  a  die  25  millimetres  square,  or  between  a  die  2  inches  square  and 
one  5  centimetres  square. 

Personally,  we  favor  a  square  die,  using  that  die  as  a  measurement  for  the  set  by 
picking  out  and  counting  the  threads  stamped  out  by  it,  rather  than  using  a  die 
which  fits  one  fabric  (but  not  others),  and  then  counting  the  threads  to  a  certain 
space  in  the  cloth,  and  using  in  combination  with  the  total  length  and  weight 
formed  in  the  sample.  The  metric  sample,  as  before  mentioned,  was  40  milli- 
metres by  50  millimetres,  and  gave  an  area  of  2,000  square  millimetres  equivalent, 
2  centimetres  wide  by  10  centimetres  long.  Then  figuring  from  the  data  which 
was  formed,  as  follows:  for  worsted,  74  threads  per  3  centimetres, , the  worsted 
warp  in  the  sample  weighing  20  centigrammes. 

Then  with  74  threads  per  3  centimetres  by  10  centimetres  long  would  be  740  cen- 
timetres by  §  for  2  centimetres  =  493  centimetres  of  worsted  in  the  metric  sample, 
and  dividing  493  by  20  gives  24.65,  or  25  as  the  metric  counts  of  the  worsted.  Of 
course,  in  figuring  the  cotton  warp  and  the  filling  the  same  method  is  used. 

To  find  the  weight  of  a  yard  of  cloth  in  ounces  a  constant  has  again  been  used, 
and  no  credit  given  for  the  figures  necessary  to  produce  it,  which  are  shown  in  the 
formula : 

55|  in.  X  36  in.  the  weight  of  sample 

432  in.  X  437.5  (grs.  per  oz.) 

This  formula  worked  out  gives  1.05  x  weight  of  sample  =  weight  per  yard. 

The  constant  1.05  is  for  one  width  only,  55 1  inches,  the  statement  being  made 
that  the  constant  is  worked  out  once  for  each  width  and  stamped  upon  the  side  of 
the  die.  If  the  constants  were  worked  out  for  each  width  from  20  inches  to  60 
inches  by  eighths  of  an  inch,  there  would  be  no  less  than  320  constants,  which  would 
require  the  side  of  a  die  a  foot  square  to  hold  them.  In  figuring  out  any  ploth  by 
the  use  of  constants  a  certain  allowance  should  be  made  for  the  figures  required  to 
produce  them,  if  a  just  comparison  is  to  result. 

For  finding  the  metric  weight  per  metre  of  cloth  no  constant  is  necessary.  The 
sample,  containing  an  area  equivalent  to  2  centimetres  wide  x  10  centimetres,  or 
one  decimetre  long,  weighs  62  centigrammes,  or  31  centigrammes  per  centimetre 
wide  for  each  decimetre  in  length.  For  the  metre  length  the  cloth  would  weigh  31 
decigrammes  per  centimetre  in  width,  and  as  the  cloth  is  14  decimetres,  or  140 
centimetres  wide,  the  weight  is  31  decigrammes  multiplied  by  140  centimetres, 
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pivin^  l,.i  10  (l<M'ijJcramin('s  pvr  mctn-  of  clotli.  Ucduciiit^  tlic  (h^cif^niinnu'S  to 
jinuninrs  l»y  iK)intin«j;  olT  oi»r  place  f^ivrs  as  an  answer  434  grammes  per  metre 
of  eloth. 

It  is  hard  to  aet>  wlicri'in  the  nu'lric  system  would  suffer  at  all  in  the  eoniparison 
if  due  credit  had  been  given  at  proper  points  for  figures  when;  oidy  results  are 
shown. 

'i'he  article  then  goes  on  to  say  that  tlie  English  system  is  a  natural  system 
based  on  the  dimensions  of  tiie  body,  the  height,  size  of  hand  and  foot.  When 
were  there  ever  two  human  beings  of  the  same  dimensions?  How  then,  <-()uId  they 
be  standardized?  As  for  coming  from  the  dim  past,  one  could  easily  believe  that. 
Many  superstitions  were  handed  tlown  from  the  dim  past,  w'hich  had  cfiually 
g(wd  reasons  for  existing,  but  which  liave  long  since  been  discarded. 
.\nd  as  for  fiuoting  the  opinion  of  John  Quincy  Adams,  the  gentleman 
had  the  reputation  of  being  a  brilliant  mathematician,  but  we  fail  to  see 
why  an  opinion  expressed  early  in  the  last  century  is  at  all  acceptable  in  a  dis- 
cussion of  present-day  affairs  in  matters  such  as  is  under  discussion,  or  any  others. 

In  another  paragraph  reading  partially  as  follows,  "  We  may  be  able  to  simplify 
our  English  textile  stantlards,  to  apply  to  them  the  decimal  divisions  to  a  greater 
extent  than  at  present,  to  find  simpler  and  more  direct  methods  of  calculation  than 
any  now  used,"  the  writer  practically  admits  the  need  of  a  new  standard,  and  sug- 
gests that  decimals  be  applied  to  the  English  system.  No  standard  is  as  simple 
as  the  metric,  and  how^  immeasurably  superior  is  a  true  decimal  sj'stem  to  a 
hashed-up  English  system  with  decimal  divisions. 

A  few  remarks  as  to  the  systems  in  use  in  America  at  the  present  time  would  not 
come  amiss  at  this  point.  For  cotton,  probably  840  yards  is  the  generally  ac- 
cepted standard  number  of  yards  per  pound  for  No.  1 ,  and  for  worsted  560.  For 
linen,  jute  and  ramie  fibre,  300  yards  p?r  pound  for  No.  I's  are  used.  For  spun 
silk,  840  is  used.  For  raw  silk,  three  different  systems  are  used :  the  tram  silk 
system,  20,000  yards  weighing  one  ounce,  is  No.  1 ;  20,000  yards  weighing  two 
ounces  is  No.  2,  etc.  The  dram  system,  1,000  yards  per  dram,  16,000  yards  per 
ouni'e,  or  256,000  yards  per  pound,  equal  No.  1,  and  1,000  yards  weighing  two 
drams  being  2  dram  silk,  etc.  Then  the  denier  system,  where  400  French  ells  = 
476  metres  =  520  yards,  is  used  as  a  standard  measurement,  and  whatever  the 
weight  in  deniers,  that  number  is  the  counts.  1  ounce  =  533.33  deniers.  When  we 
come  to  the  woollen  systems,  there  we  find  our  "  ungodly  disorder."  According  to 
the  location  or  to  the  personal  preferences  of  those  in  control,  the  various  sj'^stems 
used  are,  1,600  3'ards  per  pound  for  1  run  woollen,  300  yards  per  pound  for  1  cut 
woollen,  256  yards  per  pound  for  1  skein  woollen,  240  yards  per  pound  for  1  hank 
woollen;  and  another  system,  where  the  weight  in  grains  of  20  yards  is  taken  as  the 
counts,  i.e.  if  20  yards  weigh  1  grain  it  is  No.  1 ;  if  20  yards  weigh  2  grains  it  is 
No.  2,  etc.  Here,  then,  is  ample  proof  of  "  ungodly  disorder"  in  our  own  country, 
there  being  no  need  to  look  across  to  Europe  to  find  such.  Here  are  12  different 
systems  in  use:  1  for  cotton,  1  for  worsted,  4  for  silk,  1  for  jute,  linen  and  ramie 
fibre,  and  5  for  woollen,  where  one  system  more  simple  in  every  way  could  and 
should  be  used  instead.  All  this,  if  allowed  to,  -^iil  continue  in  the  same  old  wav ; 
but  legislation  could  make  a  wonderful  change  for  the  better.  If,  in  all  public 
business,  all  imports  and  exports,  duties,  etc.,  the  use  of  the  metric  system 
were  to  be  made  compulsory,  the  change  would  come  gradually  and  naturally.  We 
do  not  advocate  sudden  change  or  complete  turnover,  as  it  were,  but  if  the  chil- 
dren at  present  in  school  were  taught  thoroughly  to  use  the  metric  system — in 
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fact,  to  think  in  the  metric  system — wlien  they  cam(>  to  do  the  Imsinessof  the 
nation  the  coniplete  ('hano;e  could  he  made  to  th(;  histing  benefit  of  all. 

One  of  tiie  writers  of  this  Jirticle  has  had  a  wide  range  of  experience  in  England, 
Canada  and  the  United  States,  and  is  well  informed  from  personal  experience  as 
to  the  state  of  confusion  resultinji;  from  the  use  of  so  many  systems.  A  short  time 
ag;o  while  engaged  in  conversation  with  a  designer  from  Europe,  where  we  are  told 
things  are  all  mixed  up,  he  said  he  could  not  understand  why  a  nation  like  the 
United  States,  so  progressive  in  other  ways,  should  be  so  far  behind  as  to  be  using 
skeins,  hanks,  cuts,  runs,  and  the  grain  system  for  numbering  yarn  made  from  one 
material. 

SAMPLE    OF    MIXED    SUITING. 


Width  3U  inches. 

96  threads  per  inch. 

48  picks  per  inch. 

Dressed  1  Face  1  Back 

System  of  Warp  (Face),  Black  Cotton    6 

Slate  Worsted  2 
Blue  Worsted  2 


S3'stem  of  Warp  (Back), 


6 

2  2  2 

2 


Black  Cotton    6  2  6  2 
Slate    Cotton  2  2  2  2 


=  12 
=  8 
=     4 

~24 

=   16 

=     8 

"24 


48  threads  in  pattern  x  63  patterns 
Face  warp  2-30  Black  Cotton. 
Face  warp  2-44  Slate  Worsted. 
Face  w^arp  2-44  Blue  Worsted. 
Back  warp  1-15  Black  Cotton. 
Back  warp  1-15  Slate  Cotton. 
Filling  in  4-run  Black  Woolen. 


3,024  threads. 


STRAIGHT    FIGURING   WITHOUT   ANY    CANCELLATIONS. 


2-30  Black  Cotton        756  x  16  - 

-  15  X  840  =     .9595  oz. 

2-44  Slate  Worsted      378  x  16  - 

-  22  X  560  =     .4909  oz. 

2-44  Blue  Worsted       378  x  16  - 

-  22  X  560  =    .4909  oz. 

1-15  Black  Cotton     1,008  x  16  - 

■:-  15  X  840  =  1.28      oz. 

1-15  Slate  Cotton         504  x  19  - 

-  15  X  840  —     .64      oz. 

4-nm  Black  Woolen  31.5  in. x  48  - 

1-  4  run       z=  3.78      oz. 

.6413  oz. 


THE  ABOVE  FABRIC  FIGURED  BY  THE  METRIC  SYSTEM  WITHOUT  ANY  CANCELLATIONS. 


8  dm  wide. 

378  threads  per  dm. 

189  picks  per  dm. 
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(Metric)  Face  warp  2-00  Black  Cotton. 
Face  warp  2-50  Slat*^  Worsted. 
Face  warp  2-50  l^lue  Worsted. 
Back  war|)  1-25  Black  (\jttoii. 
Back  warp  1-25  Slate  Woolen. 
Fill  in  2  1:5  Woolen 

378  X  8-302-1  x  1  metre  _ 
25  counts 
189  pks  X  Sx  1  116.30  frni. 


120.90  pm. 


13  counts  237.20  gnu 

DET.VIL    HEQIIIJEMEXTS. 

Weight  of  material  for  1  metre  of  warp. 

Face  Black  cotton  756  -r-  25  =  30.24  grammes. 
Face  Slate  cotton  378  -i-  25  =  15.12  grammes. 
Face  l^lue  cotton  378  -f-  25  =  15.12  grammes. 
Back  Black  cotton  1008  -f-  25  =  40.32  grammes. 
Back  Slate  cotton  504  =  23  =  20.16  grammes. 
Filling  189  X  8  x  10  -^13  =  116.30 

237.20 

1  Metre  =  39.37  in.  and  weighs  237.26  grammes  -i- 

28.35  grammes  in  1  oz.  =  .8.37  oz. 
Then  as  39.37  in.  :  36  ::  8.37  :  x 

8.37  X  36 

=  7.63  oz. 


39.37 

In  Bradford,  England,  is  located  the  most  celebrated  condi- 
tioning house  in  the  world,  to  which  are  referred  all  questions 
relating  to  textile  fibres,  yarns  and  fabrics  for  final  reports. 
The  manager,  Mr.  ^Valter  Townsend,  is  therefore  most  closely  in 
touch  with  the  textile  situation,  and  is  called  upon  to  investigate 
all  manner  of  cases  in  this  line.  The  works  are  equipped  most 
completely  with  machines  for  testing  condition  or  moisture, 
strength,  elasticity,  staple,  dyestuff,  in  fact,  everything  that  has 
to  do  with  the  make-up  of  a  piece  of  cloth.  Let  me  quote  from 
a  recent  letter  from  Mr.  Townsend : 

Re  Metric  and  Decimal  Systems. — Personal}}'  I  am  a  very  strong  advocate  of 
them  and  have  adopted  it  entirely  here,  as  far  as  calculations  and  measurements 
go  in  all  our  conditioning-house  work,  and  of  course  we  all  as  a  staff  find  an  enor- 
mous sa^-ing  of  time  and  an  easy  checking  as  to  correctness.  Our  little  nation 
takes  it  up  slowly,  but  I  am  glad  to  say  that  The  Board  of  Trade  in  London 
is  very  bus}'  on  the  matter  and  my  friend,  Mr.  Spencer,  a  high  official  there,  is  very 
enthusiastic  and  working  with  me  in  preparing  tables,  scales,  reductions,  in  both 
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W'oifjlils  aiul  iiK'asures.  I  will  fi\xe  you  a  fnrthor  report  later  on  as  I  go  to  London 
on  this  siK'cial  matter  next  week.  'J'o  fight  a«j;ainst  ignorance,  prejudice  and  old- 
lashioned  customs  is  (in  this  country  at  least)  very  hard  work,  but  "peg  away"  is 
my  motto. 

Again  let  me  (]uote  from  a  letter  written  to  Mr.' J.  II.  Re\^_ 
nolds,  Principal  of  the  Municipal  Technical  School  of  Manchester^ 
England,  by  Mr.  II.  E.  AYoUmer,  who,  Mr.  Eeynolds  informs  me, 
is  the  director  of  the  firm,  Sir  Jacob  Behrens  &  Sons,  exporters 
of  3^ariis. 

Thanks  for  kindly  sending  me  the  enclosed  letter  which  I  have  read  with  much 
interest.  Last  week  our  Board  advised  the  Indian  Government  to  adopt  the  metric 
system  of  weights,  etc.,  for  wool,  worsted  and  silk  3'-arns  in  preference  to  the  Eng- 
lish system,  which  for  some  of  these  yarns  seems  to  be  practically  unknown  in  India, 
whilst  the  metric  or  Continental  system  has  been  in  use  there  for  many  years.  In 
fact,  some  dealers  decline  to  buy  their  yarns  unless  made  up  in  the  Continental 
way,  and  what  3'our  friend  says  is  very  convincing,  respecting  the  drawbacks  of 
so  many  systems  being  in  use  at  the  same  time.  Cotton  yarns  will  have  to  follow 
but  they  will  be  the  last  upon  the  list,  as  our  system  is  nearly  universally  in  use, 
and  the  change  will  be  somewhat  disturbing  and  also  very  expensive ;  however, 
our  course  is  clear. 

Under  date  of  March  27,  1902,  the  Yorhshire  (England)  Post 
printed  the  following: 

Woollen  and  Silk  Yarns  ior  India. 

The  metric  system  of  count.  The  Secretary  of  State  for  India  is  asking  the 
Association  of  Chambers  of  Commerce  to  ascertain  the  idews  of  manufacturers 
on  a  question  which  has  arisen  regarding  the  admission  of  the  Continental  or 
metric  method  of  count,  as  an  alternative  for  the  British  system,  for  the  marking 
and  description  of  woollen  and  silk  yarns  imported  into  British  India.  It  seems 
that  some  Indian  dealers,  when  in^^ted  to  give  orders  for  British  worsted  and 
W'Ool  yarns,  have  declined  to  do  so  unless  the  yarn  is  made  up  on  the  Continental 
system ;  and  the  customs  authorities  of  India  have  written  to  Lord  George  Hamil- 
ton, pointing  out  that  the  trade  in  yarns  has  passed  into  foreign  hands. 

Messrs.  Macdonald  &  Co.,  of  Karachi,  wrote  to  the  Chief  Col- 
lector of  Customs  ill  Sind: 

The  Indian  dealers  have  got  so  accustomed  to  the  Continental  count  of  worsted 
wool  yarn  that  they  absolutely  decline  to  give  orders  for  the  yarn  made  up  accord- 
ing to  the  British  standard  of  count,  and  stipulate  when  giving  orders  that  the 
yarn  must  be  made  up  according  to  the  system  in  vogue  on  the  Continent.  It 
appears  that  this  S3'stem  of  making  up  suits  their  looms  better  than  the  British 
standard.  If,  therefore,  the  government  should  decide  to  insist  upon  the  goods 
being  made  up  according  to  the  British  standard,  it  appears  to  us  that,  for  a  time 
at  least,  trade  would  be  hampered. 
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Messrs.  Volkart  l^rotliers.  iilso  of  Ivanichi,  write: 

Tho  VMins  h;i\(>  now  coiiu'  lo  India,  tor  years,  made  up  according  lo  (lie  inclric 
sci\\o,  and  tlu*  trade  lias  jrot  accustomed  to  it.  Serious  didicullies  will  arise  with 
consiuners  up-country  should  the  <ro\-errunent  ot"  India  decree  that  wool  yarn 
must  be  made  up  according  to  the  old  and  little  known  British  worsted  scale. 

The  Government  of  (Calcutta,  writing  to  J^ord  George  Hamil- 
ton on  the  20tli  of  February,  say: 

"We  hiixo  p(>rniitted  for  the  present  the  use  of  the  Continental  description  of 
count  which  follows  the  metric  system,  as  this  is  said  to  \)v  more  con\'enient  to  tlu; 
trade;  but  it  is  possible  that  there  may  be  objections  from  the  point  of  view  of 
the  EngHsh  manufacturers.  We  sliould,  therefore,  be  glad  to  learn  the  views  of 
the  English  spinners,  and  let  them  know  that  the  trade  in  these  yarns  is  in  foreign 
hands.  The  orders  to  use  the  Continental  description  of  count  will  be  made  final 
if  no  objection  is  raised  b}'  the  British  trade. 

I  have  also  a  copy  of  the  report  of  Mr.  Arthur  E.  Piggott, 
Secretarv  to  the  Silk  Association  of  Great  Britain  and  Ireland, 
from  which  I  would  quote  as  follows: 

At  the  annual  meeting  of  this  association,  held  in  London  on  the  26th  of  Febru- 
ary, a  comnumication  was  reported  from  the  Minister  of  Connnerce  of  France, 
asking  for  the  cooperation  of  this  association  in  securing  a  uniform  system  for 
the  numbering  of  yarn  counts,  etc.,  and  an  expert  committee  consisting  of  ^Ir. 
Matthew"  Blair,  Mr.  Herbert  Rowson,  Mr.  Sydney  Thompson,  Sir  Thomas  Wardle, 
and  ]\Ir.  George  Wigley  were  appointed  to  consider  the  subject,  and  report  to  the 
council. 

This  report  was  duly  presented  to  and  approved  by  the  council  on  May  7th,  and 
it  was  ordered  that  the  report  should  be  printed  and  circulated  to  the  members  of 
the  assoc-iation  and  to  the  Chambers  of  Commerce  in  the  silk  centres. 

It  was  also  resoh-ed : 

"  That  the  Silk  Association  recommends  the  government  to  adopt  the  metric 
system  of  weights  and  measures." 

I  beg,  therefore,  to  send  herewith,  for  your  perusal  and  information,  the  report 
of  the  expert  committee,  together  with  an  explanatory  memorandum  on  yarn 
counts  which  has  been  prepared  by  Mr.  ^Matthew  I31air,  the  chairman  of  the  com- 
mittee, and  ha^•e  to  ask  for  your  cooperation  in  supporting  in  every  way  possible 
the  recommendations  contained  in  the  report. 

Although  I  am  interested  in  all  sides  of  the  question,  I  did 
not  intend  to  discuss  other  than  the  textile  phase;  yet  I  cannot 
refrain  from  quoting  a  letter  sent  to  the  American  Hide  ct 
Leather  Co.  at  Boston,  under  date  of  March  25,  1902,  from 
Paris,  the  matter  being  brought  to  my  attention  by  a  friend  who 
is  connected  with  this  large  company,  which  has  a  very  heavy 
export  trade: 
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Enclosed  you  Avill  find  roport  of  last  meeting  held  by  the  Syndicat  G6n6ral  dc  la 
Chaussurc  dc  I'Yance,  wh('n'l)y  you  will  sec  that  tlic  shoe  nKiinifacturcrs  of  this 
country  ha\'e  not  decided  to  buy  leather  otherwise,  than  by  nu^tric  system  (square 
metre)  instead  of  per  foot,  which  is  (luite  illejial  in  I'Vance.  [This  is  merely  a  case 
of  translation.  See  the  section  of  t lie  paper,  "  Tiu!  Foreign  Trade  Argument." — F. 
A.  H.] 

Tills  decision  will  surely  affect  the  sale  of  all  American  leathers  sold  per  foot, 
unless  American  tanners  follow  the  suggestion  of  leading  shoe  manufacturers  here 
to  indicate  on  each  skin  the  French  measurement  equivalent  to  that  mentioned 
in  square  feet. 

It  occurs  to  us  that  you  could  indicate  on  the  dial  of  your  measuring  machine 
the  French  measurements  as  well  as  the  American,  so  that  when  leather  is  meas- 
ured for  France,  you  could  indicate  on  the  skin,  French  nu^asurement  and  invoice 
at  so  much  per  square  metre  instead  of  per  square  foot,  which  would  be  quite  an 
easy  thing  to  calculate. 

We  sincerely  hope  the  United  States  shall,  ere  long,  adopt  the  metric  S3^s- 
tem  already  in  use  nearly  over  the  world,  because  it  would  be  preferable  for  all 
interested  parties. 


It  is,  then,  no  matter  of  individual  whim,  or  of  a  few  isolated 
people  having  to  do  with  the  conversion  of  fibre  into  fabric,  that 
the  question  of  uniformity  of  terms  and  designations  is  made 
vital.  While  the  greater  proportion  of  spindles  is  controlled  by 
England  and  the  United  States,  to  say  nothing  of  the  trading 
between  these  two  countries,  the  rest  of  the  world  is  buying  not 
merely  the  finished  product,  but  that  which  is  partly  prej^ared, 
for  instance,  yarns  which  are  to  be  woven  within  their  own  bor- 
ders; and  therefore  there  is  an  increasing  demand  for  clear  and 
correct  understanding  of  the  noinenclatures. 

The  various  efforts  to  secure  an  international  standard  for  yarn 
numbering  have  not  been  successful,  because  England  and  the 
United  States,  the  greatest  producers  of  these  goods,  were  apa- 
thetic. Xow  it  is  seen  these  countries  are  on  the  alert,  and  it 
is  hoped  that  they  will  not  block  this  important  reform.  If 
only  we  were  consistent  with  our  English  cousins  in  our  various 
designations  of  counts,  using  as  we  do  pound  and  yard,  we  might 
find  some  ready  means  of  systematizing  the  matter ;  but  we  are 
not  consistent  even  among  ourselves.  In  such  a  case  there  is  no 
doubt  but  that  the  best  way  is  to  find  the  broadest  possible 
o-round  for  a  standard,  and  chancre  evervthino-  to  that.  Such 
a  ground  we  have  in  the  metric  units,  where  whatever  the  mate- 
rial of  which  the  3^arn  is  composed,  if  one  metre  weighs  one 
gramme  it  will  be  designated  Xo.  1;  two  metres  to  the  gramme, 
No.  2,  etc.     The  various  calculations  necessary  to  the  production 
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of  a  ]iioc(>  of  cloth  are  wonderfully  siniplilied  and  are  of  pi'acti- 
cal,  \vorkai)le  valu(\  as  has  been  demonstrated,  not  by  those 
wliose  business  it  is  merely  to  write  books  ;md  newsj)a])er  arti- 
cles, but  by  ])raetical  mill  iikmi  who  have  constructiMl  thousands 
of  pieces  of  cloth,  and  have  it  in  mind  to  do  tha,t  whicli  will 
make  better  fabrics  with  a  minimum  expenditin'(3  of  energy. 
They  have  no  desire  to  juggle  with  figures  lor  the  sake  of  j)ro- 
viding  argument,  but  regard  their  calculations  merely  as  a  mill 
with  which  to  transfoi'm  data  into  usefid  forms.  The  fewer 
gears,  cams  and  levers  this  mill  has,  the  better  they  like  it  so 
long  as  the  product  is  uj)  to  the  standard.  There  are  many  cases 
where  mills  prefer  laiss^z  faire  and  to  use  their  own  stand- 
ards, no  matter  how  complicated;  they  could  go  along  well 
enough  until  called  upon  for  a  change  of  product,  but  their  arbi- 
trarv  standards  would  then  be  at  a  most  serious  disadvantage. 

Our  great  industrial  enterprises  have  been  successful  in  their 
combination  only  l)y  cutting  out  all  wastes  both  of  time  and  of 
material,  and  it  is  not  likely  that  the  textile  interests  will  be  far 
behind  when  fully  alive  to  the  possibilities  of  saving  time  in 
com[)utation. 

J//'.  F.  A.  Hahefj. — The  metric  system,  as  related  to  the  textile 
industry,  can  be  intelligently  discussed  by  those  only  who  are  ex- 
})erts  in  that  industry.  The  remarks  of  Professor  Crosby  and  of 
M.  Lamoitier  have  therefore  been  sent  to  Mr.  S.  S.  Dale,  editor  of 
the  Textile  Worlds  and  the  replies  to  those  gentlemen  are  by  him. 

J//'.  Samuel  S.  Dale. — AVhile  the  members  of  each  trade  or 
profession  should  endeavor  to  determine  the  merits  of  the  metric 
question  from  their  particular  point  of  view,  human  nature  is  the 
same  everywhere,  and  men  in  one  department  can  acquire  valu- 
able information  regarding  the  practical  operation  of  the  metric 
system  by  observing  its  effects  on  trades  outside  of  their  own 
calling. 

This  Society  may  not  have  the  personal  interest  in  the  textile 
aspects  of  the  case  that  is  taken  b}^  the  Xew  England  Cotton 
Manufacturers'  Association  or  the  Xational  xlssociation  of  Wool 
Manufacturers,  but  it  can  profi  t  by  the  experience  of  others  with 
the  metric  svstem  in  textile  manufacturing  as  well  as  can  either 
of  the  associations  above  named. 

For  this  reason  there  is  no  need  to  apologize  to  American  engi- 
neers for  turning  a  head-light  on  the  metric  system  in  the  textile 
industrv. 
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In  the  beginning  of  liis  paper,  Professor  Crosby  refers  in  a] 
vague  way  to  the  attitude  of  the  New  England  (Jotton  Manufac-J 
tui'ers'  Association  and  the  National  Association  of  Wool  Manu- 
facturers toward  the  metric  system.     Fartlier  on  lie  comes  out 
Hat-footed  in  regard  to  the  Cotton  Association  in  these  words: 

Tho  New  Eiip;l;in(l  Cotton  M;uiurac'tur(>rs' Association  is  on  rocord  as  favoring 
the  International  standard  [the  base  is  the  metric  system]  lor  numl>ering  3^arns. 

This  statement  has  been  spread  far  and  Avide,  from  Belfast  to 
] Barcelona,  and  from  ]]arcelona  to  Moscow.  It  was  made  early 
at  the  hearing  before  the  committee  on  coinage,  weights  and 
measures.  It  appeared  in  a  report  made  by  the  National  Bureau 
of  Standards  at  Washington  to  the  British  Consul- General  at 
New  York,  and  transmitted  by  the  latter  to  his  government  to 
be  published  in  the  English  papers,  for  the  purpose  of  influencing 
English  public  opinion  in  favor  of  the  metric  system.  And  now 
Professor  Crosby  conveys  the  im])ression  that  our  textile  asso- 
ciations favor  the  metric  system.  I  have  not  the  slightest  doubt 
as  to  the  good  faith  in  making  the  statement;  he  is  simply  re- 
peating what  thousands  honestly  accept,  apparently  on  good 
authority,  and  what  is,  at  this  moment,  being  spread  throughout 
Europe  as  officially  endorsed  by  the  Bureau  of  Standards  of  the 
United  States  Government.  As  the  report  has  been  given  such 
wide  publicity,  the  sooner  the  truth  is  known  the  better.  Fol- 
lowing is  a  letter  that  explains  itself: 

New  England  Cotton  Manufacturers'  Association,  Boston,  Mass. 

January  7,  1903. 
Dear  Sir: 

In  reply  to  your  inquiry  of  the  6th  inst.,  I  would  say  that  the  Association  never 
committed  itself  to  the  metric  system  of  measuring  yarn. 

Yours  very  truly, 

C.   J.   H.   AVOODBURY, 

Secretary. 

Neither  has  the  National  Association  of  Wool  Manufacturers 
been  committed  to  the  metric  s^^stem.  Its  action,  so  far,  has 
been  limited  to  listening  to  addresses  on  the  subject  by  Professors 
Crosby  and  Stratton  at  one  of  its  banquets.  A|: 

The  question  of  textile  Aveights  and  measures  relates  largely, 
but  by  no  means  wholly,  to  the  numbering  of  yarn,  of  which 
there  are  two  general  systems.     One  is  based  on  a  fixed  weight 
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and  variablo  lon^^tli,  the  other  on  a  lixcd  l('ii«;th  and  varial>le 
weight.  Tlie  former  is  used  for  all  textile  materials  exce])t  silk, 
which  is  numbered,  with  the  exee]>tion  of  waste  silk,  ))y  tli(3  sec- 
ond system.  IT  1  pound  of  cotton  yarn  is  s])un  S4u  yards  h^n^^, 
it  is  called  No.  1  yarn;  if  spun  1,<J80  yards,  or  twice  as  long,  it 
is  called  Xo.  '2  varn,  the  numl)er  increasinix  as  the  varn  irets 
liner.     This  is  the  English  cotton  standai'd. 

If  1,000  yards  of  silk  tram  or  organzine  weighs  1  dram,  it  is 
called  Xo.  1:  if  it  weighs  2  drams,  it  is  called  Xo.  2,  the  number 
increasing  as  the  yarn  gets  coarser.  This  system  is  used  in  the 
United  States  and  in  England  for  thrown  silk. 

Of  the  four  English  systems  mentioned  by  Professor  Crosby, 
the  oOO  yard  system  is,  with  the  exception  of  a  local  and  unini- 
])ortant  Austrian  standard,  the  world's  single  standard  for  linen, 
jute,  hemp  and  allied  fibres,  so  that  if  a  spinner  of  any  of  these 
materials  in  the  United  States  should  mention,  say,  Xo.  20  yarn 
to  a  spinner  in  Great  Britain,  France,  Germany,  Austria, 
Russia,  India,  China  or  Japan,  in  fact,  in  any  country  in  the 
world,  both  would  understand  without  explanation  that  the  yarn 
measured  6,0(;m.)  yards  per  pound.  This  system  is  used  to  a 
companitively  small  extent  for  woollen  yarn,  chiefly  in  the 
vicinity  of  Philadelphia,  and  the  plain  lesson  to  be  drawn  from 
its  continued  local  use  there,  side  by  side  with  the  commen- 
surable run  system  (the  greater  convenience  of  which  will  be 
shown  later)  is,  that  methods  for  numbering  yarn,  when  once 
rooted,  become  practically  immovable. 

Of  all  the  leading  branches  of  textile  manufacturing,  the  linen, 
hemp  and  jute  industries  are  the  most  distinct.  These  materials 
are  seldom  mixed  or  combined  in  the  same  fabric  with  either 
cotton,  woollen,  worsted  or  silk  yarn.  Its  world-wide  standard 
of  300  vards  seldom  comes  in  contact  with  the  remaiuinfj:  three 
systems  cited  by  Professor  Crosby.  These,  S40  yards  for  cotton, 
560  vards  for  worsted,  and  1,000  vards  for  carded  w^oollen,  are 
each  employed  in  branches  of  textile  manufacturing,  whose  proc- 
esses and  machinery  are  distinct  and  separate  up  to  and  including 
the  preparation  of  the  yarn  for  weaving.  Each  branch,  cotton, 
worsted  and  carded  woollen,  is  a  distinct  trade.  The  workmen 
in  each  do  not  require,  and  usually  do  not  have,  any  definite 
knowledge  of  or  skill  in  the  other  two.  This  limits  the  contact 
of  the  three  systems  to  the  weaving  and  designing  departments, 
and  to  the  general  management  of  weaving  mills.     Fortunately, 
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however,  the  840,  500,  300  «ind  1,000  yard  systems  have  certain 
relations  to  each  otlier  and  to  the  ])oun(l  which  remove  the 
a])|)arent  dilHculty  of  using-  them  togotlier. 

First,  they  are  all  based  on  the  English  yai'd-])ound.  This  is 
their  chief  merit,  whieli  I  wiJl  not  dwell  on  now,  as  it  will  be 
evident  when  we  consider  the  metric  units,  but  will  note  tlieir 
other  advantages. 

Tlie  cotton  is  just  one-half  longer  than  the  worsted  skein,  and 
the  number  by  the  worsted  system  is  therefore  larger  by  just 
one-half  than  by  the  cotton  system;  that  is.  No.  20  cotton  is 
equal  to  No.  30  worsted.  The  cotton  number  can  likewise  be 
obtained  from  the  worsted  number  by  taking  one-third  from  the 
latter;  that  is.  No.  30  worsted  is  No.  20  cotton. 

When  we  come  to  the  1,G00  yard  skein,  the  standard  for  the 
carded  woollen  yarn,  we  find  that  No.  1  woollen  yarn,  measuring 
1,600  yards  per  pound,  measures  100  yards  per  ounce;  that  No.  2 
yarn  measures  200  yards  per  ounce;  No.  3^  yarn  350  yards  per 
ounce,  the  number  of  the  yarn  expressing  in  each  case  the  num- 
ber of  hundred  yards  per  ounce.  This  facilitates  greatly  the 
calculation  of  the  weight  per  yard  which  is  expressed  in  ounces. 
If  a  yard  of  cloth  contains,  say,  4,000  yards  of  3-run  warp  yarn, 
a  simple  division  will  show  that  the  warp  weighs  13^  ounces  per 
yard.  This  is  such  an  advantage  that  the  best  mill  practice  uses 
the  run  system  for  calculating  per  yard,  not  only  the  weight  of 
carded  woollen  yarn,  but  also  that  of  cotton  and  worsted.  For 
the  last  two  this  necessitates  a  conversion,  which  can  be  made 
mentally  by  the  factor  .5J  for  cotton,  from  which  the  worsted 
number  is  obtained  as  already  explained.  This  is  the  practice  of 
the  mill  and  not  a  theory  of  the  class-room. 

I  do  not  wish  to  be  understood  as  claiming  that  this  system, 
involving  the  use  of  four  methods  of  yarn  numbering,  is  the  best 
that  could  be  devised.  If  we  could  start  anew  and  establish  a 
new  system  of  yarn  numbering,  it  is  certain  that  mill  experience 
with  the  present  methods  would  dictate  but  one  base  for  all  tex- 
tile materials  except  silk.  It  is  equally  certain  that  that  new  sys- 
tem would  not  be  the  metric.  Evidence  as  to  this  last  statement 
will  be  given  further  on.  The  point  I  wish  to  make  plain  now 
is  that  our  present  yarn  units,  which  are  rooted  and  grounded 
in  every  mill  in  the  world  where  textile  fibres  are  spun  into 
yarn,  and  which  the  experience  of  Europe  teaches  us  cannot  be 
eradicated,  offer  decided  facilities  for  their  joint  use.     They  are 
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all  based  on  the  yard  and  pound,  and  aro  (;asily  coninion- 
siirable. 

Professor  Crosby,  after  citin<!^  our  yarn  systems,  vaguely  refers 
to  a  ''clean-cut ''  method  which,  he  says,  may  necessitate  at  the 
outset  some  mental  stimulus,  but  which  possesses  great  and  mani- 
fest advantages  over  our  pi'csent  methods.  Let  us  call  a  sj)ade 
a  spade.  He  means  the  metric  system.  Now  I  deny  that  the 
metric  or  any  other  system  of  numbering  yarn  necessitates  a 
mental  stimulus  at  the  outset.  The  metric  system  of  yarn  num- 
bering is  sim[)ly  the  substitution  of  1,0(>U  metres  for  the  840 
yards  of  the  English  cotton  system,  and  the  kilogram  for  the 
English  pound.  In  other  words,  if  a  kilogram  of  3^arn  measures 
20,000  metres,  it  is  No.  20  yarn.  That  is  all  there  is  to  the 
metric  or  any  other  system  of  numbering  yarn  based  on  a  fixed 
weight  and  variable  length.  The  "mental  stimulus,"  as  Pro- 
fessor Crosby  calls  it,  but  rather  the  mental  demoralization,  results 
from  the  attempt  to  use  the  metric  side  by  side  Avith  the  English 
units,  and  is  due  to  the  incommensurability  of  the  two. 

The  size  of  the  yarn  is  one  of  the  most  important  elements  in 
textile  structures.  The  selection  of  the  raw^  material  and  the 
adjustment  and  construction  of  nearly  every  machine  in  the  mill 
depend  on  the  size  of  the  yarn  to  be  made.  The  experience  and 
thought  of  every  textile  worker,  no  matter  how  mechanical  his 
work  may  be,  is  rooted  to  the  numljor  of  the  yarn.  This  explains 
why  yarn  numbers  have  passed  unchanged  through  a  century  of 
upheaval  in  old  French  units  of  weights  and  measures.  The  idea 
that  the  experience  in  America  w^ould  be  different  is  so  obviously 
opposed  to  manifest  truth  as  to  deserve  no  attention. 

What  then  are  to  be  the  bases  of  American  yarn  counts  in 
that  remote  era  when  the  use  of  the  metric  system  in  the  depart- 
ments of  the  United  States  Government  has,  b}"  a  species  of 
mental  suggestion,  led  the  American  people  to  abandon  all  use 
of  the  English  yard  and  pound,  and  those  units  have  disappeared 
forever?     Following  is  the  reply: 

Cotton   skeins  of  1,693. G3  metres  per  kilogramme. 

Worsted        "     ''  1,129.09 

Woollen        "     ''  3,226. 

Linen  ''     ''     604.85        "         "         " 

Bear  in  mind  that  these  are  the  awkw^ard  expressions  of  the 
second  stage  of  metric  development,  which  comes  after  the  first 
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"  transition"  period  during  whicli  the  yard  and  pound  have  not 
been  driven  or  coaxed  out,  and  when  it  would  be  necessary  to 
r(^tain  the  metric  ecjuivalents  not  for  the  skein  only,  but  also  for 
the  ])ound.  During  this  iirst  period,  in  which  France  still  re- 
mains, the  bases  of  our  four  forms  of  yarn  numbering  would  bej 
expressed  as  follows: 

('otton,  now  840  yds.  per  lb. ;  then  708.09  metres  per  453.59  grammes. 
Worsted,  now  560  yds.  per  lb. ;  then  512.05  metres  per  453.59  grammes 
Woollen,  now  1,600  yds.  per  lb. ;  then  1,463,04  metres  per  453.59  grammes. 
Linen,  now  300  yds.  per  lb. ;  then  274.31  metres  per  453.59  grammes. 

This  is  not  theory.  The  last-named  metric  equivalents  of  our 
English  cotton,  worsted  and  linen  yarn  units  are  taken  from 
Briiggemann,  Die  Ncitigen  Eigeuschaften  der  Gespinste,  and 
show  European  practice  to-day. 

The  first  two  stages  of  this  process  of  evolution  can  now  be 
found  in  France.  In  Elboeuf  the  numbering  of  carded  yarn  is 
based  on  a  fixed  weight  of  40  sous  (an  old  unit  of  weight)  or  its 
equivalent,  500  grammes,  and  a  variable  length  expressed  in 
skeins  of  3,600  metres.  This  is  the  first  stage.  Passing  to 
Roubaix,  for  example,  we  find  the  evolution  in  the  second  stage, 
the  fixed  weight  being  the  kilogramme  and  the  variable  length 
expressed  in  skeins  of  714  metres. 

The  third  stage  in  France*  is  the  use  of  the  system  based  on  the 
1,000-metre  skein  and  the  kilogramme.  The  last-named  is  the  only 
one  that  is  metric,  and  has  been  introduced  to  some  extent  in  the 
woollen  industry,  but  in  the  other  branches  is  used  so  little  as  to 
hardlv  warrant  the  statement  that  the  last  stao^e  has  beo^un. 

Thus  the  experience  of  Europe  teaches  us  that  the  '^  clean-cut  " 
method  of  Professor  Crosby  will  first  give  us  a  768.09-metre 
453.59-gramme  cotton  yarn  system  for  centuries,  with  equally  ab- 
surd bases  for  each  of  our  other  systems.  If  we  escape  from 
them  we  shall  then  have  another  era  with  the  absurdities  reduced 
one-half;  in  the  meantime,  endless  confusion.  Compare  these 
expressions  with  our  present  clean-cut  skeins  of  300,  560,  840  and 
1,600  yards,  all  based  on  the  English  yard-pound.  Is  Professor 
Crosby's  remedy  for  what  he  calls  the  "  incongruity  of  measure- 
ments "  worth  while? 

There  is  no  question  as  to  the  correctness  of  the  professor's 
conclusion  that  the  reference  to  the  English  pound  in  the  October 
article  in  the  Textile  World  is  the  ''  best  sort  of  an  argument  for 
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the  uniticaLion  of  yarn  iiuinluTs,"  and  as  tliu  Kn^lish  pound 
doniinates  tlio  textile  world,  it  is  eciually  certain  that  the  easiest 
way  of  reaching;  uniliciition  is  the  adoi)tion  of  that  j)ound  as  the 
hasis  of  yarn  nund)ering;  in  fact,  it  is  already  the  standard  for 
three-iiuarters  of  the  world's  textile  industry. 

We  next  meet  with  the  statement  that  the  English  sj)inners 
"are  stirring  and  our  own  manufacturers  are  stii-ring''  in  their 
etTorts  to  adopt  the  metric  system.  Then  comes  the  claim  as  to 
the  Xew  Kngland  Cotton  Manufacturers  Association,  which  has 
already  been  disjiosed  of.  Our  textile  manufacturers  are  cer- 
tainly ''stirring,"  but  it  is  to  make  a  living  with  a  thirty-six 
inch  yard  and  a  sixteen-ounce  pound.  The  metric  system  is  not 
thought  of  by  the  great  majority  of  manufacturers.  They  have 
uo  time  to  think  of  such  a  preposterous  pro])osition  as  that  of 
changing  the  yard  to  30f  inches  minus,  and  the  ])ound  to  ITf 
ounces  plus.  This  indifference  is  conclusively  shown  l)y  their 
responses  to  requests  for  opinions  on  the  metric  (juestion.  The 
Tcdile  World  addressed  copies  of  the  October  issue  containing 
the  article,  ''  It  Is  ^"orth  While,'-  by  Professor  Crosby  in  favor 
of  the  metric  system,  to  1,200  textile  manufacturers  throughout 
the  country,  with  a  request  for  replies  to  these  three  questions: 

1.  Do  you  favor  the  adoption  of  the  metric  system  ? 

'1.  Are  you  opposed  to  it  ? 

o.  Do  you  favor  postponing  action  until  the  subject  has  been 
calmly  and  scientifically  investigated  (as  in  ISIT  and  in  1S60)? 

Fifty-four  replies  were  received,  of  which  17  were  in  favor, 
18  opposed,  and  19  favored  delay;  17  out  of  1,200  represents  the 
"  stirring  "  that  has  so  impressed  the  Professor. 

In  this  matter  of  \veights  and  measures  the  preferences  and 
opinions  of  employers  do  not  control.  There  is  probably  not 
one  textile  manufacturer  in  France,  Germany,  Austria,  Italy  and 
Spain,  who  does  not  ardently  favor  the  use  of  the  metric  system. 
Xo  one  should  deceive  himself  bv  thinkinf]:  that  this  unanimitv 
is  due  to  the  merits  of  the  metric  system.  They  favor  it  because 
it  offers  the  only  way  of  escape  from  the  chaos  of  local  standards 
in  which  Europe  is  involved.  They  are,  however,  powerless  to 
bring  this  result  about,  owing,  among  many  other  things,  to  the 
familiarity  of  their  emploj^es  with  the  old  units.  If  Professor 
Crosby  will  go  among  the  textile  operatives  in  this  country,  the 
wool  sorters,  carders,  combers,  drawers,  spinners,  twisters, 
spoolers,  warpers,  weavers,  dyers,  bleachers  and  finishers,  and 
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ask  for  opinions  on  tlie  metric  system,  he  will  find  (instead  of 
the  stirring  of  17  out  of  1,200)  a  complete  state  of  coma.  Tex- 
tile Aveights  and  measures  are  regulated  by  tlie  millions  who 
create  wealth  in  tlie  mill  instead  of  by  the  hundreds  that  count 
that  wealth  in  dollars  and  cents  in  the  counting  house. 

Professor  Crosby  makes  a  reply  by  the  chief  instructor  and. 
his  assistant  in  the  Lowell  Textile  School  to  the  October  article, 
"English  versus  Metric,"  a  part  of  his  own  reply  to  Mr. 
Halsey's  paper  (No.  971).  It  is  safe  to  say  that  three-quarters 
of  the  school  article  is  wholly  unintelligible  unless  read  in  con- 
nection with  that  to  which  it  is  offered  as  a  reply. 

To  make  clear  Avhat  the  Lowell  instructors  are  aiming  at,  I 
annex  extracts  from  '^  English  versus  Metric,"  as  follows: 

ENGLISH  VERSUS  METRIC  IN  CLOTH  ANALYSIS. 

(From  Textile  World,  October,  1902.) 
A  straight  line  measures  the  shortest  distance  between  two  points. — Euclid. 

The  claim,  unfortified  by  figures,  was  made  before  the  Committee  on  Coinage, 
Weights  and  JNIeasures  at  Washington,  that  the  metric  system  would  greatly 
simplify  calculations  in  the  analysis  of  textile  fabrics  and  thus  save  much  labor 
now  made  necessary  by  our  present  sj^stem  of  weights  and  measures. 

Let  us  put  this  to  a  practical  test. 

We  will  analyze  two  pieces  of  the  same  fabric,  one  by  the  English,  the  other 
by  the  metric  system. 

At  Fig.  Ill  is  the  sample  to  be  analyzed.  At  Fig.  112  is  a  vest  made  from  this 
cloth  by  an  English  tailor.  At  Fig.  113  is  the  residue  of  a  sample  of  the  goods 
after  extracting  the  wool  with  caustic  alkali.  The  cloth  is  known  as  a  union 
fabric,  that  is,  composed  of  yarns  made  from  different  materials:  in  this  case 
cotton  and  worsted. 

For  the  English  system  we  will  make  the  die  1  8-10  by  2  4-10  inches,  with  an 
area  of  4.32  square  inches. 

For  the  metric  system  we  ^A\\  make  the  die  40  mm  by  50  mm. 

The  next  step  is  to  find  the  ''set,"  that  is,  the  number  of  threads  in  a  given 
space.  By  the  English  system  this  is  indicated  by  the  threads  of  warp  or  filling 
per  inch. 

It  may  be  a  mere  coincidence,  yet  is  nevertheless  a  fact,  that  a  distance 
approximating  the  English  inch  is  best  suited  for  gauging  the  "  set "  of  most 
woolen  and  cotton  fabrics.  It  is  not  so  long  as  to  make  the  counting  of  the 
threads  too  laborious.  It  is  not  so  short  as  to  cause  a  serious  error  by  discarding 
a  fraction  of  a  thread. 

When  we  turn  to  the  metric  system,  however,  we  find  no  unit  of  length  cor- 
responding even  approximately  to  the  English  inch.  The  centimeter  is  less 
than  4-10  of  an  inch,  and  from  this  unit  we  jump  by  the  decimal  step  to  the 
decimeter  which  is  equal  to  about  4  inches. 
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In  Iho  first  rns('  i])v  iiictric  unit  is  too  short,  in  the  second  nuicli  too  lon^;  for 
computing  the  set  of  ordinnrv  textile  fnhries, 

Tliat  this  is  a  praetieal  (iiflieulty  \vith  tlie  metric  system  is  shown  by  the  fol- 
lowing extract   from    Melhodik    der    Hiiuhniirslehn^    und    I)ecomi)osition    fuer 


Fig.  1 


ilG.   112. 


Fig.  113. 


Schaftweberei,  a  standard  German  work  on  weaving  by  Franz  Donat,  Professor 
at  the  Royal  Weaving  School  of  Reichenberg : 


"  The  threads  in  warp  and  filling  are  gauged  by  the  number  per  decimeter. 
The  use  of  the  centimeter  is  unsafe  (unsicher),  because  from  1-2  to  1  thread 
(even  more  in  silk  goods)  may  easily  be  overlooked." 

Another  indication  of  this  defect  is  the  fact  that  the  French  weaver,  over 
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oih  lniiulr(Ml  years  al'lci-  the  liirtli  of  (he  irictric  system,  is  slill  I'ound  using  the 
inch  tor  couiitiiifz;  |)icks." 

Ill  tlic  l*^ii<;hsh  sample,  we  find  in  the  warp  ()2  worsted  and  31  cotton  threads 
per  iiieli:  in  tlio  filhng  130  cotton  tlireads  per  inch. 

In  the  metric  sample  wo  count  in  the  warp  74  worsted  and  37  cotton  threads 
piM-  3  cm:  in  the  filling;  153  cotton  fillinp;  threads  pc'r  3  em. 

The  next  step  is  to  determine  the  siz3  of  the  yarn  in  warp  and  fillinp;. 
We  ravel  out  both  samplers,  keeping  each  kind  of  yarn  separate.      In  the  Eng- 
lish sample  the  worsted  warp  weiglis  4  2-10  grains,  the    cotton    warp    1    8-10 
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Fig:.   10. 


Fig.  114 


grains,  and  the  cotton  filling  7  grains.     In  the  metric  sample  the  worsted  warp  \< 
weighs  20  eg,  the  cotton  warp  9  eg,  and  the  cotton  filling  33  eg. 

We  now  calculate  the  size  of  each  kind  of  yarn  by  each  system  as  follows  (see  : 
Fig.  114):  I 

Worsted  Warp:  English,  Fig.  4,  22  figures:  Metric,  Fig.  5,  21  figures.  I 

Cotton  Warp:   English,  Fig.  6,  15  figures:  Metric,  Fig.  7,  19  figures.  ! 

Cotton  Filling:   English,  Fig.  .8,  16  figures:  Metric,  Fig.  9,  20  figures. 

The  total  weight  of  the  English  sample  is  13  grains,  and  with  15  figures  we 
find  the  weight  of  the  goods  to  be  13  6-10  ounces  per  yard  55  1-8  inches  wide 
(Fig.  10). 

We  find  that  the  metric  sample  weighs  62  eg,  and  with  18  figures  we  find  the 
weight  of  the  cloth  to  be  434  grams  per  meter  140  cm  wide  (Fig.  11). 

The  English  constant  for  the  weight  per  yard  is  calculated  once  for  each 
width  of  goods  and  stamped  on  the  side  of  the  die.  This  answers  for  all  subse- 
quent analyses.  The  metric  constants  for  the  die  we  have  used  are  10  and  the 
width  of  the  goods  in  centimeters. 

Summing  up  the  calculations  we  ha^'e  made,  we  find  68  figures  used  with 
the  English  and  78  with  the  metric  system. 

In  making  these  analyses  we  have  used  the  decimal  system  for  the  metric 
sample,  and  what  we  will  style  the  "  straight  line  "  method  for  the  English  sam- 
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pU'.       The  ojx'ralions  show  that  the  iiK'tric  iiirthod  i((|uins  'f)  murr  fuMins  than 
tho  "  straight  line  "  or  Enjilish  method. 

The  ".straight  lino"  method  can,  of  course,  he  apphed  to  the  metric  weightn 
;iiid  measures,  and  tlie  calcuhitions  tlien  made  as  easily  as  with  the  English 
standards,  hut  this  can  b("  don<'  only  hy  using  a  sample  measuring;  2.5  nun  by  40 
mm  (approximately  1  in.  x  1  o-S  in.),  and  at  the  sacrifice  of  accuracy  in  the 
analysis.  Experience  has  demonstrated  that  a  cloth  sam|)le  with  an  area  of 
1  .^8  scjuan'  inches  is  nmch  too  small  for  the  analysis  of  union  fab-ics,  in  which 
there  are  often  found  se\-eral  kinds  of  yarn,  some  in  very  small  quantities. 

We  have  prtniously  discovered  that  neither  the  French  centimet<'r  nor  the 
decimct^^r  is  suited  for  guaging  the  "set"  of  textile  fabrics,  and  now  find  that 
the  use  of  the  metric  system  gives  us  an  area  too  small  for  the  determination  of 
the  yarn  .sizes  with  an  accuracy  sufficient  for  mill  work. 

Are  these  things  wholly  accidental?  The  English  .sy.stem  comes  to  us  from 
the  dim  past,  and  its  standards  were  based  by  our  rude  ancestors  on  the  di- 
mensions of  the  human  body,  the  height,  the  size  of  the  hand,  arm  and  foot.  It 
is  a  natural  system. 

The  French  or  metric  is  essentially  an  artificial  system,  derived  from  a  failure 
to  determine  the  10,000,000th  part  of  the  distance  between  the  equator  and  the 
North  Pole,  via  Paris. 

There  are  pure  English  and  mixed  (English  and  metric)  estimates  of  cost  u.sed 
in  the  textile  industry  to-day.  It  vdW  be  .sufficient  here  to  consider  the  mixed 
estimate  used  in  the  so-called  metric  countries. 

In  Mr.  Halsey's  paper  is  shown,  paragraph  9,  a  German  estimate  of  the  cost 
of  a  worsted  cloth. 

Study  this  estimate  of  cost  for  a  few  moments,  calmly  if  possible. 

(See  Mr.  Halsey's  paper  for  description  of  procesvses. ) 

Not  only  is  this  single  English  textile  standard  in  use  throughout  the  world, 
but  it  is  maintained  by  vast  natural  force.  Consider  what  a  bulwark  for  the 
English  system  of  yarn  numbering  is  the  single  fact  that  practically  all  of  the 
raw  cotton  grow^l  on  earth  is  sold  to  the  mills  by  the  English  pound.  Acts 
of  Congress  cannot  resist  such  forces,  but  to  be  of  avail  must  take  them  into 
account. 

We  may  be  able  to  simplify  our  English  textile  standards,  to  apply  to  them 
the  decimal  divisions  to  a  greater  extent  than  at  present,  to  find  simpler  and 
more  direct  methods  of  calculation  than  any  now  used,  but  a  solid  front  should 
be  presented  against  the  pollution  of  the  leading  textile  standard  of  the  world 
with  the  French  meter  and  gram. 

France  and  Germany  give  us  an  object  le.sson  as  to  what  such  pollution 
means.  There  are  not  lacking  signs  that  the  really  practical  men  in  the  French 
and  German  textile  industry  are  turning  from  the  metric  and  accepting  the  Eng- 
lish standard  as  a  necessity. 

Let  us  not  gaze  at  the  metric  stars  and  neglect  to  till  the  English  soil. 

The  school  article  starts  out  with  the  assertion  that  the  use  of 
decimals  is  inconsistent  with  the  argument  against  the  metric 
s^^stem.  The  absurdity  of  such  a  pretence  requires  no  demonstra- 
tion to  engineers,  but  for  the  benefit  of  the  two  writers  making 
the  claim,  it  may  be  well  to  state  here  that  the  decimal  system 
was  brought  from  Arabia  into  Europe  about  900  years  ago;  that 
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t\w.  iiietric  system  was  cstablislied  800  years  later  and  made 
decimal  because  the  Arabic  notation  was  then  so  iirndy  estab- 
lished as  to  make  a  system  with  any  other  exclusive  div^ision  an 
impossibility^  and  that  decimals  are  now  used  in  cloth  analysis 
because  tliey  are  the  basis  of  our  notation,  and  not  because  the 
French  make  as  nmch  of  their  metric  system  decimal  as  natural 
laws  allow. 

Down  to  the  sixth  paragrapli  the  article  is  a  labored  attempt 
to  explain  tliat  the  size  of  the  English  die  was  not  selected  at 
random.  The  English  number  of  cotton  yarn  is  expressed  by 
the  pound  in  skeins  of  840  yards;  by  the  ounce  in  skeins  of  y^  of 
that  length,  or  52^  yards;  by  the  grain  in  skeins  of  y^^y-g-  of  the 
first  length,  or  4.32  inches.  The  metric  number  is  expressed  by 
the  kilogram  in  skeins  of  1,000  3^ards;  by  the  gram,  in  skeins  of 
1  metre;  by  the  decigram,  in  skeins  of  1  decimetre;  by  the  centi- 
gram, in  skeins  of  1  centimetre. 

In  cloth  analysis  the  weight  by  the  English  system  is  expressed 
in  grains,  and  the  area  of  the  sample  is  made  4.32  inches  in  order 
that  each  thread  per  mch  may  represent  in  the  whole  sample  a 
cotton  skein  by  the  grain  system  above-mentiotied,  which  is  4.32 
inches  long.  Then  a  simple  division  of  the  number  of  threads 
per  inch  (which  is  the  number  of  skeins  in  the  whole  sample)  by 
the  grain  weight  of  the  yarn  in  the  sample,  gives  the  skeins  per 
grain,  in  other  words  the  number  or  count  of  the  yarn. 

Exacth^  the  same  method  is  adopted  for  the  metric  system  as 
far  as  the  size  of  the  units  and  the  practical  requirements  of  the 
work  allow.  If  we  weigh  by  the  decigram,  it  is  necessary  to 
select  a  sample  1  decimetre  square;  this  is  altogether  too  large 
(about  \ii\  sq.  in.)  as  the  ravelling  of  so  much  cloth  would  require 
too  much  time  and  labor,  and  the  samples  available  for  analysis 
are  usually  much  smaller.  If  we  measure  h^  ^^^  next  smaller 
unit,  the  centigram,  the  area  of  the  sample  must  be  y-J-g-  of  the 
square  decimetre  (1  square  centimetre),  or  about  J  of  a  square 
inch;  this  is  altogether  too  small,  as  the  weight  of  the  quantities 
of  the  different  kinds  of  yarn  would  be  so  small  as  to  make  a 
very  slight  error  in  weighing  a  very  serious  one  in  the  final 
results. 

Thus,  it  is  seen  that  the  metric  units  are  either  too  small  or  too 
large  to  enable  the  calculations  of  the  yarn  numbers  to  be  made 
with  a  single  operation,  as  is  possible  by  the  English  system. 

In  the  calculations  in  the  October  article,  the  metric  system 
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was  favored  by  assimiin<i:  10  centimetres  tas  the  metric  area  for 
the  siini)U»st  operations.  This  is  not,  strictly  s])eaking,  the  case, 
that  area  bein*^  ten  times  too  hu<^e.  It  is,  nevei'tliek;ss,  still  too 
small  for  ])ractical  mill  work,  and  it  was  necessary  to  make  it  20 
centimetres  on  that  account,  even  this  area  bein«^  smaller  than  is 
desirable.  It  was  ado])ted  in  those  calculations  in  ordcM*  to  favor 
the  metric  side  of  the  (juestion,  against  which  the  argument  was 
directed,  although  this  course  necessitated  the  omission  of  deci- 
mal points  in  the  metric  calculations  that  the  mercy  shown,  to 
the  metric  system  might  not  be  readily  discovered.  As  the 
critics  have  not  acknowledged  the  leniency  thus  shown,  it  is  per- 
hnps  best  to  state  now  in  full  the  defects  of  the  metric  units  in 
cloth  analysis. 

The  sixth  paragraph  begins  with  a  grudging  admission  that 
the  straight  line  method  in  the  October  article  "  is  a  very  direct 
and  satisfactory  one,"  and  continues  with  an  equally  awkward 
confession  of  the  commensurability  of  English  units,  winding  up 
with  a  grim  determination  to  show  the  English  system  in  the 
worst  possible  light  by  ignoring  the  ratio  .5^,  in  converting 
cotton  into  woollen  counts  and  by  using  a  formula  that  should 
appear  only  in  a  primer  of  cloth  analysis. 

On  page  541  the  Lowell  instructors  announce  one  point  on 
which  they  agree  with  ^'  Is  It  Worth  "While?  "  but  in  the  same 
breath  claim  that  calculation  of  some  mysterious  '' constant" 
should  be  included  in  the  calculation  of  each  yarn  size.  N^ow, 
there  is  no  constant  other  than  the  basic  skein  used  in  calculating 
the  English  count.  The  4.32  inches  is  the  unchanging  length  of 
the  skein  in  1  grain,  and  calculating  it  in  each  case  is  no  more 
necessary  than  is  the  calculation  of  the  value  of  n  whenever  the 
circumference  of  a  circle  is  reckoned  from  the  diameter,  or  the 
demonstration  of  the  Pythagorean  proposition  Tvhenever  one 
side  of  a  right  angle  triangle  is  calculated  from  the  other  two. 
The  anxiety  to  have  the  English  skein  calculated  in  each  case  by 
an  awkward  formula  is  in  marked  contrast  to  their  apparent  sat- 
isfaction Avith  the  arbitrary  constants  that  the  unsuitable  iengtli 
of  the  centimetre  and  the  decimetre  make  it  necessary  to  inject 
into  the  metric  calculations. 

Page  542  should  be  read  carefully  in  connection  with  the 

October  article.     One  sentence  is  isolated  and  ridiculed  although 

it  refers  to  the  subject-matter  of  the  three  preceding  paragraphs. 

This  (in  connection  ^vith  the  fact  that  the  school  article  was  sub- 
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mitted  without  the  October  article)  sheds  something  more  tlian 
a  side  light  on  tlie  discusion. 

The  ire  of  the  writers  is  aroused  on  page  542  because  of 
the  adoi)tion  of  mill  practice  in  calculating  tlie  weight  per  yard, 
and  the  curious  theory  is  advanced  that  a  constant  must  be  cal- 
culated for  each  width  by  eighths  of  an  inch.  It  is  enough  to 
state  in  reply  that  commercial  Avidths  of  finished  cloths  are  ex- 
pressed almost  exclusively  in  even  inches,  and  that  the  constants 
for  them  can  be  easily  stamped  on  the  die.  This  is  not  neces- 
sary, however,  as  each  grain  in  the  English  sample  is  equivalent 
to  1  ounce  per  yard  52 J  inches  wide;  from  the  weight  of  the 
sample  in  grains  the  AA^eight  for  any  Avidth  can  be  calculated  by 
two  operations. 

We  have  already  observed  the  solicitude  of  these  Avriters  that 
the  basic  formulas  for  the  English  operations  should  be  reckoned 
for  each  problem.  On  page  542  is  found  their  application  of 
this  theory  to  metric  operations.  The  area  of  the  metric  sample 
(2  cm.  X  10  cm.)  and  its  Aveight  are  each  divided  into  hah^es  to 
begin  Avith.  One  half  is  then  stretched  out  to  10  times  its  length, 
and  the  Aveight  also  increased  in  the  same  proportion.  The 
AA^eight  is  then  multiplied  by  140,  and  then  divided  by  10  to  de- 
termine the  Aveight  of  a  metre  of  cloth.  All  of  these  operations 
are  explained  in  detail  to  shoAV  why  no  constant  is  required  with 
the  metric  system !  The  very  next  paragraph  leads  off  with  the 
self-satisfied  announcement  that  ''it  is  hard  to  see  Avherein  the 
metric  system  Avould  suffer  if  due  credit  had  been  given  at  proper 
points  for  figures  Avhere  only  results  are  shoAA^n."  Such  a  vibra- 
tory state  of  mind  can  be  explained  onl}^  on  the  theory  that  the 
chief  instructor  Avrote  alternate  paragraphs,  leaving  the  assistant 
to  fill  the  gaps. 

A  desire  for  information  is  expressed  on  page  543.  For  an  ex- 
tended explanation  of  the  origin  of  Aveights  and  measures  they 
are  referred  to  the  report  on  the  metric  system  made  to  Con- 
gress in  1821  by  John  Quincy  Adams.  Xot  only  the  English 
Avords,  yard,  foot,  and  ell,  and  the  French  pas,  coudee,  pied, 
palme,  pouce,  and  doight,  but  the  sizes  also  of  these  units  prove 
they  Avere  originally  based  on  the  dimensions  of  the  human  body. 
The  sizes  of  the  units  of  weights  and  measures  are  preserved  by 
bars  or  blocks  of  metal,  the  dimensions  of  which  are  equally 
arbitrary,  Avhether  based  on  the  foot  of  Henry  I.  (as  is  said  to 
have  been  the  case  of  the  English  foot),  or  on  an  approximation 
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of  tlio  tcMi-millinntli  |):irt  of  tlio  (listanc(\  via  Paris,  Ix'tweeii  a 
vil)ratin«:;  liiu>  and  a  iiiovablo  point,  which  in.m  can  a])j)arently 
roach  as  easily  as  lie  can  now  find  tlui  foot  of  tlu^  Kn<^lish 
king. 

The  reference  on  ])age  54:3  to  John  Quincy  A(huns  sliows  the 
change  of  front  on  tlie  part  of  the  nietricists  since  Adams'  o[)in- 
ions  on  the  metric  system  Avere  made  plain  by  Mr.  Ilalsey's 
paper.  While  Adams'  re])ort  was  buried  out  of  siglit  in  the 
archives  of  the  government,  or  found  only  with  the  gi'eatest 
dilHculty  in  our  leading  libraries  and  on  the  dusty  shelves  of 
second-hand  book  stores,  it  was  the  fashion  to  hold  it  up  as  a 
*^  classic  in  metrology,"  to  quote  single  phrases  from  it,  and 
omit  entire  qualifying  paragraphs,  to  say  that  ''  Mr.  Adams  ad- 
vised delay  until — . "  Xow,  when  it  lias  been  shown  that  John 
Quincy  Adams  opposed  the  introduction  of  the  metric  system 
into  the  United  States,  and  that  he  believed  decimal  numbers 
were  ''  not  adequate  to  the  wants  of  man  in  society,"  why,  John 
Quinc}^  Adams  is  a  back  number !  On  the  same  page  is  announced 
the  discovery  of  some  "admissions,"  made  by  reading  "English 
versus  Metric, "  "  partially. ' '  Read  ing  * '  partially  "  is  a  favorite 
expedient  in  advocating  the  metric  cause,  but  is  it  worth  while? 

On  page  543  appears  the  confession  that  840  yards  "prob- 
ably "  is  the  generally  accepted  standard  for  cotton  in  this  conn, 
try.  AVhy  not  say  plainly  that  it  not  only  is  the  only  cotton 
standard  used  in  America,  but  is  the  controlling  standard  in 
every  community  on  earth  where  raw  cotton  is  spun  into  yarn  ? 
A  little  book  or  sample  card  received  a  few  weeks  ago,  published 
in  Bayreuth,  Germany,  by  Otto  Holtzhausen,  showed  li  lengths 
of  white  cotton  yarn,  ranging  from  ]^o.  6  to  Xo.  4:5,  mounted 
on  a  black  ground  with  the  number  above  each  one.  In  the  few 
explanatory  words  attached  appears  this  sentence:  "  Die  Xum- 
mernbezeichnung  ist  die  Englische."  (The  counts  are  English.) 
This  collection  is  issued  for  sale  to  German  manufacturers  and 
merchants.  Professor  Crosby  cannot  find  one  American  cotton 
manufacturer  whose  ideas  of  yarn  sizes  are  not  expressed  exactly 
by  this  German  card.  Let  him  take  it  to  England  and  he  Avill 
find  every  one  of  the  46,000,000  cotton  spindles  there  spinning 
yarn  by  the  standard  of  this  Bayreuth  card.  Take  it  to  France 
and  he  will  find  the  French  spinners  with  their  minds  muddled 
by  the  use  of  both  the  English  system  and  a  French  system, 
which  is  not  metric,  but  all  acquainted  with  the  English  numbers 
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on  tlio  card.  Let  him  carry  it  back  to  Germany,  where  it  was 
j)ublislje(l,  then  to  Switzerland,  Ilolhind,  Belgium,  Austria,  Italy, 
Spain,  and  llussia,  and  he  will  find  the  spinners  in  tliese  coun- 
tries using  and  perfectly  familiar  with  its  standard.  Journey 
still  furtlier  around  the  globe,  and  in  India  he  will  find  the 
5,000,000  spindles  there  spinning  cotton  yarn  by  the  same  stand- 
ard and  at  less  cost  than  in  any  other  place  on  earth.  Go  still 
further  until  China  is  reached ;  open  the  German  card  and  the 
almond  eyes  of  the  celestial  cotton  spinner  will  brighten  in  recog- 
nition of  its  numbers  and  sizes.  Passing  northward  to  Japan  he 
will  find  that  the  card  likewise  indicates  the  sizes  of  Japanese  yarn. 
Let  him  now  cross  the  Pacific  to  his  home  in  Low^ell,  and  there 
he  will  still  hear  the  same  monotonous  story.  Every  Lowell, 
every  American  cotton  mill,  is  spinning  cotton  yarn  by  the  840 
yard  standard  of  this  German  card.  He  has  travelled  around  the 
globe  and  found  it  to  be  the  world's  standard.  *' End  there  is 
none,  lo,  also,  there  is  no  beginning!  "  Nowhere  can  he  escape 
from  it  unless  in  the  class-room  of  his  OAvn  school. 

If  the  same  journey  be  made  with  the  560  yard-pound  worsted 
base,  wdiich  is  the  only  one  used  in  America,  it  will  be  found  the 
exclusive  standard  in  the  British  Empire,  and  a  leading  one  in 
Continental  Europe. 

Turning  to  the  remarks  on  page  543,  we  find  equally  mislead- 
ing statements.  Other  textile  materials,  such  as  cotton  or  wool, 
are  received  by  the  spinner  in  the  form  of  a  tangled  mass  that 
is  first  converted  into  a  coarse  sliver  or  rope,  w^hich  each  succes- 
sive process  up  to  and  including  spinning,  makes  finer.  With 
silk  the  operation  is  reversed.  The  silkworm  spins  the  silk 
filament  to  an  extreme  fineness,  which  measures  on  an  average 
about  1,100  miles  per  pound.  In  this  form  it  is  too  fine  and 
delicate  to  be  woven.  The  first  process,  therefore,  is  to  double 
and  twnst  a  number  of  the  cocoon  filaments  together  by  a  pro- 
cess called  reeling,  which  is  carried  on  w^here  the  silk  is  raised. 
This  reeled  silk  is  the  '^raw  silk"  of  commerce  and  the  raw 
material  of  our  silk  mills. 

It  is  still  too  fine  for  weaving,  and  passes  through  several 
processes  of  doubling  and  twisting,  wdnch  convert  it  into  what 
is  called  "thrown  silk,"  each  operation  increasing  the  size  and 
w^eight  of  the  yarn.  The  fact  that  a  fibrous  mass  like  cotton  or 
wool  is  successively  made  finer,  while  silk  is  made  coarser  during 
conversion  into  yarn,  explains  why  the  system  of  yarn  number- 


THE    MKTRIC    SYSTEM.  t}Cu) 

ini;-  lor  ono  is  directly  (>])]>ositr  to  that  I'or  tho  other.  Whon  the 
process  makes  the  strand  liner,  a  fixed  wei<::ht  ;ind  a  variable 
lenii:tli  are  used;  when  the  strand  grows  coarser  as  with  silk,  a 
fixed  length  and  a  variable  weight  form  the  basis.  With  botli 
svstems  the  number  increases  as  the  process  of  manufacture  ad- 
vances. From  this  it  is  easily  seen  why  the  ''  s])un  silk  ''  yarn, 
which  is  made  from  the  tangled  mass  of  waste  silk,  is  numbered 
by  the  cotton  and  not  by  the  silk  system. 

The  Lowell  writers  state  that  three  different  systems  are  used 
in  America  for  i-aw  silk.  This  is  a  mistake;  they  confuse  raw 
with  thrown  silk.  The  following  statement  is  by  a  ])ractical  silk 
manufacturer  who  buys  raw  silk  and  converts  it  into  cloth,  James 
Cliittick,  Clifton  Silk  Mills,  Weeliawken,  Xew  Jersey: 

Regarding  the  various  systems  for  denoting  the  sizes  of  raw  silk,  I  would  say 
that,  while  different  met  hods  of  more  or  less  merit  have  been  proposed  and  adopt^^d 
from  time  to  time  (the  last  one,  I  believe,  being  arranged  at  the  recent  Paris  Ex- 
position), yet  in  this  market  (Xew  York)  at  any  rate,  there  is  little  use  in  consid- 
ering anything  except  the  old  system  based  on  reelings  of  476  metres.  This  is  the 
only  one,  practically,  in  which  business  is  transacted.  All  the  letters  and  cables 
from  Europe  and  Asia,  all  the  reports  of  sales,  crops  and  conditions,  all  the  con- 
ditioning houses,  every  one  in  fact,  uses  this  system  in  their  talk  and  in  their  trad- 
ing. 

This  470  metre  or  520  yard  basis  is  simply  the  metric  equiva- 
lent of  ^  of  an  ancient  French  length — 9,0uo  aunes,  of  which  the 
weight  in  deniers  (an  old  French  coin)  indicates  the  number  of 
the  silk  yarn. 

The  French-  have  tried  in  vain  to  change  this  denier-aune 
standard,  until  at  the  Paris  Metric  Congress  of  IIH.h),  they  ac- 
knowledged defeat,  abandoned  the  metric  standards  which  no 
one  would  use,  and  adopted  the  metric  equivalent  of  the  denier 
— iOO  aune  basis  (which  is  denii-decigramme-ioi^  metres),  sugar- 
coating  the  dose  with  the  pretence  that  they  thus  reached  a 
metric  basis.  Knowing  that  the  trade  would  not  use  the  out- 
landish word  '' demi-decigramme.''  they  actually  abandoned  the 
sacred  metric  nomenclature  and  called  the  demi-decigramme  a 
denier. 

A  few  extracts  from  the  proceedings,  showing  how  the  metric 
system  was  abandoned  by  its  friends  in  the  place  of  its  birth  in 
1900,  ma}"  not  come  amiss  at  this  point  for  those  who  propose 
that  all  raw  silk  coming  from  foreign  parts  shall  be  numbered 
by  the  decimal  svstem  in  America.     Bear  in  mind  that  the  use 
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of  450  metre,  Italian  system,  in  place  ol'  1,000  metres  is  the  use 
of  jp^  in  })lace  of  Vo  and  the  complete  abandonment  of  the  decimal 
basis,  notwithstanding  the  statement  to  the  contrary  in  the  Paris 
resoluti<m  which  follows.  The  450  metres  is  simply  the  metric 
equivalent  of  an  old  lenoth  originally  expressed  in  aunes. 

M.  ChaiTioiuird,  Pii^o.  35.  Silk.  There  is,  to  he  sure,  considerable  apparent 
confusion  in  the  measures  used  in  the  various  silk  markets.  In  France,  in  spite 
of  the  law  of  18(^)6,  the  denier  (.0531  grams)  -.476  meters  is  used;  in  Germany,  the 
Turin  system  denier  (.05336  grams)  -476  meters;  in  Italy,  the  denier  (.05  grams) 
-450  meters.  But  these  local  measures  which  seem  ver}^  diverse  are  nearly  equiv- 
alent. Thus,  20  denier  Italian  corresponds  to  19.80  denier  French  and  to  19.90 
denier  Turin.  Now  the  new  numbers  proposed  (but  not  adopted  by  this  Con- 
gress) ^^'\U.  be  11  per  cent,  higher;  a  20  denier  Italian  would  be  22.20  by  the  new 
method. 

Lyons  stated  frankly  the  terms  on  which  it  would  "adopt" 
tlie  metric  system  in  these  words: 

M.  Chamonard,  Page  35.  The  sj'stem  which  these  two  Lyons  Chambers  pro- 
pose is  practically  the  use  of  a  ticket  on  which  the  weight  in  demi-decigramms  per 
500  meters  will  be  reduced  to  the  local  system  of  each  country. 

Hear  the  pathetic  appeal  of  that  lost  sheep,  the  waste  silk 
spinner.     Page  44: 

M.  Strohl.  I  am  a  spinner  of  waste  silk  and  I  pray  that  something  be  done  for 
us.  If  I  go  the  cotton  section,  they  tell  me  that  my  line  does  not  concern  them; 
if  I  go  the  wool  section  which  has  the  metric  system,  they  likewise  tell  me  that  I 
am  not  in  their  line,  and  so  I  come  to  you  to  ask  that  you  support  the  1,000  meter- 
kilogramme  for  spun  silk. 

]S"ow  come  the  resolutions  by  the  Paris  Metric  Congress  as  to 
numberinfif  silk.     Paoe  43 : 

M.  Testinoire  read  the  following  resolutions : 

Whereas:  The  official  French  numbering  for  silk,  defined  by  the  law  of  1866 
has  never  been  used  in  the  silk  trade,  and, 

Whereas:  The  only  systems  in  use  are  the  Lyons,  used  in  the  United  States, 
France  and  Japan ;  the  Italian  used  in  most  of  the  other  silk  countries,  notably  in 
Germany,  Austria,  Ital}^  and  Switzerland,  and. 

Whereas:  It  is  important  while  seeking  unification  on  metric  and  decimal  bases 
to  take  into  account  the  customs  of  the  different  silk  markets,  and, 

Whereas:  The  difference  between  the  two  above-named  systems  is  negligible, 
therefore, 

Resolved:  That  the  Italian  system,  which  is  metric  and  decimal,*  be  adopted 
by  all  nations  as  the  international  standard. 

Adopted  unanimously. 

*  It  is  not  decimal  and  no  more  metric  than  it  is  English  or  Chinese.     As  well 
might  we  convert  the   1000  meter-kilogramme  into  a  495  yard-pound  syst 
and  call  it  English. 
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111  otluM"  words: 

Wlicrcds:  W'Mvv  will  not  niii  ii|)  hill  ;it  our  comiiiMiKJ,  t  iicroforc, 
Risal red :  Tliat  that  water  shall  in  luture  run  down  hill. 

The  li^lit  is  broakin*^  when  a  system  of  weights  and  measures 
is  adopted  at  Paris  because  it  is  in  general  use.  Fortunate,  in. 
(\oed,  would  it  have  been  for  the  unification  of  the  world's  weiirlits 
ami  measures  if  this  ])riiicii)le  had  been  recognized  in  Paris  110 
year  ago  by  making  the  French  metre  30  inches  and  the  French 
pound  10  ounces. 

In  some  of  our  large  silk  mills  when  raw  silk  is  converted  into 
woven  cloth  the  denier-aune  or  its  English  equivalent  is  retained 
until  the  yarn  becomes  cloth  which  is  then  measured  by  the  yard. 
AVith  such  exceptions  the  only  English  standard  for  thrown  silk 
deserving  any  attention  is  based  on  the  weight  in  drams  of  lUOO 
yards.  That  the  dram  1,00<)  yard  base,  Avhich  is  the  standard 
for  this  country  and  Great  Britain,  has  invaded  even  France, 
is  shown  by  the  following  extract.  Paris  Metric  Congress. 
Page  33: 

M.  Persoz.  The  English  dram  system  is  used  also  in  the  Calais  district  in  the 
machine  lace  industry. 

The  two  following  letters,  one  from .  Messrs.   Cheney  Bros., 
South  Manchester,  Conn.,  the  leading  silk  manufacturers  of  this 
country,  and  the  other  from  Charles  H.  Ivnapp,  Paterson,  IS".  J. 
builder  of  silk  reels  and  scales,  show  what  American  silk  stand, 
ards  are  to-dav : 

South  Maxchestek,  Coxn.  January  27,  1903. 
Dear  Sir: 

Your  letter  of  January  26  is  received.  The  system  of  numbering  silk  to  which 
you  refer,  as  using  20,000  yards  to  an  ounce,  is  one  which  is  unfamiliar  to  us.  We 
do  not  remember  to  have  ever  seen  it.  The  dram  per  1,000  yards  system  was  es- 
tablished in  the  daj-s  before  the  invention  of  the  Grant  Reel,  when  skeins  were 
generally  reeled  1,000  yards  in  length  and  the  size  could  be  determined  by  weigh- 
ing the  skein.  This  is  no  longer  true,  since  the  introduction  of  the  Grant  Reel, 
the  skeins  being  made  nmch  larger,  but  the  system  is  still  used  to  designate 
thrown  silk  by  a  great  many  manufacturers,  chiefly  for  trams. 

The  denier  system  is  almost  uni\-ersally  used  on  raw  silk.  We  use  it  for  thro^Ti 
silk  as  well,  trams  and  organzines.  In  thrown  silk  this  system  is  in  quite  general 
use  for  designating  the  size  of  organzine,  but  very  much  less  frequently  for  tram. 
One  dram  is  equivalent  to  17  4-10  denier.  There  is  a  comparative  yarn  tab^e 
which  was  first  published  in  Scotland  a  good  many  years  ago  and  has  since  been 
used  in  most  of  the  books  of  calculation.     It  can  be  found  in  ttie  pamphlet  pub-- 
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lishod  by  the  Silk  Conditioning  House  in  New  York  and  also  in  the  Silk  Calculator, 
puhlishcd  by  John  J.  liuefijf!;,  Patcrson,  N.  J. 

The  2(),0()()  yard  per  ounce  system  is  not  recognized  in  these  tables. 

Yours  truly, 

(Signed)  Cheney  Bros. 

Paterson,  N.  J.,  January  29,  1903. 

Dear  Sir: 

Yours  of  the  28th  at  hand.  I  do  not  know  of  any  standards  for  thrown  silk 
other  than  the  dram  1 ,000  yards.  Thrown  silk  is  bought,  sold  and  talked  about 
as  such  a  dram,  ''organ"  or  "tram"  silk,  the  1,000  yards  being  always  under- 
stood. 

Very  truly  yours, 

(Signed)  Chas.  H.  Knapp. 

The  ounce-20,000  standard  which  is  bothering  the  Lowell  in- 
structors is  not  known  to  these  authorities.  If  we  follow  Pro- 
fessor Crosby's  advice,  this  dram  1,000  yard  standard  will  be 
abandoned  for  a  demi-decigramme  (denier)-450  metre  base,  all  in 
the  name  of  simplicity  and  uniformity.  How  does  he  propose 
to  make  the  change  ?  Why,  what  the  bayonet  has  failed  to  do 
in  the  mills  of  France  is  to  be  done  in  our  mills  by  teaching  the 
children  in  the  schools. 

Outside  of  the  silk  industry,  for  which  a  separate  system  of 
numbering  is  required,  the  Lowell  instructors  have,  by  counting 
one  standard  (300  yards)  twice,  succeeded  in  reaching  a  total  of 
8  systems  of  yarn  numbering,  which  they  assert  are  used  in  this 
country.  Five  of  them  are  credited  to  the  carded  woolen  branch. 
Of  these  five  the  20  yard-grain  method  is  not  a  system  of  yarn 
numbering  at  all.  It  is  one  of  many  methods  of  weighing  used 
principally  in  knitting  mills  where  the  count  of  yarn  does  not 
play  so  important  a  part  in  technical  calculations.  Eot  only  the 
20  yard  length,  but  also  GJ,  12^,  25,  50  and  100  yards,  are  used, 
in  fact,  any  length  that  suits  the  weigher.  These  methods, 
which  are  based  on  a  fixed  length  and  variable  weight  (as  for 
silk),  are  sometimes  used  for  indicating  the  size  of  very  coarse 
yarn  and  slubbing,  for  which  the  ordinary  fixed  weight  and 
variable  length  system  is  unsuitable.  These  exceptions  would 
occur  with  the  metric  or  any  other  system. 

By  scraping  this  country  and  Canada  with  a  fine-toothed  comb, 
other  woollen  s^^stems  than  the  two  first  mentioned  (300  and  1,600 
yards)  might  be  found  in  isolated  weaving  mills.     I  do  not  say 
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thov  can  be  found,  for  in  a  continuous  service  of  nearly  twentv- 
tivo  years   in  inanufacturini^  woollens,  only   the    1, <)()()  and  the 
Philadelphia  300  yard  standard  wore  encountered.     The  others, 
if  they  are  to  be  found  on  this  continent,  are  of  no  si<^milicance. 
The  American  yarn  standards  for  the  weaving  industry,  exclu- 
sive of  silk,  are  four  in  number,  as  explained  early  in  this  paper. 
Every  one  of  them,  as  well  as  every  one  of  the  eight  (counting 
one  twice)  mentioned  by  Professor  Crosby,  is  based  on  the  Eng- 
lish yard-pound.     Assume  the  existence  of  these  eight,  however, 
sipiare  them  and  multiply  the  product  by  10;  scatter  the  result- 
ing (UO  at  random  through  the  cotton,  woollen,  worsted  and  linen 
mills  of  America,  and  the  eflPect  would  be  simplicity  itself  com- 
])ared  with  the  concurrent  use  of  two  systems  based  on  incom- 
mensurable units  such  as  the  3^ard-]iound  and  the  kilogramme- 
metre,  which  paralyze  calculations  with  such  problems  as  the  con- 
version of  yarn  gauged  by  skeins  of  TOS.Ol*  metres  per  453.59 
grams  into  yards  and  pounds  of  cloth.     Page  543  treats  both  of 
^  arn  numberino-  and  of  the  la^v.     The  theory  that  the  vast  and 
complex  industries  of  the  country  are  to  be  hypnotized  into  adopt- 
ing the  metric  system  by  seeing  it  forced  on  a  few  helpless  gov- 
ernment employes  is  certainly  new.     The  failure  of  a  century  of 
direct  compulsory  law  in  France  ought  to  be  a  lesson  to  Ameri- 
cans, for  whom  the  power  of  law  over  weights  and  measures  was 
thus  defined  bv  John  Quincv  Adams: 


These  purposes,  regn-ilation  of  weights  and  measures,  however,  require  powers 
which  no  legislator  has  hitherto  been  found  to  possess.  The  power  of  the  legis- 
lator is  limited  by  the  extent  of  his  territories  and  the  numl>ers  of  his  people.  The 
principle  of  universality,  therefore,  cannot  be  made  by  the  mere  agency  of  his 
power,  to  extend  beyond  the  inhabitants  of  his  own  possessions.  The  power  of 
the  legislator  is  limited  over  time.  He  is  liable  to  change  his  owii  purposes.  He 
is  not  infalliable ;  he  is  liable  to  mistake  the  means  of  efifecting  his  own  objects. 
He  is  not  immortal:  his  successor  succeeds  to  his  power  with  different  views,  dif- 
ferent opinions,  and  perhaps  different  principles.  The  legislator  has  no  power 
over  the  properties  of  matter.  He  cannot  give  a  new  constitution  to  nature.  He 
cannot  repeal  her  law  of  universal  mutability.  He  cannot  square  the  circle.  He 
cannot  reduce  extension  and  gra\'ity  to  one  common  measure.  He  cannot  di\ide 
or  multiply  the  parts  of  the  surface,  the  cube  or  the  sphere,  b}-  the  uniform  and 
exclusive  number  ten.  The  power  of  the  legislator  is  limited  over  the  will  and 
actions  of  his  subjects.  His  conflict  with  them  is  desperate,  when  he  coun- 
teracts their  settled  habits,  their  established  usages,  their  domestic  and  individual 
economy,  their  ignorance,  their  prejudices  and  their  wants;  all  which  is  unavoid- 
able in  the  attempt  radically  to  change  or  to  oiiginate,  a  totally  new  system  of 
weights  and  measures. 
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At  the  metric  bearing  the  Congressional  Conrimittee  were  duly 
impressed  with  the  following  testimony  of  Professor  Crosby: 

If  it  is  of  interest  to  you  I  can  exhibit  the  details  of  a  problem  in  cloth  analysis, 
done  both  by  the  ordinary  and  by  the  metric  systems.  In  the  case  of  the  former 
several  sheets  of  paper  are  recjuired  to  contain  the  figures,  while  in  the  metric 
system  but  few  figures  are  necessary.  .  .  .  One  afternoon  I  asked  him  (my 
head  instructor)  to  make  me  sample  calculations  both  on  the  metric  and  the  Amer- 
ican syst(Mns.  Witliout  any  sp(M'ial  preparation,  other  tlian  ascertaining  the  con- 
stant relation  between  metre  and  3'ard,  poimd  and  kilogram,  he  returned  to  ine  in 
the  morning  these  calculations  to  which  I  have  referred. 

The  Chairman. — HaA'c  you  got  that  work  here? 

Professor  Crosby. — I  have  it  in  my  notes  and  shall  be  glad  to  put  it  on  record  if 
you  wish.  The  ease  and  rapidity  of  calculation  as  compared  with  the  present 
system  in  actual  use  is  greater  than  any  of  us  had  thought  for.  I  can  furnish 
many  other  illustrations,  if  desired,  along  this  same  line. 

The  promised  figures  were  not  included  in  the  report  of  the 
hearing.  Every  effort  to  secure  a  copy  of  them  failed,  although 
the  friends  of  the  metric  system,  were  exultingly  pointing  to  this 
testimony  as  proof  tliat  the  metric  system  would  be  a  great  aid 
to  the  textile  industries. 

An  experience  of  nearly  twenty-five  years  in  textile  mills  has 
shown  that  calculations  by  the  English  system  for  cloth  analysis, 
carried  no  matter  how  far,  do  not  necessitate  filling  several 
sheets  of  paper  of  ordinary  size  with  figures,  and  to  demonstrate 
that  fact  the  method  used  continuously  for  years  was  illustrated 
by  practical  examples  in  ''  Is  It  Worth  While?  "  and  "  English 
versus  Metric." 

In  the  Lowell  example  the  first  thing  that  meets  the  eye  is 
the  loom  width  of  the  goods;  English,  31%;  inches;  metric,  8  deci- 
metres. It  may  be  well  to  explain  that  cloth  is  made  wider  in 
the  loom  than  when  finished,  to  allow  for  the  shrinkage  in  finish- 
ing, the  difference  varying  widely  with  different  fabrics.  This 
loom  width  must  be  adjusted  with  extreme  care  that  not  only 
the  final  width^  but  also  the  weight,  ''  handle  "  and  finish  of  the 
goods  may  be  right.  A  difference  of  an  inch  in  the  loom  width 
may  mean  the  difference  between  the  success  and  failure  of  the 
fabric.  I  remember  a  case  Avhere  marking  the  loom  width  3y% 
inches  more  than  it  should  have  been,  by  a  designer  in  copying 
a  draft  sent  to  a  branch  mill,  filled  that  mill  with  tender  and 
unmerchantable  goods. 

The  practice  in  mills  is  to  express  loom  widths  in  tenths  of  an 
inch  by  the  English,  and  in  centimetres  by  the  metric  system. 
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Ono  of  the  defects  of  the  metric  system  in  textile  nuiniif:icturin<^ 
is  found  here.  The  centimetre  (j^o  incli)  is  too  hLr«^e  for  the  unit 
of  width.  The  millimetre  is  too  sm;dl,  ;ind  necesitates  the  use 
of  four  ligures  to  express  the  widths  of  most  cloths.  The  tenth 
of  an  pjiglish  inch  is  the  ideal  unit  for  this  purpose;.  The  ex- 
pression of  the  Avidth  in  even  units,  each  four  inches  lon*^  (deci- 
metres) in  the  Lowell  example,  stamps  the  Lowell  fabi'ic  as  su])- 
posititious,  designed  to  serve  the  ])urposes  of  the  comparison. 
The  centimetre  is  too  large  to  ex|)ress  the  loom  width ;  the  deci- 
metre for  this  ]nirpose  is  simply  impossible. 

The  next  feature  to  arrest  the  attention  is  the  extension  of  the 
weight  per  yard  to  the  ten  thousandth  of  an  ounce.  The  weight 
per  yard  of  such  goods  as  the  Lowell  fabric  is  su]>posed  to  be  is 
expressed  in  tenths  of  an  ounce.  It  is  usual  to  allow  for  an  un- 
avoidable fluctuation  of  at  least  one-half  ounce  per  yard  in  the 
pieces  as  they  come  from  the  mill,  yet  in  the  Lowell  English  lay- 
out a  difference  of  less  than  ^^  of  a  grain  per  yard  is  calculated. 
The  practical  character  of  the  Lowell  example  can  be  judged 
from  the  fact  that  it  Avould  require  160,000  yards,  or  over  90 
miles  of  cloth  to  make  this  difference  equal  a  pound.  Ttemember 
that  this  fabric  is  offered  as  an  example  of  metric  consistency. 

Turning  to  the  metric  lay-out,  we  find  the  weight  per  metre 
expressed  in  hundredths  of  a  gram  (about  4-  of  a  grain).  From  a 
practical  point  of  view  1-  of  a  grain  per  yard  of  cloth  is  just  as  pre- 
posterous as  gV-  The  two  may  be  likened  to  indicating  the  dis- 
tance between  LoAvell  and  Boston  in  millimetres  and  in  centimetres. 
The  ideal  unit  with  which  to  express  the  weight  per  yard  of  cloth 
is  the  English  ounce  divided  into  tenths,  a?id  there  is  no  metric 
'unit  that  even  approximately  corresponds  to  it.  The  gram  (2V  of 
an  ounce)  is  too  small;  the  dekagram  (|  of  an  ounce)  is  too  large. 

In  the  form  in  which  the  problems  appear  in  the  Lowell  paper 
no  opportunity  is  given  to  compare  the  different  methods  of  cal- 
culations, in  fact,  one  looks  about  as  complicated  as  the  other. 
I,  therefore,  annex  these  Lowell  problems  worked  out  in  full  by 
three  methods,  Lowell  English,  Lowell  metric,  and  my  own 
mill  practice.  In  the  last-named,  no  other  principles  have  been 
applied  than  those  explained  in  this  paper.  The  calculations 
tell  the  following  story: 

^lill  English  requires  160  figures. 
Lowell  metric  requires  245  figures. 
Lowell  English  requires  223  figures. 
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Of  the  metric  figures,  90  are  used  for  the  final  reduction,  so 
that  the  metric  alone  would  require  155  figures. 

The  metric  system  in  the  Lowell  Textile  Scliool  has  enabled 
the  student  to  accomplish  with  245  figures  wliat  he  could  do  with 
1()0  by  the  mill  English  method,  or  witli  223  figures  even  by  the 
very  elementary  formulas  of  the  Lowell  English  calculations. 

These  comparative  tests  of  the  English  and  the  metric  systems, 
like  the  problems  in  cloth  analysis  in  '^English  versus  Metric," 
show  that  textile  calculations  can  be  made  more  easily  with  the 
English  than  with  the  metric  system.  They  show  that  the  sizes 
of  the  English  units  are  well  suited  for  the  practical  requirements 
of  textile  measurements.     They  also  show  that  neither  the  metric 
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linear,  surface  nor  weight  units  are  suited  for  such  measurements, 
being  invariably  either  too  large  or  too  small  for  the  purpose. 

Why  should  an  approximation  of  the  ten-millionth  part  of  the 
distance  from  the  equator  to  the  E'orth  Pole  via  Paris,  success- 
ively multiplied  and  divided  by  ten,  give  units  suited  for  the 
manufacture  of  textile  fibres  into  yarn  and  cloth  for  covering 
the  nakedness,  or  protecting,  or  adorning  the  body  of  man  ? 

The  claims  of  superiority  for  the  metric  system  in  textile  manu- 
facturing consist  entirely  of  generalizations.  Subjected  to  a 
practical  test,  based  as  in  "  English  versus  Metric,"  on  a  sample 
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of  cloth  found  in  the  nuyket,  the  metric  is  found  to  be  decidedly 
inferior  to  the  English  system.  If  the  comparison  is  made,  as  in 
the  Lowell  case,  under  imaginary  con<litibns  favoring  the  metric, 
the  superiority  of  the  English  system  becomes  even  more  mani- 
fest. If  ])ractical  mill  men  have,  as  Professor  Cnjsby  asserts, 
demonstrated  the  superiority  of  the  metric  system,  the  ])ublic 
lias  not  yet  been  let  into  the  secret.  As  to  juggling  with  iigures, 
I  he  record  s])eaks  for  itself. 

What,  then,  is  gained  by  tlie  use  of  this  metric  method? 
Xothinof.  What  is  lost  in  addition  to  time  and  labor?  A  irreat 
deal,  not  the  least  being  the  loss  of  practice  by  the  student  in 
making  English  calculations  which  he  must  use  in  the  mill.  An- 
other thing  that  is  lost  is  the  clear  idea  of  the  relations  of  raw 
materials  and  finished  fabrics  to  the  size  numbers  of  the  yarn. 

It  should  be  carefully  borne  in  mind  that  these  calculations  do 
not  show  the  chaos  that  results  from  the  use  of  the  two  systems, 
English  and  metric,  in  the  same  mill,  with  the  constant  oscilla- 
tion between  incommensurable  units.  With  the  exception  of  the 
tinal  conversion  in  the  metric  process  these  calculations  are  either 
English  or  metric.  The  chaos,  or,  as  Herr  Muench-Ferber  ex- 
presses it,  the  ''ungodly  disorder"  Avhich  is  caused  by  the  use 
of  both  the  yard-pound  and  the  kilogramme-metre  in  mill  work, 
is  faintly  shown  bv  Frowein's  estimate  of  cost  in  ''  EnHish  versus 
Metric,"  and  still  better  by  French  and  German  technical  books 
and  journals. 

Following  the  calculations  comes  a  reference  to  a  Bradford 
conditioning  house.  A  conditioning  house  is  not  a  mill.  In  it 
not  one  of  the  processes  b}^  which  raw  material  is  converted 
into  cloth  is  carried  on.  The  material  is  received  and  delivered, 
certificates  being  issued  as  to  its  condition.  It  is  a  storehouse 
in  which  the  employes  deal  with  textile  fibres  in  a  state  of  rest. 
They  do  not  come  in  contact  with  the  problems  of  the  mill  as 
does  the  manufacturer.  Their  point  of  view  is  limited.  They 
are  not  in  a  position  to  fully  recognize  the  needs  of  a  mill  or  the 
danger  of  interfering  with  mill  methods.  For  their  calculations, 
thus  restricted,  an  exclusive  decimal  system  is  sufficient,  as  it  is 
for  bookkeeping,  and  the  managers  of  conditioning  houses  are 
disposed  to  favor  an  exclusively  decimal  system  of  weights  and 
measures  fpr  the  same  reason  that  influences  men  whose  minds 
are  occupied  exclusively  with  accounts.  Decimals  alone  serve 
their  purposes,  and  they  think  it  is  the  same  with  everyone  else. 
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Tliis  phase  of  the  question  was  well  illustrated  by  the  171 
('hambersof  Commerce  throughout  the  British  Empire,  which 
declared  for  the  luetric  system.  This  threw  the  Paris  Metric 
Congress  into  convulsions  of  joy,  on  which  the  English  delegate, 
Mr.  Crawford,  poured  cold  water  in  these  words.     Page  60: 

M.  le  president.     Cannot  the  171  Chambers  of  Commerce  do  anything? 

M.  Crawford  (EngUsh  delegate).  We  have  l)roiight  the  subject  to  the  attention 
of  the  Chancellor  of  the  Exchequer,  but  he  replied  that  the  171  Chambers  of  Com- 
merce do  not  represent  the  country. 

One  solitary  mill,  making  cotton  warp  and  shoddy  filling  goods 
in  Batley  by  the  metric  system,  would  be  entitled  to  more  weight 
in  this  discussion  than  all  the  conditioning  houses  in  Europe. 

While  the  manager  of  the  Bradford  conditioning  house  is 
pegging  away  on  the  metric  system  with  a  tack  hammer,  the 
growth  of  the  only  three  great  undeveloped  nations  of  the  world, 
America,  Kussia  and  Great  Britain,  is  driving  English  units  into 
every  part  of  the  world,  with  a  pile-driver. 

The  next  thing  touched  upon  is  the  report  of  the  yarn  trade 
of  India.  It  is  by  no  means  a  new  story,  having  been  circulated 
freely  during  the  past  year  by  adyocates  of  the  metric  system  in 
all  parts  of  the  world.  In  substance,  the  claim  is  that  the  users 
of  silk  and  woollen  yarn  in  India  have  become  so  accustomed  to 
the  metric  system  of  numbering  yarn  that  they  will  have  no 
other,  especially  in  the  ' '  up  country, ' '  and  that  the  Indian  gov- 
ernment has  approved  of  the  importation  of  such  yarns  by  reason 
of  the  demand. 

Before  addressing  ourselves  to  silk  and  woollen  yarn  in  India 
it  is  well  to  state  that  the  hot  climate  of  that  region  makes  cot- 
ton and  silk  the  principal  materials  for  clothing  there.  Except 
in  the  hills,  wool  is  used  to  but  a  slight  extent.  India  is  both 
a  cotton-growing  and  a  cotton-manufacturing  country.  Here 
are  operated  5,000,000  spindles,  producing  cotton  yarn  and  cloth 
from  the  cheap  cotton  with  the  cheap  Indian  labor,  at  a  cost 
that  has  driven  even  the  English-made  yarn  from  the  Chinese 
markets.  Every  pound  of  this  yarn  is  spun  by  the  English  sys- 
tem of  weights  and  measures. 

Another  fact  to  be  kept  in  view  is  that  every  proposition  to 
introduce  the  metric  system  into  the  British  Empire  has  con- 
tained an  exception  as  to  India.  One  reference  on  this  pointy 
Paris  Metric  Yarn  Congress.     Page  69 : 
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M.  F.  l\i)v.  riu'  I'jifilisli  Clianihcrs  of  ('onmicrcc  thai  ask  for  the  metric  sys- 
(«'in  in  Eiiiilaiul  mako  an  exception  of  India,  when'  they  declare  it  is  inipussiblu 
to  chanp'  local  hahits  without  p;reat  disturbance. 

The  inortia  of  »>U0  millions  of  Asiatics  split  up  into  castes  and 
accustomed  to  their  own  and  the  English  wei<j^hts  and  measures, 
is  too  much  even  for  the  decimal  enthusiasm  of  171  ( 'handlers  of 
Commerce.     The  Sepoy  Rebellion  is  not  yet  for<^otten. 

AVe  can  dismiss  that  part  of  the  Indian  story  relatin*^'  to  silk 
yarn.  The  metric  system  is  not  used  for  silk,  even  in  France. 
AYe  have  already  seen  how  the  Metric  Congress  at  Paris  adopted 
a  silk  system,  ])artly  because  it  is  used  in  the  United  States. 

This  narrows  the  issue  down  to  woollen  yarn  in  India.  An 
examination  of  the  Official  Annual  Statement  of  the  Trade  of 
British  India  with  Foreio-n  Countries  for  the  vear  endin<2:  March 
:U,  IIKK),  fails  to  disclose  a  rupee's  worth  of  woollen  yarn  im- 
])orted  into  India.  A  statement  of  imports  of  all  kinds  into 
India  for  the  seven  months  ending  October,  1901,  likewise  con- 
tains no  record  of  any  woollen  yarn.  There  were  large  quanti- 
ties of  cotton  yarn  and  cloth,  raw  silk  and  silk  o'oods,  woollen 
piece  goods  and  shawls,  but  no  woollen  yarn.  With  the  desire 
to  run  the  story  down  if  possible,  the  files  of  the  Indian  Textile 
Journal  were  searched,  and  under  the  date  of  September  15, 
1902,  the  following  item  appeared: 

It  may  be  noted  that  at  Karachi,  last  year,  the  Collector  of  Customs  reported 
some  consignments  of  yarn  imported  were  marked  the  same  way  as  English  yarn, 
but  differed  materially  from  the  English  standard.  The  importers  alleged  that 
the  yarn  was  spun  and  marked  according  to  the  metric  system  of  counts. 

The  importers  "  alleged  "  it  was  metric,  but  was  it  the  metric 
or  some  of  the  28  different  European  systems  of  numbering  yarn 
that  were  used  for  this  jag  of  yarn  unearthed  by  a  customs  col- 
lector at  the  mouth  of  the  Indus  in  1901  ? 

There  are  a  number  of  errors  in  the  letters  from  which  Pro- 
fessor Crosby  quotes.  Mr.  Wolmer's  statement  about  ''prefer- 
ence "  for  metric  woollen,  worsted  and  silk  yarns  cannot  be  true 
as  to  silk,  and  is  contradicted  by  an  observer  in.  India  as  to 
woollen  and  worsted.  The  following  letter  is  from  a  man  on  the 
spot,  who  quotes  from  the  official  record,  and  ought  to  know  the 
facts : 

Bombay,  November  8,  1902. 
To  the  Editor  of  Textile  World,  Boston,  Mass. 
Dear  Sir: 

Referring  to  your  inquiry  of  the  Gth  of  September,  the  Government  of  India 
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have  now  no  obj(>ction  to  tho  np^jlication  of  the  niotric  system  of  marking  to  both 
silk  and  woollen  yjirns,  "  provided  that  the  maniifaeturers  follow  the  metric  system 
in  full,  qualifying;  the  marks  with  the  words  'Continental'  or  'Metric  system  of 
counts'  and  give  the  country  of  th(^  origin  of  the  yarns;  and  provided  also,  that 
the  yarns  marked  in  Jicccordancc  with  the  l^ritish  system  are  admitted  freely  as 
heretofore."  The  system  itself  has  not  yet  made  any  headway  here,  neverthe- 
less, and  merchants  think  it  will  take  some  time  before  it  is  fully  introduc(!d  into 
this  country.  Govermnent,  of  cours(%  will  not  undertake  to  specify  particular 
weiglits  and  measures  until  experience  shows  what  is  best  to  adopt  for  the  country 
and  nuich  also  will  depend  on  the  adoption  of  the  system  in  England  and 
German)^  Yours  truly, 

(Signed)  S.  M.  Rutnagur, 
Managing  Editor  of  Indian  Textile  Journal. 

Such  testimony  should  give  this  Indian  story  of  woollen  and 
silk  yarn  its  quietus.  Before  dismissing  the  subject,  let  me  call 
attention  to  the  statement  of  McDonald  &  Co.,  of  Karachi, 
India,  that  the  system  in  vogue  on  the  Continent  of  Europe 
(which  one  is  not  stated)  suits  the  Indian  looms  better  than  the 
English  s\^stem  does.  There  is  not  the  slightest  adjustment  of 
a  loom  that  is  in  any  way  affected  by  the  particular  system  used 
for  nutnbering  yarn.  Metric  reeds  would  be  required  if  the 
metric  S3^stem  was  used  for  the  cloth  (length  and  width)  as  well 
as  for  the  yarn,  which  is  surely  not  the  case  in  India.  But  a 
change  of  any  part  of  a  loom  to  suit  a  system  of  yarn  number- 
ing ?     Xever. 

The  cry  for  the  metric  system  to  help  our  foreign  trade  is  next 
made.  A  single  fact  is  sufficient  to  prove  how  fallacious  this 
appeal  is.  England  to-day  dominates  the  textile  export  trade  of 
the  world,  with  goods  made  and  sold  by  English  units.  Her 
exports  of  textiles,  added  to  those  from  India  and  the  United 
States,  all  made  by  English  standards,  amount  to  $425,000,000 
per  year,  as  compared  with  $95,000,000  exported  from  the  so- 
called  metric  countries,  France  and  Germany,  and  made  only 
partially  to  metric  standards.  In  our  leading  foreign  market, 
China,  the  import  duties  on  textiles  are  levied  by  English  units. 
The  new  Chinese  tariff  has  within  two  months  been  published  in 
German  papers  for  the  benefit  of  the  German  exporters,  and  not 
a  sino'le  reference  is  made  in  it  to  the  metric  svstem.  The  list 
covered  fifty-three  items.  The  rate  for  three  of  them  was  based 
on  the  Chinese  '^  catty  "  {H  lbs.);  for  five,  the  rate  was  ad  valo- 
rem; while  on  all  the  other  forty-five  the  dut}^  was  levied  by  thOj 
English  yard,  inch  or  pound. 
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If  II  fe)ivii;ii  cusLomer  wants  <^oo(ls  Mlli'd  in  any  special  units, 
it  can  bo  done  by  a  simple  process  of  conversion,  which  does  not 
interfere  with  man u facta rini^  ])i'()cesses.  Following  are  a  few 
extract.s  from  the  proceed  in  «^s  of  the  Paris  Metric  Yarn  Con- 
gress, bearing  on  this  point.     Page  09: 

M.  F.  Roy.  In  certain  of  our  FnMich  colonics  the  metric  system  has  not  been 
intnxluced.  It  is  necessary  to  proceed  graclually  and  at  first  to  mark  the  number 
of  metres  beside  the  yards  and  tli<'  metric  beside  the  EngUsh  numbers. 

Raron  EsnauU-Pcheric.  This  difficuUy  (in  foreign  trade)  has  been  solved  in 
France,  since  we  export  to  the  far  east  our  cloths  folded  by  the  yard,  although 
the  metric  is  the  legal  system  in  France. 

Professor  Crosby  himself  unconsciously  gives  an  object  lesson 
in  conversion  in  his  metric  calculations. 

The  claim  that  ado])ting  the  metric  system  would  help  us  to 

sell  yarn  abroad  is  grotescjue  in  face  of  the  fact  that  Germany 

has  been  forced  to  adopt  the  English  standard  for  levying  duties 

on  yarn  because  German  manufacturers  use  that  standard.     The 

yarn  exporting  nations  are  laboring  under  no  such'  delusions. 

Here  are  a  few  extracts  from  statements  made  at  the  Paris  Metric 

Yarn  Congress  of  1900: 

M.  Baron  Cantoni,  Itah'.  The  Italian  government  is  at  all  times  favorable  to 
the  use  of  the  metric  system  in  numbering  3'arn,  and  I  doubt  not  it  would  accept 
immediately  the  new  numbers  for  statistics  and  tariffs.  As  a  matter  of  fact,  we 
find  ourselves  in  the  strange  situation  that  all  of  our  commerce  is  based  on  the 
English  system  of  numbering  while  the  government  has  adopted  the  metric  sys- 
tem. After  preceding  yarn  congresses,  we  have  tried  to  introduce  the  metric  sys- 
tem without  a  compulsor}'  law,  but  individual  action  was  not  sufficient.  There 
are  difficulties  in  the  way  of  a  compulsory  law;  for  some  time  past,  Italy  has 
been  an  exporting  country.  An  importing  country  may  oblige  the  foreign  ex- 
porters to  conform  to  its  regulations.  But  ^^ith  an  exporting  nation  the  affair  is 
more  difficult.  Italy  has  no  colonies.  We  export  about  60  miUion  (sic)  of  cotton 
yam  and  cloth  to  foreign  countries  and  we  compete  directly  with  England,  and 
until  England  changes  we  cannot  hope  to  introduce  a  new  system  in  the  Orient  or 
in  other  markets. 

It  is  necessary  to  remember  that  nearly  all  the  exports  of  cotton  yarn  are  from 
England,  and  we  can  do  notliing  if  that  country  does  not  adopt  the  system  we 

favor The  difficulty  -vNill  always  be  in  exporting  to  uncivilized  lands 

where  the  people  have  been  accustomed  for  a  hundred  years  to  English  measures 
and  numbers  and  where  articles  of  cotton  are  often  iLsed  as  currency. 

Everything  depends  on  England.  Our  silk  weavers,  who  are  the  only  manu- 
facturers importing  combed  cotton  yarn  in  fine  numbers,  find  these  yarns  in  stock 
in  Manchester  to  supply  their  wants;  they  would  protest  against  this  burden 
(changing  to  the  metric  system.) 

M.  de  Pacher.  To  begin  -vs^ith,  I  must  say  that  it  is  my  belief  that  uniform  num- 
bering can  be  obtained  in  all  countries  only  by  a  law  made  compulsory  after  a  cer- 
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tain  date.  The  spinners  who  should  \)c^/in  lo  niimhcT  thoir  yarn  according  to  the 
resolutions  of  this  Congress  before  tlie  ohl  numbers  were  proliibited  by  hiw,  would 
be  under  tlic  necessity  of  keeping  their  product  until  forced  to  sell  it  at  the  best 
price  and  an  incalculable  loss. 

We  have  followed  Professor  Crosby  to  the  end  of  his  paper, 
and  considered  his  arguments  as  well  as  their  general  character 
permits.  In  the  textile  world  the  metric  system  has  no  reason 
for  its  existence.  There  are  three  objections  to  that  system,  any 
one  of  which  would  warrant  its  rejection  as  a  candidate  for 
international  favor: 

1.  The  size  of  its  units  are  not  suited  to  mill  work. 

2.  They  are  incommensurable  with  those  of  every  other  system 
on  earth,  which  makes  their  use  with  other  units  a  practical  im- 
])ossibility. 

3.  The  system  is  used  to  but  a  very  slight  extent,  its  partial 
introduction  in  Continental  Europe  having  served  only  to  make 

a  bad  matter  worse.  ,  ^^ 

On  the  other  hand,  the  English  system  is  a  real  international 

system,  used  for  probably  three-quarters  of  the  textile  work  of    , 

the  world  to-day.     Its  units,   commensurable  w^ith   the  linear 

units  of  the  Russian  Empire,  are  certain  to  become  the  system 

for  the  undeveloped  portions  of  the  earth,  America,  Asia,  Africa 

and  Australia.     Finally,  these  English  units,  the  result  of  the 

industrial  evolution  of  untold  ages,  are  exceptionally  w^ell  suited 

to  mill  work. 

There  is  one  thing  more  to  be  taken  into  consideration — tlie 

impossibility  of  our  changing  the  existing  standards,  even  if  it 
were  worth  while.  History  furnishes  no  record  of  a  language 
or  a  system  of  weights  and  measures  obliterated  by  arbitrary 
power.  Every  attempt  of  the  kind  has  only  emphasized  the 
Aveakness  of  man's  brief  authority.  The  use  of  languages, 
weights  and  measures  has  been  extended  and  restricted  only  by 
the  rise  and  fall  of  empires  and  peoples,  subject  to  a  higher  law, 
wdiich  sets  congresses,  parliaments,  kaisers,  presidents,  emperors 
and  czars  at  defiance.  Even  when  languages  and  systems  of 
weights  and  measures  hav^e  apparently  disappeared,  traces  of 
them,  like  the  fossils  in  the  rocks,  can  still  be  found  in  the  suc- 
ceeding languages,  weights  and  measures  of  tjie  world,  to  show 
that  the  units  of  a  dead  past  form  the  structure  of  the  living 
present. 
With  these  conditions  so  plain,  one  cannot  restrain  a  feeling 

I 


Tin:  Mrrnic  system.  679 

of  admiration  for  the  jaunty  way  in  wliidi  Professor  Crosby 
starts  out  to ''clian<j^e  every tliin<^/'  'Mt  is  nia<^nificent,  but  it 
is  not  war."  Instinctively  it  recalls  Don  Quixote's  famous 
attack  on  the  windmills,  and  I  cannot  refrain  from  addressuifi; 
to  the  professor  the  Avords  of  Sancho  Panza  to  his  master  as  the 
latter  Avas  about  to  charijfe  : 

*'  LcMik.  sir,  those  which  appear  yonder  are  not  giants  l)ut  windmills  ;  and 
what  seem  to  be  arms  are  the  siiils,  whieh,  wliirled  about  by  tlie  wind,  make 
the  millstone  go." 

Mr.  Paul  Lamoitiei\  of  Moscow  (by  invitation). — I  wish  to 
thank  the  American  Society  of  Mechanical  Engineers  for  send- 
ing me  the  paper  by  Mr.  Halse}^,  and  I  desire  to  avail  myself  of 
the  opportunity  to  correct  certain  of  his  statements.  lie  says: 
''  The  only  effect  of  the  adoption  of  the'  metric  system  in  both 
of  these  countries,  has  been  to  add  a  new  set  of  units  to  the  old 
ones."  On  the  contrary  this  has  had  effects  quite  different. 
1.  The  metric  numbering  of  yarns  replaces,  little  by  little,  the 
former  abitrary  calculations.  2.  It  is  actually  the  system  most 
in  use  in  Europe.  3.  In  a  few  years  there  will  be  no  mention 
made  of  the  different  standards  of  Saxon v,  Austria,  Prussia, 
Sedan,  Elboeuf,  Koubaix,  Eeims,  etc.  The  questions  arising 
from  these  units  are  of  less  and  less  consequence  all  the  while. 

It  appears  to  me,  on  the  other  hand,  that  it  should  be  stated 
moreover  that  the  campaign  in  favor  of  the  universal  adoption 
of  the  metric  system  in  numberino:  yarns  only  dates  from  a  few 
years  back,  and  that  this  period  has  been  sufficient  to  render  this 
adoption  complete  in  a  considerable  number  of  establishments. 
The  French  numbering  for  cotton  is  based  on  the  metric  system, 
the  standard  being  1,000  meters  and  the  unit  of  weight  500 
grams.  It  is  desirable  that  the  unit  of  weight  should  be  1,000 
grams,  as  I  have  stated  in  the  article  to  which  you  refer.  If  this 
were  done  there  would  be  only  a  single  unit  for  aU  textile 
material. 

I  wish  the  American  Engineers  could  visit  Europe  (exclusive 
of  England),  and  through  all  the  industrial  cities  which  spin  or 
weave  cotton  and  wool  would  ask  the  following  questions: 
1.  Do  y.ou  use  the  metric  system  in  your  calculations  and  in  the 
numbering  of  yarns  ?     2.  How  do  you  find  it  in  practice  ? 

I  feel  in  a  position  to  answer  in  advance  that  the  adoption  of 
the  metric  system  would  impose  itself  on  the  United  States  as  it 
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lias  already  imposed  itself  on  the  textile  industry  in  Europe.  I 
have  said  that  it  was  absurd,  moreover,  to  use  iu  this  industry 
any  other  units  in  those  countries  where  the  metric  system  is 
legalized.  I  repeat  it.  The  most  difficult  thing  to  overcome  in 
this  matter  is  conservatism  and  ignorance,  but  progress  will 
remove  both  of  these. 

The  adoption  of  the  metric  system  does  not  complicate  calcu- 
lations; on  the  contrary  it  simplifies  them  if  one's  judgment  is 
based  on  a  broad  view  and  not  on  special  cases.  In  England  the 
opposition  comes  principally  from  an  opinion  that  the  commerce 
based  on  the  texiles  would  suffer  when  it  changed.  This  is  an 
error.  In  the  first  place,  to  allow  competition  in  the  markets 
nothing  would  prevent  the  competing  nations  from  using  occa- 
sionally the  English  names.  This  is  what  Germany  does.  Be- 
sides, I  will  cite  a  personal  example  to  show  that  this  contention 

is  not  justified.     In  the  shop  of  Messrs.  M we  use  cotton, 

woolen,  worsted  and  linen  yarn,  spun  silk  and  organzine,  which 
are  the  principal  textile  materials  sent  to  us  from  France,  Ger- 
many, England  and  Russia.  About  80  per  cent,  of  this  yarn 
is  numbered  in  accordance  with  the  metric  system.  Only  the 
threads  of  silk  and  the  English  yarns  have  a  numbering  which 
is  distinct,  and  this  would  be  a  reason  for  buying  less  of  them, 
since  these  arbitrary  numberings  disturb  our  calculation. 

Furthermore,  even  if  certain  nations  would  like  to  change 
(which  is  in  no  sense  the  case),  they  would  go  back  by  preference 
to  their  old  system  rather  than  the  English  system,  which  has 
survived  like  the  rest.  As  the  result  of  this,  it  is  difficult  to 
understand  the  obstructive  attitude  of  certain  persons  in  the 
United  States.  It  is  certainly  the  case  that  the  classes  in  France 
which  are  less  instructed  have  not  spontaneously  adopted  tlie 
metric  system.  But  there  are  fewer  reasons  than  there  were 
sixty  years  ago  for  not  adopting  a  system  which  has  been  a])- 
proved  in  the  entire  world,  and  which  is  official  in  a  number  of 
countries. 

All  praise,  then,  to  the  United  States,  which  is  sure  to  show 
itself  a  true  leader  of  progress,  if  they  admit  irrevocably  the 
introduction  of  the  metric  system  for  all  their  calculations.  The 
one  thing  necessary  is  not  to  have  any  longer  two  weights  and 
two  measures.  This  is  the  sole  reason  for  the  chaos  which  is  so 
much  dreaded.  When  they  will  count  their  numbers  of  threads 
by  the  number  of  kilometers  of  thread  in  a  kilogram  (a  measure 
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liaving  tlic  same  root  as  the  nietrcO  :  wlion  tliey  will  count  tlicii* 
silk  no  longer  in  deniers  of  JVfontpellier,  Lyons,  Milan,  or  Turin; 
when  they  will  speak  no  longer  of  silk  as  of  8-10  denier,  but  of 
the  unit  in  its  relation  to  a  thousand,  so  as  to  measure  a  thousand 
times  a  thousand  meters  per  kilogramme,  the  textile  world  will 
have  a  simple,  comprehensible,  fair  and  workable  system. 

It  is  to  be  hoped  that  at  the  Exposition  in  St.  Louis,  there 
should  be  a  congress  held  on  this  subject,  in  order  to  arrive  at 
a  universal  understanding  for  the  general  adoption  of  the  metric 
system,  on  the  one  hand,  and  upon  the  other  of  a  compulsory 
measure  for  the  adoption  of  a  m(;thod  of  numbering  threads 
w^hicli  should  be  the  same  for  all  textile  materials,  the  unit  of 
weight  being  the  kilogram,  and-  the  designation  being  expressed 
by  the  number  of  kilometers  contained  in  the  kilogram  of 
weight. 

Mr.  F.  A.  liaise  (J. — The  following  reply  to  M.  Lamoitier,  like 
that  to  Professor  Crosbv,  has  been  prepared  by  Mr'.  S.  S.  Dale. 

Previous  to  addressing  this  Society,  M.  Lamoitier  in  his  book 
and  in  the  columns  of  V Industrie  Textile,,  Paris,  has  been  a  valu- 
able contributor  to  the  metric  discussion.  In  both  of  these  pub- 
lications he  addressed  his  fello^v- country  men — in  his  book  to 
instruct  them  in  the  technical  processes  and  calculations  of  textile 
manufacturing;  in  his  journal  to  reproach  them  for  their  neglect 
of  the  metric  system  and  to  arouse  French  public  opinion  in 
favor  of  one  more  metric  law\ 

One  was  the  calm,  exact,  carefully  measured  words  of  the 
technical  expert  giving  all  the  known  facts  bearing  on  the  sub- 
ject; the  other  the  impassioned  outburst  of  a  Frenchman  who 
has  seen  his  own  writings  quoted  in  America  to  prove  that  the 
French  textile  manufacturers  themselves  did  not  use  the  metric 
system  in  their  mills.  These,  his  earlier  w^ritmgs,  are  a  conclu- 
sive reply  to  his  latest  statements  to  this  Society.  A  com]mrison 
of  the  two  show^s  how^  difficult  it  is  to  call  for  more  law^  in  France 
to  make  Frenchmen  use  the  metric  sj^stem,  and  at  the  same  time 
urge  Americans  to  ado^jt  the  metric  system  because  Frenchmen 
are  using  it. 

M.  Lamoitier's  first  declaration  is  that  the  metric  system  of 
numbering  displaces  ''  little  by  little  "  the  old  and  arbitrary  cal- 
culations. Even  if  this  w^ere  a  fact,  his  case  depends  u])on  w^hat 
he  means  by  "  little  by  little."     The  difficulty  of  introducing  a 
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new  system  of  weig-lits  Jind  nieiisures  and  displacing  an  old  one 
—  in  other  words,  the  length  of  the  ''  transition  "  period — is  one 
of  the  strongest  objections  to  any  attempt  at  making  a  change. 
The  following  extract  from  the  proceedings  of  the  Paris  Metric 
Yarn  Congress  of  VM)0  shows  how  this  "  little  by  little  "  affected 
the  veteran  M.  de  Paclier,  Av^ho  was  Secretary  of  the  Congress  of 
1873  and  presiding  olficer  of  the  Brussels,  Turin  and  first  Paris 
Congresses,  as  Avell  as  of  the  one  at  which  these  words  were 
spoken  (page  20): 

M.  de  Packer. — The  efforts  of  a  quarter  of  a  century  have  had  such  slight  re- 
sults that  my  feelings  are  in  truth  touched  that  you  should  recall  my  name  after 
so  many  years. 

The  next  statement  is  that  the  metric  system  is  the  one  most 
employed  in  Europe.  This  is  contradicted  by  every  unbiased 
French  and  German  textile  writer  on  the  subject,  by  the  evidence 
of  French  and  German  journals,  by  the  German  Reichstag, 
which  levies  duties  on  yarn  by  the  English  system,  by  Herr 
Muench-Ferber,  quoted  in  Mr.  Halsey's  paper,  and  who  is  a  dele- 
gate to  the  Reichstag  and  a  textile  manufacturer,  and  last,  but 
in  the  present  discussion  by  no  means  least,  by  M.  Lamoitier 
himself. 

The  facts  as  learned  from  the  above  authorities  are  these: 

In  the  linen,  jute  and  flax  industry  the  English  system,  with 
the  exception  of  a  local  and  unimportant  Austrian  standard 
which  is  not  metric,  is  supreme.     I  will  quote  a  few  authorities: 

M.  Lamoitier  in  his  book,  page  63 : 

The  English  system  is  used  for  the  linen,  hemp  and  jute. 

At  the  International  Congress  for  Yarn  ]N"umbering  at  the 
Paris  Exposition  in  1900,  M.  Boucher-Feyerick,  delegate  from 
Belgium  and  a  linen  spinner,  stated  in  the  following  Avords  Avhy 
the  metric  system  had  made  no  progress  in  the  linen  and  allied 
industries  (page  60): 

We  Belgians  export  enormous  quantities  to  England,  Asia  and  Egypt,  and  we 
cannot  adopt  the  metric  system  without  risking  the  loss  of  this  trade.  Our  cus- 
tomers in  the  countries  named  are  familiar  ^ith  the  English  system  of  numbering, 
and  if  we  do  not  give  it  to  them,  our  competitors  will,  and  we  vdW  lose  the  market. 
I  speak  not  alone  for  myself,  but  for  all  Belgian  spinners.     We  cannot  change. 

That  the  English  system  is  the  principal  one  in  use  in  the  cot- 
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ton  industry  is  not  disputed,  altb()u<^'h  tlio  nietricists  try  to  ignore 
the  fact.  The  metric  standard,  1,000  meters  i)er  kilogramme,  is 
used  but  little.  The  French  use  a  system  based  on  the  FriMich 
pound.  In  their  attempts  to  get  other  nations  to  adopt  the 
metric  system  the  metric  theorists  ])romise  that  the  present 
French  cotton  system  will  be  abandoned.  lUit  will  it  ?  Where 
is  the  power  to  compel  sucli  action  on  the  part  of  the  many  indi- 
viduals engaged  in  the  French  cotton  industry? 

In  Kalkniator  fuer  "  Artikel  dor  Textil-Industrie,"  Fritz 
Frowein  says  (page  82): 

Wliilo  tlio  acceptance  of  the  metric  sj'stein  in  yarn  niunbering  is  advocated  in 
some  (juarters  of  the  industry  and  b}'  theorists,  the  author  (Frowein)  does  not  be- 
lieve in  its  practicability.  On  one  hand,  the  cost  of  chan^inji;  machinery,  and  on 
the  other  hand  the  change  of  size  numbers  place  unsurmountable  difliculties  in 
the  way. 

In  tlie  Leij)zi(jer  Monatsehrift fuer  Textil-Industrie  of  October 
31,  1902,  is  an  article  on  waste  and  take-up  in  cotton  Aveaving. 
An  elaborate  table  gives  the  amount  of  waste  and  per  cent,  of 
take-up  with  eacli  size  of  yarn  for  fabrics  of  different  sets  (threads 
per  inch).  The  sizes  of  the  yarn  are  giv^en  in  English  counts;  the 
set  is  given  in  threads  per  Vienna  inch;  the  weight  of  the  waste 
is  given  in  English  pounds.  Such  is  the  condition  that  has 
forced  imperial  Germany  to  levy  duties  on  cotton  yarn  by  the 
hated  English  yard-pound. 

In  the  European  silk  industry,  which  is  centered  in  France, 
tlie  metric  system  has  made  but  little  impression  during  the  100 
years  of  its  existence.  Eefereuce  is  made  to  M.  Lamoitier's 
V Industrie  Textile  article  in  the  October  issue  of  the  Textile 
^Vorld  and  to  the  statements  at  the  Paris  Metric  Congress, 
quoted  in  the  reply  to  Professor  Crosby. 

We  next  come  to  the  woollen  and  Avorsted  industries.  Here 
again,  fortunately,  we  have  evidence  from  Continental  Europe, 
including  that  of  M.  Lamoitier  himself,  to  guide  us: 

^'Traite  de  Tissage,"  by  Paul  Lamoitier  (page  87).  See  Mr. 
Ilalsey's  paper. 

FariB  Metric  Yarn  Congress  of  1900,  page  87: 

M.  de  Cheville. — We  hope  no  new  burdens  will  be  imposed  on  the  industry,  but 
if  we  look  the  facts  in  the  face,  we  will  find  that  notwithstanding  the  decree  of 
1810,  and  in  spite  of  the  serious  efforts  put  forth  by  industrial  societies  of  many 
districts,  we  still  have  the  ancient  units  of  weights  and  measures  and  we  scarcely 
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conii)rch(Mi(l  each  (Ahv.r  when  wo  talk  spinniiif!;  at  Reims,  Rouhaix,  Elhoeuf,  Sedan 
or  \'ieiiiia,  where  the  skeins  still  measure  1 420,  710,  3,000  or  1,500  meters. 

Tlie  next  statement  that  ''  in  a  few  3^ears  there  will  be  no  men- 
tion made  of  the  different  standards  of  Saxony,  Austria,  Prussia, 
Sedan,  Elboeuf,  Eonbaix,  Kehns,  etc.,"  is  merely  a  prophecy  not 
supported  by  the  experience  of  the  past,  and  which  time  alone- 
can  verify  or  disprove.  It  is  in  line  with  the  optimistic  views  of 
the  French  people  regarding  the  metric  system  since  its  foimda- 
tion  110  years  ago,  and  which  are  still  far  from  realization. 

His  statement  that  "the  campaign  in  favor  of  the  universal 
adoption  of  the  metric  system  in  yarn  numbering  only  dates 
from  a  few  years  back  "  shoAVS  how  the  decimal  delusion  blinds 
its  victims  to  the  facts  of  history.  Here  are  a  few  articles  from 
an  imperial  decree  of  Bonaparte  in  1810,  still  in  force  except  for 
cotton : 

Art.  1.  On  and  after  March  1,  1811,  all  proprietors  of  spinning  mills  shall  make 
the  hanks  of  cotton,  linen,  hemp  or  wool,  each  100  meters  long,  so  that  a  skein 
shall  measure  1,000  meters  in  length. 

Art.  2.  These  yarns  shall  be  ticketed  with  the  number  of  such  skeins  in  one 
kilogram. 

Art.  3.  Violations  of  the  foregoing  provisions  shall  be  considered  breaches  of 
the  police  regulations  and  punished  by  a  fine  of  not  less  than  5  nor  more  than  15 
francs  for  the  first  offense ;  the  fine  may  be  increased  for  a  repetition  of  the  offense. 

This  old  statute  proves  that  the  application  of  the  metric  sys- 
tem to  the  textile  industry  has  been  one  of  the  settled  purposes 
of  the  French  government.  A¥hat  is  the  result  ?  M.  Lamoitier 
himself  gave  us  the  answer  inV  Industrie  Textile  for  October  15, 
1902: 

We  (the  French)  are  as  much  in  the  anarchy  of  weights  and  measures  for 
the  textile  industry  as  at  the  time  of  the  Revolution. 

Such  drastic  laws  as  that  above  mentioned  would  not  be  toler- 
ated for  an  instant  in  America.  Just  imagine  the  cry  of  ''Po- 
lice ! ''  on  Leonard  Street,  ]N"ew  York,  because  some  one  had 
found  a  skein  of  cotton  yarn  measuring  840  yards. 

It  is  practically  impossible  to  change  the  ideas  of  textile  manu- 
facturers regarding  yarn  numbers.  The  operatives  and  managers 
become  thoroughly  accustomed  to  the  size  numbers  by  the  old 
system.  These  numbers  become  imbedded  in  every  process  from 
the  first  manipulation  of  the  raw  material  until  the  finished  prod- 
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net  is  ready  for  sale.  Alon^  conies  a  com])iilsory  law  wliicli  says 
tliese  o])er;itives  must  measure  everything  l)y  the  metric  system. 
The  result  is  not  tlie  use  of  the  decimal  system  of  yarn  number- 
riie  old  numbers  are  retained  from  necessity,  but  the 
standards  on  wliich  they  are  based  are,  as  far  us  incommensura])le 
units  allow,  converted  into  metric  ecjuivalents  and  ('X])ressed  in 
mnnbers  Avliich  are  extremely  dithcult  to  handle  in  calculations. 

This  has  been  the  experience  of  Kurope;  it  would  be  the  same 
here.  This  is  what  explains  the  existence  to-day  of  the  28  dif- 
ferent systems  of  yarn  numbering  in  P]urope.  AYe  will  give  a 
few  examples  of  European  yarn  standards  to  illustrate  this 
tendency : 

Austrian  for  flax,  length  280.51  meters,  weight  453.50  grams; 
Austrian  for  cotton,  length  1150.5  meters,  weight  50o  grams; 
^'ethe^lands  for  cotton,  length  708. UOG  meters,  weight  500 
grams;  Alsace  for  worsted,  length  750  meters,  weight  4G7.71 
grams. 

These  expressions  in  metric  units  are  obtained  from  lengths 
expressed  in  old  units,  such  as  the  Vienna  ell,  English  yard,  Ger- 
man pound,  English  pound,  etc.     They  have  been  made  but  par- 

tiallv  metric  by  comimlsorv  laws  which  have  failed  entirely  to 
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make  them  decimal.  The  silk  industry  supplies  a  good  illustra- 
tion. The  old  standard  was  the  denier  and  100  aunes.  The 
introduction  of  the  metric  system  has  changed  4(;>0  aunes  to  470 
meters,  and  made  calculations  much  more  difficult.  That  is  all. 
This  conversion  process  is  one  of  the  many  serious  objections  to 
a  disturbance  of  textile  weights  and  measures.  The  industry  is 
so  complex  and  the  ideas  of  the  em])loyes  as  to  weights  and 
measures  are  so  important  to  success  in  manufacturing,  that  the 
first  introduction  of  metric  units,  slow  and  difficult  as  it  is,  is 
but  the  precursor  of  other  ''  introductions ''  as  slow  and  difficult 
as  the  first. 

This  conyersion  process  has  been  the  rule  in  all  parts  of  Con- 
tinental Europe.  In  the  Xetherlands  an  attempt  has  been  made 
to  retain  the  old  expressions  of  length  and  weight;  the  result  is 
a  straddle  of  both  the  Eno:lish  and  the  metric  systems.  The 
yarn  number  is  there  based  upon  the  number  of  skeins  of  840 
yards  in  500  grams.  Words  fail  in  attempting  to  express  the 
chaos  of  calculations  resulting  from  such  a  combination  of  units 
incommensurable  with  the  meter  and  the  pound.  Such  chaos  is 
the  inevitable  consequence  of  trying  to  inject  a  foreign  system 
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of  weights  and  measures  into  a  country  having  its  own  units 
firmly  esta])lished. 

M.  Lamoiticr's  words,  "  It  is  desirable  that  the  unit  of  weight 
should  be  1,000  grams,"  and  "  If  this  were  done  there  would  be 
only  a  single  unit,"  merely  expresses  the  desire  of  European  tex- 
tile manufacturers  to  esca])e  from  the  dreadful  confusion  in  which 
they  are  now  involved.  They  think  a  way  of  escape  for  them 
lies  in  getting  the  Anglo-Saxon  race  to  involve  itself  in  a  like 
chaos  by  abandoning  its  present  system  for  the  metric,  a  result 
that  the  Europeans  view  with  entire  complacency.  It  may  be 
desirable  for  them,  but  is  it  worth  while  for  us? 

He  expresses  the  desire  that  the  American  engineers  might 
visit  the  cotton  and  woollen  mills  on  the  Continent  and  ask  these 
two  questions: 

Do  you  use  the  metric  system  in  your  calculations  and  in  the 
numbering  of  yarn  ? 

How  do  you  find  it  in  practice  ? 

He  volunteers  what  he  styles  an  answer  to  these  questions, 
which  is,  in  fact,  a  rambling  evasion  of  both  of  them,  an  implied 
confession  that  the  textile  industry  there  does  not  use  the  metric 
system,  a  vague  reference  to  his  having  called  the  metric  mix-up 
absurd  and  the  admission  that  there  are  difficulties,  which  he 
calls  conservatism  and  ignorance,  in  the  way. 

These  two  questions  must  not  be  thus  dodged.  The  first  is 
answered  by  M.  Lamoitier  (October,  1902,  V Industrie  Textile)  : 

After  having  established  the  metric  system,  is  it  not  truly  ridiculous  that  more 
than  110  years  later  we  should  be  still  using  the  English  yard,  the  old  or  French 
pound,  the  denier  of  Montpellier  and  Milan,  the  ancient  aune,  the  many  different 
skeins,  etc.? 

The  second  question  is  also  answered  by  M.  Lamoitier  as  fol- 
lows (same) : 

And  this  is  why  they  are  mocking  us  when  they  say  we  do  not  use  the  metric 
system  for  numbering  yarn  and  for  weaving  calculations.  Nothing  is  more  arbi- 
trary than  to  reckon  the  yarn  b}'  the  thousand  meters  and  the  width  of  the  cloth 
and  the  picks  of  the  filling  by  the  inch.     It  is  nonsense  and  a  derision.  -. 

Both  of  these  extracts  were  written  for  French  and  not  Ameri- 
can consumption. 

His  invitation  to  visit  Europe  and  ask  these  two  questions 
recalls  the  fact  that  one  American  engineer.  Professor  Crosby, 
did  visit  the  Continent  in  the  summer  of  1901;  he  told  the  Com- 


Till-:  .Mi;ri{i("  svsrj:.M.  587 

iiiittcc  on  Coin:i*;'e,  Weif;'lits  and  ^^('asul•es  at  the  licarin^'  on  tlic 
iiiotric  system,  of  what  met  his  gaze  in  a  weave  I'oom  in.  Switzer- 
laml: 

We  art"  already  l)uilcliii.t!;  inaciiiiK^ry  which  excites  the  admiration  of  the  whole 
work!,  ami  are  .shippiiii:;  it  to  the  four  corners  of  the  earth.  During  the  sunuiier 
1  visited  a  lar^e  silk  mill  in  Zurich.  Switzerland.  As  the  superint^^'udent,  who  wa.s 
showing  me  about,  ojx'ned  the  door  into  one  weave  room  where  he  told  me  sonic 
of  their  highest  grade  and  best  goods  were  woven,  he  smik'd  and  called  my  atten- 
tion to  the  looms,  which  I  found  were  made  by  the  Crompton  «fc  Knowles  Com- 
pany, in  AVorccster,  Massachusetts.  It  seemed  like  sending  coals  to  Newcastle. 
They  did  not  put  in  these  looms  as  a  matter  of  sentiment,  but  becau.se  of  their 
usefulness. 


The  fact  that  these  looms  were  built  to  English  measurements 
does  not  interfere  in  the  slightest  degi'ee  with  their  use  in  so- 
called  metric  Europe. 

The  managers  of  the  Zurich  mill  informed  him  of  the  many 
diverse  standards  of  textile  weights  and  measures  in  Europe,  and 
said  they  frequently  declined  orders  that  were  not  expressed  in 
their  own  units  on  account  of  tlie  complications  that  would  be 
caused  in  their  mill.  Here  is  a  Swiss  mill,  equipped  with  Ameri- 
can machinery,  but  with  its  operations  handicapped  by  the  Euro- 
pean chaos  of  weights  and  measures.  Cannot  Americans  heed 
the  warning  or  must  the  same  chaos  be  transferred  to  American 
looms  on  this  side  of  the  Atlantic  ? 

M.  Lamoitier's  next  statement  that  the  adoption  of  the  metric 
system  (which  for  America  means  the  joint  use  of  incommensur- 
able units)  does  not  complicate  calculations,  is  not  only  refuted 
by  his  own  words  already  quoted,  but  is  so  contrary  to  reason  as 
to  need  no  reply. 

He  next  falls  into  a  reverie,  and  dreams  of  a  metric  era  when 
the  rival  nations  of  the  earth  shall  permit  English  weights  and 
measures  to  be  used  occasionaUy ,  in  order  that  England  and 
America  may  sell  their  goods  in  foreign  markets.  He  omits  to 
state  whether  the  English  and  American  flags  are  to  be  permitted 
on  the  high  seas  then,  and  whether  the  Mississippi  River  is  to  be 
the  dividing  line  between  a  German  and  a  French  province. 

^Vhile  doubting  the  value  of  the  prophecy,  we  might  still  ap- 
preciate the  good  faith  of  the  prophet  if  he  had  not  already  placed 
hhnself  on  record  on  this  very  point,  in  VTndudrie  Textile, 
October,  1902: 
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It  is  a  duty  and  would  bo  a  glory  to  our  Government  (France)  to  decree  a  unifi- 
cation ol"  yarn  nuniberinfi^,  th(i  \uiit  of  length  being  the  kilogranini(;ter  (1,000  grams 
and  1,000  meters.)     O!  no  need  of  a  long  statute.     Two  articles : 

Art.  1.  Textile  materials  shall  be  immbered  by  the  number  of  thousand  meters 
in  a  kilogram. 

Art.  2.  All  other  systcMus  of  yarn  numbering  are  forbidden  on  P'rench  territory. 
The  advantages?  It  would  put  a  stop  to  the  chaos  which  the  Americans  ridicule. 
As  for  the  recalcitrants  (English,  Americans  and  others)  a  very  simple  procedure 
will  be  to  oblige  them  in  all  countries  where  the  metric  system  is  legal,  to  mark  their 
3^arns  by  the  metric  system. 

Let  us  say  to  them:  Do  you  want  to  trade  with  us?  Then  confine  yourselves 
to  that  which  is  the  most  simple  and  the  most  practical. 

A  large  saving  in  this  way  will  be  made  in  the  cost  of  collecting  customs  duties 
in  the  metric  countries.  There  is  no  better  way  than  this  to  make  them  repent- 
ant. 

M.  Lamoitier  cites  a  single  mill,  that  of  M.  Michailoff  &  Ills, 
Moscow,  Russia,  of  which  he  himself  is  the  manager,  and  states 
that  80  per  cent,  of  the  yarn  he  buys  abroad  is  numbered  by  the 
metric  system.  This  statement  of  the  case  leaves  much  to  be 
desired.  How  much  yarn  does  he  import  ?  Is  the  yarn  he  calls 
metric  numbered  by  the  real  metric  system  (1,000  meters  per 
kilogramme),  or  by  old  systems  converted  into  metric  equivalents 
which  are  not  decimal  and  which  are  metric  only  in  name  ? 

We  know  that  for  cotton,  silk,  and  linen  yarn  the  metric  sys- 
tem (1,000  meters  per  kilogram)  is  used  in  Europe  practically 
not  at  all.  Under  no  circumstances  could  the  textile  weights 
and  measures  of  Europe  be  fairly  judged  by  the  amount  of  metric 
yarn  imported  into  a  single  Russian  mill,  of  which  so  enthusi- 
astic a  champion  of  the  metric  system  as  M.  Lamoitier  is  the 
manager. 

What,  however,  is  the  practical  result  of  using  the  metric  sys- 
tem in  Russian  mills  ?  Two  hundred  years  ago  Peter  the  Great 
left  his  throne  in  Moscow,  where  M.  Lamoitier  is  now  manufac- 
turing cloth,  to  travel  through  Europe  incog.  He  visited  Hol- 
land and  England,  and.  worked  as  an  ordinary  carpenter  in  the 
shipyards  of  those  two  countries.  Impressed  with  the  superior 
skill  and  system  of  the  English  workmen,  he  took  back  with  him 
to  Russia  four  mast-makers,  four  boat-builders,  two  sail-makers 
and  about  twenty  other  workmen,  to  teach  their  trades  to  his 
peoj^le.  These  humble  workmen,  whose  names  are  now  unknown 
to  fame,  carried  into  the  industrial  system  of  Russia  the  English 
inch.  The  seed  thus  planted,  has  grown  silently  for  two  cen- 
turies, until  to-day  the  ideas  of  Russians  regarding  linear  measure- 
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mentsiire  inseparal)ly  bound  to  that  incli  or  to  units  cojnniensur- 
able  with  it.  The  llussian  duini  and  our  incli  are  the  same;  an 
archill  is  28  inches;  a  sa<^en  is  84  inclies,  or  7  En<^^lish  feet;  a 
verschok  is  1|  inches;  a  verst,  3,500  English  feet. 

Somewhat  more  than  one  hundred  yeiirs  ago,  on  the  eve  of  the 
Kevohition,  the  rulers  of  France  conceived  the  idea  of  establishing 
a  universal  system  of  weights  and  measures  for  the  world.  They 
deemed  it  fitting  that  such  a  system  should  be  based  on  no  other 
dimension  than  that  of  the  world  itself,  the  largest  and  most 
invarial)le  body  that  could  be  reached  by  man.  Scientists  were 
commissioned  to  measure  the  distance  from  the  equator  to  the 
pole.  The  earth  was  searched  for  an  unchangeable  metal  with 
which  to  ])reserve  the  prototype  of  the  universal  system  which 
Avas  to  be  like  no  other  ever  used  bv  man.  The  divisions  of  its 
units  were  to  be  decimal  alone,  and  not  left  to  blind  and  unrea- 
soning chance.  The  glorious  work  was  to  be  a  benefit  to  count- 
less generations  of  men,  and  shed  undying  glory  on  France. 
The  conception  was  grand,  but  in  its  execution  the  rulers  of 
France  came  in  contact  with  nature  itself.  Man  was  not  yet 
wise  enough  to  measure  the  earth.  JS^owhere  could  an  unchange- 
able metal  be  found  to  preserve  the  prototype.  The  ratio  be- 
tween gravity  and  extension  could  not  be  expressed.  Only  one 
of  the  objects  Avas  attained;  the  metric  units  were  incommensur- 
able with  every  other  unit  on  earth.  The  result  was  the  deposit 
in  Paris  of  a  metal  prototype  for  this  system,  no  more  and  no 
less  arbitrary  than  any  other  standard  of  measures  has  ever 
been. 

To-day,  when  metric  yarn  is  brought  into  the  Moscow  mill, 
linear  units  of  the  system  founded  by  French  savants  one  hun- 
dred years  ago  are  placed  side  by  side  with  the  units  carried  to 
Kussia  by  the  humble  English  carpenters  two  centuries  ago. 
M.  Lamoitier  has  just  told  us  of  the  result  of  such  contact,  and 
adds,  V Industrie  Textile,  October  15,  1902 : 

It  is  nonsense  and  a  derision.  Note  also  that  while  I  speak  here  only  of  France 
I  could  say  as  much  of  all  Europe.  For  example,  do  you  know  that  the  Russian 
reckons  the  T\idth  of  his  cloth  in  verschki,  the  picks  by  the  quarter  inch  and  the 
3'arn  by  either  the  French  or  the  English  system?  One  verschok  equals  one-six- 
teenth of  an  archin. 

The  metric  and  the  English  systems  are  incommensurable,  and 
therefore  irreconcilable.      The  English  carpenters  '  brought  to 
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Enssia  by  Peter  the  Great  made  Russian  and  English  linear  units 
the  same,  or  commensurable,  and  thus  without  intending  it,  con- 
tributed hnmensely  to  the  unification  of  the  world's  weiglits  and 
measures. 

Tlie  French,  by  making  their  metric  units  incommensurable 
with  all  others,  Avorked  in  a  distinctly  opposite  direction,  and  re- 
duced greatly,  if  they  did  not  destroy,  the  chances  for  unifying 
international  weights  and  measures. 

Has  M.  Lamoitier  lost  sight  of  the  only  remedy  for  his  trouble, 
the  use  of  the  English  yarn  counts  with  the  English-Russian 
inch  ?  Cannot  our  own  textile  manufacturers  see  in  this  Moscow 
mill  the  chaos  that  the  metric  S3'stem  would  surely  bring  to 
American  mills  ?  Or  must  they  have  their  own  bitter  experi- 
ence ? 

The  statement  that  a  (metric)  nation  wanting  to  change  would 
return  to  its  old  and  not  to  the  English  units  means  nothing. 
From  it  one  would  infer  that  the  Avriter  had  the  idea  a  people 
can  change  its  weights  and  measures  as  easily  as  it  can  change 
its  tariff,  or  even  as  a  man  can  change  his  coat.  He  loses  sight 
of  the  fact  that  weights  and  measures  are  as  firmly  imbedded  in 
the  national  life  as  language  itself. 

It  may  make  it  easier  for  M.  Lamoitier  to  understand  the  obstruc- 
tive attitude  (to  the  metric  system)  of  certain  persons  in  the 
United  States,  if  he  would  think  of  the  probable  attitude  of  Con- 
tinental Europe,  supposing  it  had  as  uniform  a  system  of  weights 
and  measures  as  we  have  here,  while  we  were  involved  in  the 
European  chaos  of  to-day.  It  is  not  very  difficult  to  imagine 
the  contempt  and  ridicule  that  would  be  heaped  upon  us  by  tbe 
French  and  Germans,  if,  under  such  circumstances,  we  should  ask 
them  to  adopt  one  of  our  systems  on  the  sole  ground  that  its 
units  were  divided  by  ten. 

]^ext  comes  the  remarkable  statement  that  ''there  are  fewer 
reasons  than  there  v\^ere  sixty  years  ago  for  not  adopting  a  sys- 
tem that  has  been  approved  in  the  entire  world  and  Avhich  is 
official  in  a  number  of  countries  "  (meaning  the  metric  sj^stem). 
The  increase  during  the  past  sixty  years  of  the  business  trans- 
acted with  English  weights  and  measures  has  multiplied  many 
times  the  difficulties  and  objections  to  upsetting  that  sj^stem. 
M.  Lamoitier  assumes  too  much  when  he  says  the  metric  system 
has  been  approved  in  the  entire  world.  It  may  have  been  made 
official  in  a  number  of  countries,  but  the  stamp  of  officialdom 
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in  many  of   llioso  countries  is   nnu'tically   the  onlv   Iwickinir  it 
possesses. 

The  inetlieacy  of  law  in  chan«^'ing  establislied  usage  in  weights 
and  measures  is  told  by  the  following  extract  from  the  proceed- 
ings of  the  Paris  ^[etric  Yarn  Congress  (page  20): 

M.  Kchrard  Simon. — ^^'o  have  iilso  clocincd  it  oijportiiiio  to  jtsk  for  a  chanpic  in 
accord  with  rcsohitions  of  preceding  congresses,  in  the  law  of  18(j(),  which  niadc^ 
the  number  of  silk  to  indicate  the  weight  in  grams  of  500  meters.  This  legal  sys- 
tem has  remaincnl  a  d(\id  hotter. 

French  metric  legislation  of  the  past  120  j^ears  supplies  strik- 
ing confirmation  of  John  Quincy  Adams'  opinion  expressed  80 
years  ago  that  the  interference  of  law  with  weights  and  measures 
results  only  in  filling  the  statute  book  Avith  ''the  impotence  of 
authority  and  the  uniformity  of  confusion." 

The  worthlessness  of  the  so-called  official  sanction  of  the  metric 
system  as  an  indication  of  its  use,  is  well  illustrated  by  the  case 
of  the  United  States  in  which  the  metric  SN^stem  has  been  made 
permissive  by  law  for  over  thirty-six  years,  and  is,  in  fact,  our 
only  system  of  weights  and  measures  bearing  the  official  stamp. 

The  yarn  congress  which  M.  Lamoitier  asks  for  at  St.  Louis 
would  be  nothing  but  a  farce.  His  idea,  as  shown  by  his  con- 
cluding sentence,  is  to  have  the  decision  of  this  congress  made 
in  favor  of  the  metric  system  in  advance.  The  Exposition  at 
St.  Louis,  commemorating  the  separation  of  Louisiana  from 
France,  would  be  a  strange  place  for  a  cut-and- dried  convention 
to  fasten  the  French  metric  system  on  the  United  States. 

If  we  are  to  have  a  yarn  congress  at  St.  Louis,  let  it  be  one 
representing  every  part  of  the  textile  world,  and  authorized  to 
cast  a  vote  in  proportion  to  the  textile  machinery  throughout 
the  world.  Let  the  delegates  be  pledged  to  vote  according  to 
the  logic  of  the  silk  resolutions  of  the  Paris  Metric  Yarn  Congress 
of  1900,  which  were,  in  effect:  Whereas,  the  people  will  not  use 
the  metric  standards,  therefore,  resolved  that  we  will  adopt  the 
standards  of  the  people  and  call  them  metric. 

That  would  be  a  congress  of  common  sense,  and  its  decision 
would  be  in  favor  of  the  adoption  of  the  English  yard-pound  as 
the  textile  standard  of  the  world. 
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DISCUSSION   PRESENTED   ORALLY. 

Nole. — The  oral  discussion  on  Mr.  ITalsey's  paper  was  opened 
by  Prof.  S.  AV.  Stratton,  of  the  J>ureaii  of  Standards,  Wasliington, 
I).  C,  Avho  was  present  by  invitation  as  a  guest  of  the  Society  and 
by  the  Hon.  J.  II.  Southard,  Chairman  of  the  Oonnnittce  of  the 
House  of  Kepresentatives  on  Weights,  Measures  and  Coinage. 
Professor  Stratton  before  presenting  his  remarks  called  the  atten- 
tion of  the  meeting  to  the  fact  that  it  was  not  an  infrequent  custom 
of  United  States  consuls  to  translate  the  units  of  the  country  in 
which  they  were  at  work,  into  the  English  units  and  that  this 
tendency  was  perhaps  the  occasion  of  the  confusion  referred  to  in 
the  paper  and  certain  letters.  It  was  his  opinion  that  while  it  was 
true  that  the  countries  aA^owedly  using  the  metric  system  have  still 
the  old  units  in  use,  the  extent  of  such  use^  or  rather  the  pre- 
dominance of  these  units,  has  been  over-emphasised.  If  it  be  con- 
ceded that  a  universal  system  is  needed,  the  first  question  is 
whether  the  metric  system  is  the  one  or  our  own  present  system  the 
one.  In  his  opinion  the  expense  and  inconvenience  incident  to 
introduction  are  of  secondary  importance,  while  the  need  of  a 
universal  system  is  a  primary  importance.  While  there  may  be 
a  difference  of  opinion  as  to  the  best  standard,  there  should  be  no 
difference  of  opinion  as  to  the  advantage  of  working  toward  the 
universal  standard.  In  his  opinion  the  proposed  law  had  been 
greatly  misunderstood.  It  proposes  to  make  the  metric  system 
obligatory  in  its  own  work,  but  at  first  to  go  no  further  than  this. 
Professor  Stratton's  paper  was  as  follows : 

Prof.  8.  ^y.  Stratton. — An  experience  in  the  use  of  the  metric 
system  of  weights  and  measures,  covering  a  period  of  twenty  years, 
in  which  it  has  been  used  side  by  side  with  the  English  system  in 
scientific  work,  in  engineering,  and  in  the  workshop,  has  led  me  to 
believe  that  it  is  in  every  way  superior  to  that  in  common  use. 
During  this  experience  a  student  has  not  been  met  who  did  not 
go  right  to  work  in  the  metric  system  without  scarcely  giving  it 
a  thought.  A  mechanic  has  not  been  found  who  did  not  readily 
grasp  the  system  and  prefer  it  in  a  short  time.  When  viewed 
from  a  general  standpoint  the  advantages  to  be  gained  by  a 
system  of  weights  and  measures,  having  the  same  base  as  our 
monetary  and  numerical  systems,  so  far  outweigh  all  of  the  ad- 
vantages of  a  system  capable  of  continuous  binomial  subdivision 
that  the  latter  is  hardly  to  be  thought  of.     This  is  show^n  by  the 
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tciulciicv  ill  all  l)rnn('li(»s  of  iiKiniirMclurlnii'  to  docimalizo  r)iir  own 
svst(Mii,  rather  lliaii  adhere  to  the  coiiiiikhi  fractions.  Halves, 
(piarters  and  (>ven  eights  may  he  eonvenient  t<>  nse  in  (M-dimii-v 
affairs  and  mental  eah-nlations,  Iml  when  carried  fai'lher  than 
this  the  system  at  (tnce  becomes  nnmanaiicabh'.  A  decimal  svsteni 
does  not  necessarily  excdnth'  halves,  (jnarters  and  even  eighths, 
in  the  system  of  hMiutli  now  in  common  nse  the  first  snhdivision  is 
3,  the  next  12,  then  a  binomial  snhdivision  is  followed  as  far  as 
tl4ths;  this  is  foUowed  by  a  su(hhMi  jnmj)  to  thousandths,  ^'et  we 
ai'e  lolil  that  this  I'csnlt  has  l)eeji  I'eacdied  after  forty  years  of 
experience  and  must  remain  untouched.  C)ne  has  but  to  read  the 
history  of  standards  of  length  to  find  that  they  have  been  any- 
thing but  stable.  C'hanges  have  been  constantly  made.  They  have 
always  met  with  resistance,  and  justly  so,  otherwise  they  would  be 
]>remature  and  much  needless  confusion  would  result. 

'Jdiese  chani>es  have  alwavs  been  made  with  two  thiuo-s  in  view, 
viz. :  the  production  of  better  material  standards  and  uniformity. 
The  history  of  the  efforts  to  bring  about  uniformity  in  the  stand- 
ards of  Germany,  France,  England  and  even  the  United  States, 
when  these  countries  had  reached  the  state  when  it  was  no  longer 
l)ossible  for  them  to  maintain  separate  standards  in  the  different 
sections  of  the  same  country,  is  exceedingly  interesting  reading. 
Yet  these  changes  were  made,  and  each  of  these  countries  may  be 
said  to  enjoy  a  fairly  uniform  system  at  the  present  time.  The 
neoessitv  of  uniformitv  in  each  case  was  tindoubtedlv  brouc:ht 
about  by  better  transportation  and  communication,  and  the  exten- 
sion of  trade  throughout  the  countries.  In  each  of  these  countries 
instances  may  be  found  where  the  old  units  remain  in  nse,  because 
trade  or  other  conditions  did  not  demand  a  clianoe.  Then  aaain, 
trade  with  other  countries  has  sometimes  introduced  traces  of  a 
different  system  of  weights  and  measures.  However,  the  general 
condition  of  the  weights  and  measures  in  any  of  the  countries  men- 
tioned should  not  be  inferred  from  a  few^  isolated  cases.  There 
are  still  traces  of  the  English  system  of  money  in  this  country, 
but  who  would  use  that  as  an  illustration,  that  the  introduction 
of  the  decimal  system  of  currency  had  not  been  successful  in  this 
country?  A  personal  inspection  of  the  weights  and  measures  of 
Germany  and  France  during  three  visits  to  those  countries,  which 
involved  contact  with  the  public,  manufacturing,  and  the  Govern- 
ment Bureaus  of  weights  and  measures,  has  convinced  me  that 
the  adoption  of  the  metric  system  in  those  countries  has  been 
38 
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ciiiinoiitly  satisfactory,  notwithstanding  the  exceptions  that  have 
hccii  (quoted. 

A  few  days  ago  a  mechanic,  who  is  perhaps  40  years  of  age, 
Avlio  learned  his  trade  in  (Germany,  and  wdio  has  worked  in  some  of 
tlie  leading  shops  of  that  conntrv,  was  asked  as  to  the  nse  of  the 
"  incli,"  (Mtlier  German  or  English,  in  Germany.  His  astonish- 
ment could  not  have  been  greater  had  he  been  asked  as  to  the  use 
of  the  ''  cnbit  "  in  Germany.  If  this  country  should  adopt  the 
metric  system  there  would  no  doubt  be  found  traces  of  the  old 
system  for  fifty  years,  and  perhaps  a  hundred  years,  to  come.  The 
countries  of  the  world  are  closer  commercially  than  were  the 
separate  parts  of  each,  when  uniformity  was  established  in  regard 
to  their  weights  and  measures.  We  must  sooner  or  later  come  to 
a  universal  standard.  The  same  forces  which  have  brought  about 
changes  in  the  past  will  bring  about  changes  in  the  future.  It  is 
simply  a  question  of  the  survival  of  the  fittest.  The  two  systems 
exist  side  by  side  in  all  parts  of  the  civilized  world.  One  or  the 
other  must  in  time  give  way.  It  would  be  more  difficult  to-day, 
either  in  Great  Britain  or  the  United  States,  to  suppress  the  use  of 
the  metric  system  than  that  in  comnion  use.  Its  growth  and 
popularity  can  only  be  explained  by  its  merits. 

The  scientific  world  long  ago  settled  the  question  of  a  universal 
system  of  weights  and  measures.     Scientific  men  may  occasionally 
use  the  inch.     However,  it  may  be  said  in  a  general  way,  that  the       j 
scientific  W'Orld  enjoys  a  universal  system  of  weights  and  measures,       j 
and  any  one  who  has  come  in  contact  with  this  world  fully  ap-       > 
predates  what  this  means.     The  advantages  which  have  made  the 
metric  system  universal  in  all  scientific  work  are  equally  important 
in  commerce,  in  manufacturing,  and  in  the  affairs  of  every-day  life. 
The  application  of  scientific  work  to  engineering,  manufacturing, 
and  commerce,  are  so  frequent  that  it  is  not  economical  to  main-       i 
tain  two  sets  of  standards  as  exist  to-day. 

It  is  especially  gratifying  to  note  that  there  is  a  rapidly  growing 
sentiment  in  favor  of  the  adoption  of  the  metric  system  on  the  I 
part  of  manufacturers  and  business  men  of  the  country.  The  very 
spirit  of  progress  which  has  made  our  manufacturers  leaders  of 
the  world  will  not  allow  them  to  forego  the  advantages  of  an  im- 
provement, because  that  improvement  is  difficult  to  make. 

The  importance  of  fundamental  standards  in  the  manufacture 
of  machinery  is  certainly  well  understood  by  anyone  who  has 
given  the  slighest  attention  to  such  matters;  and  while  I  believe 
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iliat  the  standards  of  tlio  niotric  system  aro  far  snporior  in  overy 
rosjiect  to  those  now  in  nso,  1  ivi)eat  the  statement,  that  any  change 
in  the  staiuhirds  nsod  by  mannfactnrers  of  nnichinerv  shonhl  be 
hronirht  abont  by  their  own  action.  The  liistnrv  of  technical 
standards  does  not  iniHcate  that  they  have  been  bnm^ht  abont 
by  legislation.  Why  shonhl  they  l>e  in  the  fntnre  ?  This  may 
seem  "  fnnny  "  to  the  antlior  of  the  paper  under  discussion,  but 
it  is  nevertheless  a  fact.  The  Government  has  never  enacted  laws 
in  reference  to  standards,  except  in  connection  with  its  own  work; 
and  if  the  Government  sees  fit  to  use  the  metric  system  of  weights 
and  measures  in  some  or  all  of  the  branches  of  its  work,  it  has  a 
perfect  right  to  do  so.  This  would  involve  its  use  only  in  such  work 
as  originates  in  the  departments.  If  at  a  later  date  the  metric 
system  is  made  the  sole  legal  standard,  it  can  mean  no  more  than 
that  all  business  of  the  departments  with  the  public  must  be  caiTied 
on  in  the  metric  system;  but  who  for  a  moment  would  suppose, 
even  in  this  case,  that  if  the  Government  sliould  buy  a  machine 
tool  the  parts  of  that  machine  would  necessarily  have  to  be  con- 
structed in  the  metric  system  ?  If  the  metric  system  becomes  the 
system  in  common  use  in  this  country  it  will  be  through  laws 
enacted  on  the  part  of  the  different  States,  and  the  States  have  not 
fixed  standards,  except  for  commerce  and  trade.  A  great  deal  of 
concern  has  been  shown  as  to  the  situation  which  would  result  in 
case  the  bill  now  pending  before  Cngress  becomes  a  law.  I  can- 
not conceive  any  other  condition  than  that  stated  above. 

In  the  paper  under  discussion  reference  has  been  made  to  cer- 
tain statements  made  before  the  Committee  on  Coinage,  Weights 
and  Measures,  of  the  House  of  Representatives.  The  foundation 
for  the  statement  that  the  Carnegie  Company  were  about  to  issue 
a  hand-book  in  the  metric  system  was  that  a  gentleman,  in  whom 
I  have  the  utmost  confidence,  stated  that  he  had  seen  such  a  book 
and  was  told  that  it  was  to  be  reissued.  Upon  further  inquiry  I 
find  that  this  book  was  in  the  form  of  a  Spanish  catalogue,  and  that 
a  reissue  was  not  made  on  account  of  the  plates  being  destroyed  by 
fire.  I  have  myself  recently  seen  a  copy  of  this  catalogue,  and 
talked  with  the  gentleman  who  prepared  it.  Its  material  is  taken 
bodily  from  the  hand-book — dimensions  and  properties  of  materials 
being  in  the  metric  system.  It  was  not  intended  that  this  state- 
ment should  convey  the  idea  that  steel  was  being  rolled  to  metric 
dimensions,  but  that  the  present  forms  could  be  used  in  structural 
work  with  metric  dimensions.     An  examination  of  these  forms 
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Avill  show  that  the  diiriensions  are  carried  out  to  the  thousandths 
of  an  incli.  Hh^  same  diinensioiis  ex})ressed' in  centimetres  and 
linndredths  of  a  centimetre  would  be  sufficiently  accurate,  and 
Avould  be  little  more  difficult  to  handle  than  the  dimensions  now 
used  in  such  material. 

Hie  origin  of  the  statement  that  the  ]^ational  Tube  Works  had 
one  of  its  largest  mills  fitted  up  for  turning  out  work  in  the  metric 
system  was  as  follows  : 

In  fitting  up  the  machine  and  instrument  shop  of  the  National 
Bureau  of  Standards  it  was  desired  to  use  the  metric  system. 
Several  letters  were  addressed  to  the  manufacturers  of  small  tools 
and  supplies  as  to  what  small  tools  and  supplies  could  be  secured 
according  to  metric  measurements.  As  a  residt  of  this  investi- 
gation it  was  found  that  all  of  the  small  tools,  including  drills, 
taps,  dies,  reamers,  arbors,  etc.,  needed,  could  be  secured  in  the 
metric  system,  and  the  shop  has  been  fitted  out  accordingly. 

From  a  letter  received  from  the  First  Vice-President  of  the 
^N'ational  Tube  Works,  and  dated  Pittsburg,  March  11,  1902,  I 
quote  the  following  paragraph : 

One  of  our  largest  mills,  that  located  at  McKeesport,  Pa.,  is  equipped  to 
make  material  for  export,  and  for  this  trade  we  are  obliged  to  use  the  metric  S3's- 
tem,  so  that  we  should  probably  be  in  a  position  to  furnish  anything  in  the  way 
of  tubular  goods  that  may  be  required  by  your  department  made  according  to 
the  metric  system  of  weights  and  measures.  Your  impression  that  we  manufact- 
ure other  tubing  than  gas,  steam  and  water  pipe,  is  correct — we  manufacture 
probably  everything  that  is  turned  out  in  the  way  of  tubular  goods. 

Here  a^ain  the  statement  was  made  to  show  that  material  of 
construction  could  be  obtained  in  metric  dimensions — a  very  essen- 
tial matter  if  the  Government  is  to  introduce  the  metric  system. 
It  is  not  unlikely  that  in  the  product  of  materials  to  metric  di- 
mensions many  manufacturers  measure  the  dimensions  in  thou- 
sandths of  an  inch,  but  what  does  this  matter  so  long  as  the  re- 
quired dimensions  are  produced  with  a  sufficient  degree  of 
accuracy  ? 

It  is  not  at  all  improbable  that  manufacturers  vdW  some  day 
decide  to  adq:)t  standard  wire  and  sheet-metal  gauges.  When  this 
is  done  it  is  hoped  they  will  be  in  the  International  Metric  System. 
No  one  appreciates  more  than  I  the  energy,  ability  and  progres- 
siveness  which  has  brought  the  American  manufacturers  to  excel 
the  world  in  many  of  our  products ;  especially  is  this  true  in  the 
manufacture  of  machinery. 


Tin:  MiiTinc  systkm.  597 

llioso  Avlio  were  fortunate  to  visit  tlic  exhihitioii  of  macliinery 
at  Diisseldorf  this  last  sninnier  must  have  l)een  impressed  with  the 
fact  that  if  we  are  t<»  retain  tliis  sni)i'('nia('y  it  will  he  hy  ]>roi!;ress, 
and  not  hv  sayinii',  "  Let  the  world  come  t<»  n^."  (Icrniany  has 
hcen  (h'j)en(h'nt  upon  ns  verv  larg(dy  for  nia(diinerv  in  the  ])ast. 
She  is  endeavorini;'  to  get  aloni»'  Avithoiit  us  just  as  soon  as  possible. 
The  use  of  Anieriean  maehinerv  in  (Jennany  has  nndouhtodly 
hrouiiht  about  to  a  eertain  extent  the  use  of  onr  system  of  serew 
threads,  but  it  cannot  be  said  to  be  the  system  in  common  use,  and 
its  use  is  on  the  decline  rather  than  on  the  increase. 

The  Advance  Sheets  on  Consnlar  IJeports  for  November  2-1:, 
is  taken  n])  entircdy  by  a  rei)ort  by  the  Hon.  Frank  A.  Mason, 
Consul-General  at  lierlin.  lie  enumerates  articles  for  which  there 
is  a  demand  in  Germany,  and  in  which  a  more  or  less  prosperous 
ex]>ort  trade  has  been  developed  by  exporters  in  the  United  States, 
who  take  the  trouble  to  secure  good  connections  and  proceed  by 
l^roper  methods.  In  the  item  concerning  machine  tools  and  ma- 
chinery is  found  the  following  statement : 

It  is  well  known  that  Germany  is  now  passing  through  a  period  of  industrial 
depression,  and  has  to  a  great  extent  restricted  the  erection  of  new  manufactur- 
ing establishments  which,  during  the  period  from  1898  to  1900,  made  such  large 
demands  on  the  purveyors  of  American  machiner}'  and  tools.  It  is  also  true  that 
those  imported  lathes,  planers,  milling  and  other  machines,  have  been  used  to 
reproduce  themsehes  and  to  make  many  kinds  of  machinery  and  tools  so  excel- 
lent in  quality  and  cheap  in  cost  that  Germany  has  become  a  self-supporting  ex- 
porter of  many  such  appliances  which  were  formerly  imported  from  the  I'nited 
States.  Rut  while  all  this  is  true,  there  is  still  a  demand  in  this  country  for  many 
special  forms  of  machinery  and  other  manufactures  of  iron,  which  is  onl}^  apparent 
to  those  directly  concerned  in  that  class  of  trade. 

Toward  the  end  of  the  Keport  the  following  paragraph  is  found : 

It  need  hardly  be  repeated  that  in  all  the  foregoing,  whetlier  relating  to  dried 
fi.sh,  fire  extinguishers,  goose  fat,  or  machinery,  the  point  should  always  be  kept 
in  mind  to  make  ever3'thing  as  plain  and  easy  as  possible  for  the  buyer.  Ameri- 
cans seem  generally  unable  to  realize  that  a  nation  which  aspires  to  do  a  large 
export  trade  must,  as  a  rule,  deliver  its  goods  in  the  country  where  they  are  to 
be  sold  and  consumed.  Xot  only  this,  but  the}*  must  be  offered  in  language, 
weights,  measures,  and  values  which  the  merchants  and  purchasing  people  of  the 
country  can  understand.  The  theory  that  catalogues  and  price  lists  in  American 
weights,  measurements,  currency  and  terms  of  payments  will  draw  orders,  pro- 
vided the  claim  of  superior  quality  is  made  strong  enough,  has  been  fatall}-  ex- 
ploded by  experience. 

I  do  not  quote  this  as  evidence  that  it  is  absolutely  necessary 
to  change  the  dimensions  of  machines  shipped  to  Germany,  but 
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to  show  tliat  tliero  is  a  need  for  tlie  adoption  of  the  metric  system 
if  Ave  are  to  develop  commerce  with  foreign  countries.  It  would 
naturally  be  supposed  that  a  German  manufacturer  would  give 
the  ])roference  to  a  machine  huilt  in  the  system  of  units  with  which 
he  is  familiar,  all  other  things  being  equal. 

The  question  is  also  asked :  "  Why  should  we  go  to  France  or . 
(xermany  for  our  weights  and  measures ?''  The  reply  is: 
^^  Because  they  have  something  that  is  worth  going  for.  We 
should  not  hesitate  to  accept  that  which  the  leading  thinkers  of 
the  day  have  pronounced  good,  merely  because  it  is  French  or 
German. 

Reference  has  been  made  to  the  report  of  John  Quincy  Adams 
upon  the  metric  system.  Mr.  Adams  evidently  intended  to  pre- 
sent both  sides  of  the  question — both  the  advantages  and  the  dis- 
advantages— as  he  saw  them.  In  fact,  in  summing  up  the  con- 
clusions of  his  report  we  find  the  following  statement: 

In  freely  avowing  the  hope  that  the  exalted  purpose  first  conceived  in  France 
may  be  improved,  perfected,  and  ultimately  adopted  by  the  United  States  and 
by  all  other  nations,  equal  freedom  has  been  indulged  in  pointing  out  the  errors 
and  imperfections  of  that  S3'Stem,  which  have  attended  its  origin,  progress  and 
present  condition. 

And  the  report  is  concluded  with  the  following  statement : 

France  first  surveyed  the  subject  of  weights  and  measures  in  all  its  extent  and 
all  its  compass.  France  first  beheld  it  as  involving  the  interests,  the  comforts 
and  the  morals,  of  all  nations  and  of  all  after  ages.  In  forming  her  S3^stem,  she 
acted  as  the  representative  of  the  whole  human  race,  present  and  to  come.  She 
has  established  it  by  law  within  her  ovm  territories;  and  she  has  offered  it  as  a 
benefaction  to  the  acceptance  of  all  other  nations.  That  it  is  worthy  of  their 
acceptance  is  believed  to  be  beyond  a  question. 

The  report  of  Mr.  Adams,  while  unfavorable  to  the  adoption  of 
the  metric  svstem  at  that  time,  certainlv  cannot  be  classed  as 
unfavorable  to  its  ultimate  adoption.  Especially  is  this  true  since 
time  has  shown  that  many  of  his  objections  were  without  founda- 
tion. The  system  has  stood  the  test  of  time.  Its  use  has  gradually 
extended  throughout  the  world,  and  it  is  the  only  system  which 
may  claim  any  pretence  whatever  of  being  a  universal  system. 

Reference  has  also  been  made  to  the  report  of  Professor  Davies 
in  the  following  statement: 

The  reports  of  John  Quincy  Adams  and  of  Professor  DaAdes  represent  the  con- 
clusions of  the  only  American  investigations  of  this  subject  worthy  of  the  name 
which  have  ever  been  made. 
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It  is  siiii'o:ostO(l  tliat  Professor  Davics'  ro])ort  ho  road  in  oonnoc- 
tioH  with  Trosidont  Barnard's  adch'oss  on  th(^  "  Motric  Systoin  of 
Weights  and  ^loasuros,"  doliverod  before  the  convocation  of  the 
Tnivorsity  of  the  State  of  Xew  York,  at  Albany,  An^ust  1,  1S71. 
Sonu»  of  the  argnnionts  in  tlio  ]ni])or  ninhM*  discnssiitn  aro  similar 
to  those  contained  in  Professor  Davies'  rejmrt.  President  Bar- 
nard's address  was  intended  as  a  reply  to  this  report,  and  answers 
many  of  tlie  objections  raised. 

Mr.  F.  4.  Ilahcy. — In  reply  to  Professor  Stratton,  I  wonld  like 
to  observe,  first  of  all  the  reader  will  be  impressed  by  the  manner 
in  which  ^Ir.  Stratton  fails  to  make  any  specific  reply  to  my  facts 
or  dednctions.  lie  is  the  prime  mover  of  the  present  pro-metric 
movement.  We  have  a  rii^'ht  to  ex])ect  from  him,  of  all  men,  a 
definite  statement  of  the  advantages  which  are  to  compensate  for 
the  cost  of  the  adoption  of  the  system ;  but  he  deals  in  nothing 
but  generalities.  When  the  leader  of  the  metric  advocates  thus 
practically  ignores  my  oft-repeated  question.  What  is  it  all  for? 
the  unbiased  reader  can  only  conclude  that  he  fails  to  accept  my 
challenge  and  names  the  advantages  because  he  cannot  name 
them. 

The  preference  of  Mr.  Stratton  and  his  friends  for  the  metric 
system  sheds  no  light  upon  the  only  question  at  issue :  Are  the 
advantages  of  the  system  sufficient  to  justify  a  century  of  con- 
fusion and  the  sacrifice  of  all  mechanical  standards  ? 

The  favorite  statement  of  the  metric  advocates,  that  there  is 
nothing  to  prevent  the  dividing  of  metric  units  by  successive  halv- 
ings is  disingenuous.  The  advantages  claimed  for  the  system  are 
based  on  the  decimal  division  of  its  units.  To  divide  its  units 
by  successive  halvings  is  to  surrender  everything  characteristic  of 
it  except  the  interrelation  of  the  units,  which  is  of  such  slight 
importance  in  the  practical  affairs  of  life  as  not  to  be  worth  con- 
sidering. 

I  do  not  think  that  the  extent  to  which  I  have  shown  old  units 
to  be  still  in  use  in  metric  countries  can  be  adequately  described 
by  Mr.  Stratton's  word  "trace."  Who  except. a  metric  advocate 
could  compare  my  exhibit  of  facts  with  the  "  traces  of  the  Eng- 
lish system  of  money  in  this  country  ?  "  What  is  the  testimony 
of  one  German  mechanic^  of  whose  trade  we  are  not  told,  and 
who,  for  all  we  know,  may  have  been  a  scientific  instrument  maker, 
worth  against  the  mass  of  testimony  I  have  presented  ?  Mr.  Strat- 
ton needs  heavier  ammunition  than  this. 
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"  The  scientific  world  long  ago  settled  the  question  " — for  itself. 
The  attempt  of  the  scientific  and  political  worlds  to  foist  this  thing 
upon  the  industrial  woidd  is  one  of  the  monumental  pieces  of  as- 
surance of  the  past  century.  In  this  connection  it  may  be  advisable 
to  state  the  difference  between  scientific  and  industrial  measure- 
ments. Tlie  scientific  use  of  measurements  consists  of  the  measure- 
ment of  existing  things.  The  industrial  use  of  measurements  con- 
sists in  the  making  of  things  to  a  required  size.  In  the  scientific 
use  of  measurements  a  standard  size  is  exactly  the  thing  we  do 
not  ex])ect  to  find.  In  the  industrial  use  of  measurements  we  use 
standard  sizes  habitually,  and  have  certain  standards  which  we 
wish  to  preserve,  but  this  we  cannot  do  if  we  change  our  system  of 
measurements.  A  scientific  unit  of  measurement  may  hence  be 
changed  with  comparative  ease ;  an  industrial  unit  with  great  diffi- 
culty. Add  to  this  the  enormously  greater  relative  and  actual  use 
of  computation  in  scientific  as  compared  with  industrial  work,  and 
we  have  a  complete  explanation  of  the  different  attitudes  of  scienti- 
fic men  and  manufacturers  on  this  subject. 

The  fact  that  the  Government  does  not  establish  standards  has 
no  application.  The  point  is  that  in  this  bill  the  Government  is 
doing  all  in  its  poAver  to  destroy  existing  standards. 

There  is  no  question  regarding  the  right  of  the  Government  to 
adopt  the  system — the  question  relates  to  the  Avisdom  of  that  act. 
The  bill  Avould  "  inA^'oh^e  its  use  only  in  such  AA^ork  as  originates  in 
the  departments.''  In  other  Avords  its  purpose  is  to  bring  about 
a  Government  metric  system  and  a  common  English  system.  It 
Avill  further  introduce  an  abrupt  break  in  the  equipment  of  the 
army  and  naA^,  A\diile  the  product  of  the  navy  yards  Avill  be  in 
one  system  and  their  equipment  in  another — and  this  is  to  be  done 
in  the  name  of  uniformity. 

So  have  I  seen  the  Spanish  catalogue  of  the  Carnegie  Steel 
Company,  and  there  is  no  excuse  for  any  one's  confounding  it  Avith 
that  company's  English  hand-book. 

Commercial  men  have  little  knoAvledge  of  AA^hat  is  meant  by  the 
"  adoption  of  the  metric  system."  The  National  Tube  Works  re- 
ceives orders  expressed  in  metric  units.  These  are  filled  as  Mr. 
Patterson  has  said  in  paragraph  4,  Avith  goods  made  to  the  nearest 
equiA^alent  English  dimension.  The  orders  are  filled,  and  the  first 
vice-president  obviously  supf)oses  that  to  mean  that  the  tubes  are 
made  to  metric  dimensions.  Of  course,  the  letter  of  Mr.  Patter- 
son, in  paragraph  4,  is  authoritative  as  is  this  statement  in  a  more 
recent  letter: 
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"This  company  is  not  in  faxor  of  any  niovcintnt   looking  toward  a  radical 
change  in  the  standard  of  measurements." 

"  The  use  of  Anioricaii  inncliiiici'v  in  Goniiany  lias  iin«l<)nl)todly 
Itrouiiht  about  to  a  certain  extent  the  use  of  our  system  nf  screw 
threads,  but  it  cannot  be  said  t<»  l»e  the  system  in  comn»on  use." 
Screw  tlireads  based  on  the  incli  (true  or  modified  Whitworth 
standard)  are  in  ]U'actically  universal  use  in  (lermany,  in(dudinc^ 
the  shi]>s  of  the  German  navy.  This  is  known  to  everybody  who 
knows  any  thins:  about  Gennan  nuichine-shop  practice. 

I  can  see  nothing  jiertinent  to  the  discussion  in  Consul-General 
^Mason's  report,  except  that  goods  ^^  must  be  offered  in  laniruage, 
weights,  measures  and  values,  which  the  purchasers  of  the  country 
can  understand/'  which  I  have  discussed  in  paragraph  80.  The 
opening  sentence  of  the  paragraph  following  the  extract  from 
Consul-General  Mason  may  be  stated  more  briefly,  thus  :  ''  it  is  not 
necessary  to  use  the  system,  but  we  ought- to  adopt  it '' — the  mean- 
ing of  which  is  too  profound  for  me. 

"  It  is  the  only  system  which  nuiy  claim  any  pretense  wdiatever 
of  being  a  imiversal  system."  The  amount  of  manufacturing  and 
of  international  commerce  done  in  the  metric  system  is  small  com- 
pared with  that  done  in  the  English  system. 

Mr.  Stratton  has  quoted  some  of  the  passages  from  John  Quincy 
Adams,  to  which  I  refer  in  paragraph  7,  as  seemingly  inconsistent 
with  the  report  as  a  whole.  These  passages  should  be  interpreted  in 
the  light  of  those  given  in  paragraph  6.  ^'  As  this  system  is  yet  new, 
imjierfect  and  susceptible  of  great  improvement.''  ''  It  is  believed 
that  the  French  system  has  not  attained  that  perfection."  Fol- 
lowing are  additional  extracts  of  the  same  import  from  page  215. 
''  But  that  system  is  not  yet  complete.  It  is  susceptible  of  many 
modilications  and  improvements;"  also,  "Time  and  experience 
have  already  dictated  many  improvements  in  its  mechanism,  and 
others  may  and  undoubtedly  will  be  found  necessary  for  it  here- 
after." 

There  can  be  no  doubt  that  the  few  general  expressions  of  ap- 
proval refer  to  the  system  as  thus  improved,  one  of  the  improve- 
ments which  Mr.  Adams  expected  being  the  relaxation  of  what  he 
calls,  "  this  decimal  despotism."  Xote  that  even  the  quotation  of- 
fered by  Mr.  Stratton  speaks  of  the  system  as  "  improved  "  and 
'"  perfected,"  before  its  adoption  by  the  United  States.  "'  Time  has 
shown  that  many  of  his  objections  w^ere  without  foundation." 
AVhv  does  not  Mr.  Stratton  name  them^     He  cannot.     Time  has 
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only  strengthenod  Mr.  Adams'  objections  and  added  another 
greater  tlian  all — the  anchoring  of  existing  units  in  manufactur- 
ing industry. 

Will  the  reader  please  recall  that  Mr.  Stratton  is  the  leader  of 
the  present  metric  movement,  and  will  he  then  please  read  again 
his  discussion  with  a  view  of  finding  a  statement  of  the  advantages 
which  are  to  recompense  us  for  the  confusion  and  sacrifice  due  to 
the  destruction  of  all  mechanical  standards;  or  for  any  proof  that 
such  standards  will  not  be  destroyed  ?  AVill  he  search  for  anything 
except  glittering  generalities  and  general  assertions  and  denials 
that  mean  nothing  ?    What  is  it  all  for  ? 

The  Chair  then  called  upon  Hon.  J.  H.  Southard,  who  spoke  as 
follows : 

Hon  J.  II.  Southard. — I  came  here  not  expecting  to  say  a  word ; 
I  came  to  listen  and,  if  possible,  to  learn.  I  see  that  a  conspiracy 
has  been  formed  against  me,  and  this  is  the  result  of  it.  I  think, 
though,  you  will  have  to  suffer  with  me.  At  the  outset,  I  wish  to 
say  that  I  disclaim  any  special  knowledge  of  this  subject,  I  am 
neither  a  mechanic  nor  a  mechanical  engineer.  I  have  heard  a 
great  deal  of  the  metric  system.  I  know  a  good  deal  of  what  other 
people  say  and  have  said  about  it.  I  have  heard  a  good  many 
things  about  it,  and,  so  far  as  I  have  been  able,  with  my  limited 
knowledge  of  mechanics  and  matters  in  general,  I  have  tried  to  find 
out  whether  these  things  are  true  or  otherwise.  A  good  many 
people  take  a  very  narrow  view  of  this  subject.  One  man  said 
he  didn't  want  it.  I  said  why?  He  said  because  it  is  French. 
I  have  always  taken  the  position  that  it  doesn't  make  any  difference 
whether  it  is  French  or  something  else,  so  long  as  it  is  good.  It 
put  me  in  mind  of  the  story  of  the  old  lady  who  prayed  for  bread. 
She  was  a  very  devout  woman,  and  her  custom  of  daily  prayer 
was  this :  she  would  regularly  kneel  by  her  broad  fireside  and  pray 
for  that  which  she  most  needed — and  that  was  bread.  One  of  her 
neighbors,  knowing  this,  climbed  to  the  top  of  the  house,  and  during 
'  the  old  lady's  prayer  dropped  a  large  loaf  of  bread  down  the 
chimney,  Avhere,  to  her  amazement  it  bounded  out  on  the  hearth. 
Then  she  began  very  fervently  to  thank  God  for  so  quickly  answer- 
ing her  prayer;  and  while  she  was  doing  this,  the  neighbor 
clambered  down  from  the  house-top,  entered  the  room  and  said, 
''  Don't  thank  God  for  that  bread;  I  brought  it  myself."  She 
replied,  ^'  The  devil  may  have  brought  it,  but  God  sent  it  just  the 
same/'  and  went  on  praying,     ^ow,  if  it  is  good,  whether  it  is 
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Frcncli,  (»r  Eiiiilisli,  or  Cu'riiian,  or  Spanish,  wc;  want  it.  Tlui 
(li'sirablo  tliiiiii:  i^  Ji  universal  system  of  w('i<»;lits  and  nioasures.  I 
liMvc  never  yet  fonnd  a  nnni  who  has  not  professed  to  believe  that 
it'  we  conhl  have  a  uniform  system  of  wei^lits  and  measures 
throni>hout  the  worhl  it  would  be  a  consummation  most  devoutly 
(o  be  wished.  'Vhv  (piestions  are:  "  What  should  that  system  be? 
How  shall  we  ^et  it  ^  "  1  have  been  a  member  of  the  Committee 
on  Coinage,  Wei<»,hts  and  Measures,  of  the  House  of  Kepresenta- 
tives  for  about  eight  years,  and  during  that  time  we  have  had 
several  hearings  on  this  question.  We  have  invited  before  us 
from  time  to  time  men  who  are  sui)i)osed  to  have  had  the  greatest 
experience  possible  in  both  systems  of  Aveights  and  measures, 
men  who  had  been  abroad,  men  who  have  had  not  only  practical 
experience  but  wide  opportunity  for  observation.  We  held  an 
investigation,  what  w^e  call  hearings,  during  the  last  session  of 
Congress.  I  will  tell  you  what  w^e  did.  W^e  knew  that  scientific 
men  are  practically  a  unit  in  favor  of  the  metric  system.  We  knew 
that  men  engaged  in  educational  pursuits  all  over  the  country 
are  for  it  almost  to  a  man.  We  said  it  is  of  no  use  to  call  in  those 
people ;  ^ve  know  what  their  sentiments  are  now.  We  said  let  us 
direct  our  inquiries  to  the  quarters  from  which  w^e  may  expect 
some  opposition.  We  determined  upon  that  course.  We  knew 
that  there  w^as  some  opposition  among  the  members  of  this  So- 
ciety. We  knew  that  among  the  mechanical  engineers,  among  the 
machinists,  there  w^ere  some  who  oppose  the  adoption  of  the  metric 
system.  Wherever  w^e  knew^  of  a  man  whose  opinion  we  thought 
would  be  valuable  and  knew  that  he  was  against  the  metric  system, 
he  received  an  invitation  to  appear  before  our  Committee.  In 
other  cases  w^e  requested  firms  and  corporations  to  send  representa- 
tive men  before  the  Committee.  Mr.  Bond  is  here;  we  knew  he 
was  somew'hat  opposed  to  the  adoption  of  the  metric  system,  and 
we  sent  him  an  invitation.  I  think  we  sent  one  to  Mr.  Coleman 
Sellers;  I  know^  we  sent  him  an  invitation_,  and  we  knew  that  he 
was  not  in  favor  of  its  adoption.  W^e  sent  an  invitation  to  the 
Brown  &  Sharpe  Company,  and  to  other  tool-making  concerns ;  to 
the  Xational  Bridge  Company ;  to  the  Baldwin  Locomotive  Works, 
and  to  the  great  iron  and  steel  and  electrical  manufacturing  com- 
panies of  the  country.  We  sent  invitations  to  merchants  and 
manufacturers,  a  great  many  of  them.  We  thought  that  any  exist- 
ing opposition  to  the  adoption  of  the  metric  system  w^ould  develop 
from  these  sources. 
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'NoWj  the  result  of  all  this  is  tlic  painj)lilet  of  testimony  that  I 
have  liere.  This  does  not  contain  all  that  was  said  or  done  before 
th(^  Connnittee.  A  great  deal  ha])])('ned  after  this  went  to  press, 
but  it  does  contain  the  testimony  of  quite  a  large  number  of  those 
wlio  a])])eared  before  the  Committee.  The  result  was  the  same 
as  at  tlie  previous  hearings — the  testimony  was  overwhelmingly, 
in  favor  of  the  bill  that  we  were  considering.  That  does  not  mean 
the  adoption  of  tlie  metric  system  generally  throughout  the  coun- 
try. It  means,  if  the  bill  passes,  the  adoption  of  the  metric  system; 
that  is,  the  use  of  metric  Aveights  and  measures,  by  the  depart- 
ments of  our  general  Government.  It  does  not  mean  anything 
in  a  compulsory  way.  There  is  not  a  word  in  this  bill  looking  to 
compulsion.  Compulsion  was  not  thought  of  in  connection  with 
the  matter.  You  know,  theatrical  people  have  a  way  of  testing 
plays  before  they  put  them  .permanently  before  the  public;  that  is, 
they  get  ready  to  produce  a  play,  and  then  they  designate  some 
toAvn  where  they  will  go  and  give  the  first  performance  of  it.  They 
call  that  trying  it  on  the  dog.  They  want  to  see  what  effect  it  is 
going  to  have.  Well  now,  this  is  a  proposition  to  try  this  matter 
on  the  dog — to  try  it  on  the  Government  first.  If  the  Government 
cannot  stand  it,  then  we  have  no  right  to  ask  the  people  to  stand 
it.  There  is  nothing  in  the  provisions  of  this  bill  which  mil  in 
any  way  interfere  with  your  business.  I  have  got  a  copy  of  the  bill 
here,  and  with  your  permission  I  am  going  to  read  it.  It  is  very 
short.    I  will  omit  the  heading  and  formal  parts : 

That  on  and  after  the  first  day  of  January,  1904,  all  the  Departments  of 
the  Government  of  the  United  States,  in  the  transaction  of  all  business  requir- 
ing the  use  of  weights  and  measures,  excepting  in  completing  the  survey  of 
public  lands,  shall  employ  and  use  only  the  weights  and  measures  of  the  metric 
system  ;  and  on  and  after  the  first  day  of  January,  1907,  the  weights  and 
measures  of  the  metric  system  shall  be  the  legal  w^eights  and  measures  of  the 
United  States. 

•JSTow,  what  is  there  in  this  bill  which  looks  towards  compelling 
any  one  to  do  anything  except  in  the  departments  of  the  Govern- 
ment ?  We  take  it  for  granted  that  if  we  pass  a  measure  of  this 
kind  it  Avill  be  enforced  in  the  Departments  of  the  general  Govern- 
ment by  executive  order.  This  bill  has  been  submitted  to  the 
Attorney-General  of  the  United  States,  and  he  agrees  with  us  in 
saying  that  there  is  nothing  of  a  compulsory  nature  in  the  bill 
except  as  stated.  The  latter  part  of  the  bill  might  indeed  be  elimi- 
nated as  surj^lusage,  if  thought  wise  or  necessary.    You  might  say 
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tliat  tlic  (Icruinn  Ijiiiiiiuiiic*  slionld  Ix'  ilic  Iciinl  Inii^iuip'  after  a 
certain  date.  This  would  not  compel  anv  one  to  use  tlie  (icrnian 
laiiiiuati'e.  It  wonld  not  preNcnt  tlie  n^^o  of  the  Kn<j^lisli  lan,i'ua^(\ 
^'ou  will  say,  tlien,  what  is  the  nsc  of  the  hill  '.  What  is  the  i»ni-- 
])oso  of  it  ^  I  will  t(dl  you.  It  is  to  sini])lifv  and  hi-inu'  ahout  uni- 
formity in  weights  and  measures  in  the  de])artments  of  the  general 
(lovornment  in  this  country,  and  their  use  in  tlie  dci)artm(*nts  will 
do  much  to  familiarize  the  ])eo])le  with  the  metric  measures.  Some 
of  the  bureaus  now  use  exclusivcdy  the  metric  system.  'J'liey  deal 
in  metric  units  entirely.  The  testimony  of  the  Surgeon-Cleneral 
of  the  I'nited  States,  Surgeon-General  Sternberg,  is  contained  in 
this  |)anii)lilet  that  I  have  here,  lie  issued  an  order  that  after 
three  or  six  months — I  have  forgotten  the  length  of  time — every- 
thing in  his  department  requiring  weights  and  measures  should 
be  in  the  metric  system.  Xow,  he  tells  us  here  that  he  never  had 
a  particle  of  trouble  with  the  system  after  the  date  first  set  for 
its  use. 

The  argument  of  the  gentlemen  avIio  presented  the  paper  here 
to-day  reminded  me  very  forcibly  of  a  great  many  of  the  arguments 
that  we  have  heard  in  favor  of  the  adoption  of  the  system.  lie 
says  that  the  weights  and  measures  in  use  in  the  textile  industry 
are  in  almost  ho])eless  confusion.  We  have  no  doubt  about  the  con- 
fusion which  exists  in  the  textile  industry.  Is  that  any  reason  why 
we  should  say  Ave  cannot  remedy  the  situation  ?  I  think  not.  The 
worse  the  situation,  the  louder  the  call  for  a  remedy.  I  had  a  con- 
versation with  a  gentleman  here  to-day  who  said  that  if  this  bill 
should  become  a  law  it  would  cost  him  $100,000.  I  ask  you 
why  I  Tell  me  why  ?  Comparatively  few  of  our  manufacturers 
manufacture  for  the  Government.  Why  should  it  cost  anybody 
who  does  manufacture  for  the  Government  any  considerable 
sum  ?  Suj^pose  a  manufacturer  has  made  a  machine  for  the 
Government,  and  suppose  the  Government  should  leave  an  order 
with  him  to  duplicate  sucli  machine,  couldn't  he  duplicate  it  with- 
out any  expense  over  and  above  that  involved  in  the  building  of 
the  first  machine  ?  Why  not  ?  And  if  necessary,  he  could  furnish 
that  machine  to  the  Government  in  metric  measurements.  It 
would  require  a  little  computation.  But  wherein  comes  the  ex- 
pense ?  There  is  nothing  about  it  which  interferes  with  your  busi- 
ness, I  say,  or  with  mine,  in  any  degree  whatever.  It  simply  re- 
quires the  Departments  of  the  Government,  in  the  transaction  of 
their  business,  to  use  the  weights  and  measures  of  the  metric 
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system.     If  it  0})crates  well  there  it  will  popularize  the  metric 
system  in  this  country. 

Now,  as  has  Ixhmi  stated,  we  have  these  two  great  systems  of 
weights  and  measures  iu  use  side  by  side.  The  metric  system  is 
only  a  little  over  100  years  old.  During-  that  time  it  has  encircled 
the  globe.  More  people  use  the  metric  system  than  use  the  English 
system  to-day.  We  have  two  great  English-speaking  countries — 
great  in  a  commercial  and  manufacturing  sense,  great  in  popula- 
tion— both  using  the  English  system.  What  is  the  English  system  ? 
It  has  its  bushels,  its  barrels,  its  pints,  its  pounds,  its  long  tons, 
short  tons,  gross  tons,  its  many  ratios,  its  numerous  units  having  the 
same  name  but  differing  materially  in  value  each  from  the  others. 
Is  it  possible  that  the  world  is  coming  to  a  system  of  that  kind  ?  I 
have  never  yet  found  a  man  who  would  say  that  he  believed  that 
what  we  cajl  the  English  system  of  weights  and  measures  can  ever 
become  universal.  Yes,  I  heard  one  say  so  here  to-day,  but  he 
is  the  only  one.  You  will  find  the  testimony  of  many  people  re- 
corded in  this  pamphlet  who  have  said  that  they  believe  the  metric 
system  is  destined  to  become  universal.  It  is  said  that  two-thirds 
of  the  people  of  the  world  to-day  use  the  decimal  system.  Only 
a  few  years  ago  a  special  committee  of  seventeen  was  appointed 
by  the  English  Parliament  to  investigate  the  subject,  and  that 
committee,  by  a  vote  of  sixteen  to  one,  reported  in  favor  of  the 
compulsory  adoption  of  the  metric  system  in  Great  Britain.  I  have 
in  my  possession  a  letter  from  the  Secretary  of  the  Decimal  Asso- 
ciation of  Great  Britian,  containing  the  names  of  nearly  a  majority 
of  Parliament,  all  of  whom  have  expressed  in  writing  their  willing- 
ness to  vote  to  make  the  system  compulsory.  Last  summer  at  a 
meeting  of  the  Colonial  Premiers  of  Great  Britain  a  resolution  was 
sustained  unanimously  advocating  the  compulsory  adoption  of  the 
metric  system.  Their  foreign  representatives  have  spoken  in  its 
favor.  The  tendency  of  the  world  is  in  one  direction.  Nobody 
has  ever  heard  of  a  country  which  has  adopted  the  metric  system, 
and  is  using  it,  that  has  ever  said  anything  about  going  back  to  the 
old  system.  Doubtless  in  the  textile  industry  in  France,  Germany,  ) 
and  elsewhere,  and  perhaps  in  other  industries,  weights  and  meas- 
ures are  in  a  state  of  confusion ;  but  I  am  satisfied  of  this,  that  we 
use  the  metric  system  very  much  more  largely  than  the  countries 
mentioned  use  any  other  system  than  the  metric  system.  So  far 
as  I  have  any  knowledge  the  tendency  is  all  toward  the  metric 
system.    The  adoption  of  the  metric  system  has  been  recommended 
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1)V  \\\v  (loj'nirtnHMitnl  officers  of  our  ( Jovcrniiiciit.  Tin*  last  four 
of  live  sccriMarios  of  tlio  trcasurv,  after  caicful  iiiv('stii!:ation, 
have  reeoniUHMuled  tlie  adoption  of  the  metric weii^lits  and  measures 
as  our  standards.  Tliis  legislation  which  is  now  pnjjmsed  is  in  line 
with  what  we  helie\'e  to  be  j)uhlic  o])inioii.  We  may  he  wrong 
about  it.  We  ha\'e  no  feelini>'  on  this  subject  one  way  or  the  otiier. 
We  have  no  reason  for  viewiny'  it  otherwise  than  cabiily  an<l 
])atriotically. 

Our  proposition  is  to  let  the  Ciovernment  try  it.  Wo  may  learn 
then  wliether  or  not  it  is  a  good  thing.  If  it  is  a  good  thing,  we 
all  want  it.  AVe  know  how  close  to  the  body  ]X)litic  you  gentlemen 
are.  We  know  how  important  a  part  you  })lay  in  the  commercial 
aifairs  of  this  country.  We  know  how  closely  you  are  associated 
with  industrial  progress  and  all  that.  Yet  we  know  you  are  not  the 
whole  thing.  There  are  others.  [Laughter  and  applause.]  You 
are  good  people,  and  we  like  you,  but  we  shall  not  get  "  mad  "  if 
you  don't  think  just  exactly  as  we  do. 

I  believe  that  the  metric  system  is  coming  just  as  surely  as  the 
tides  are  going  to  continue  to  rise  and  fall.  The  tendency  is  all  in 
that  direction.  I  cannot  see  it  in  any  other  way.  Xow,  the  question 
is,  if  we  are  going  to  have  it  ought  we  not  help  it  along  a  little? 
If  we  are  going  to  have  it  at  all,  the  sooner  we  get  it,  the  better. 
Xow,  why  can't  we  try  the  experiment  on  the  dog  ?  It  is  not  going 
to  affect  you  at  all;  it  is  not  going  to  aifect  your  institution,  Brother 
Christie.    In  my  judgment,  it  is  not  going  to  cost  you  a  dollar. 

Mr.  Christie. — I  think  so,  too. 

Mr.  Southard. — And  so  do  the  majority  of  the  people,  after  they 
study  this  bill  and  the  probable  effects  of  it.  When  I  commenced 
talking,  I  thought  about  the  only  word  I  cared  to  say  was  this : 
don't  do  a  rash  thing.  Don't  jump  on  a  thing  simply  because 
you  don't  like  it,  because  some  other  people  may  like  it,  and  it  is 
not  going  to  affect  you.  A  good  many  peo]^le  would  like  to  see 
this  experiment  tried.  A  good  manv  people — and  good  people, 
too, — believe  just  as  I  do,  because  they  have  made  me  believe 
as  I  believe.  I  am  a  somewhat  recent  convert  myself.  They 
believe  that  the  metric  system  is  coming;  that  it  is  here,  and  here  to 
stay. 

Xow  I  am  going  to  read  you  a  few  lines  from  the  hearings 
just  referred  to  and  from  the  testimony  of  W^m.  Whitman,  ex- 
President  of  the  Xational  W^ool  Growers  Association.  During 
his  remarks  before  the  Committee  he  read  from  an  address  of 
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Benjamin  Aptliorp  (lonld,  delivered  before  the  Commercial  Club, 
of  Boston,  in  1888,  as  follows: 

"  In  ih(»  y<^'ir  1850  was  publisbod  a  roiTiarka))lo  and  iisoful  hook  by  Mr.  John  H. 
Al(>xan(lcr,  of  liaUiinoro,  entitled  'A  T'niversal  Dictionary  of  Weights  and  Meas- 
un^s/  and  giving  the  values  of  standard  weights  and  measures  reduced  to  those 
of  the  United  States.  It  contains  5,227  weights  and  measures,  with  their  equiva- 
lents. Leaving  aside  all  which  an;  professedly  distinct  units,  I  had  the  curiosity 
to  count  the  number  of  different  kinds  of  pounds,  feet,  inches,  pints,  etc.  Taking, 
for  example,  the  various  sorts  of  inches,  and  using  not  only  the  English  word 
"  inch,"  but  the  corresponding  words  in  other  languages,  pouce,  Zoll,  etc.,  I  found 
60.  For  foot,  Fuss,  pied,  etc.,  there  are  135.  There  are  53  different  distances 
called  miles,  and  29  sorts  of  pints,  while  for  pound,  Pfund,  livre,  etc.,  there  are  no 
less  than  235! 

"  The  utter  confusion  created  by  this  uncertainty  need  not  be  described.  Prob- 
ably most  of  3'ou,  gentlemen,  may  have  had  some  experience  of  it,  although  the 
introduction  of  the  metric  system  throughout  the  European  continent  has  already 
brought  relief.  But,  until  the  recent  unifications  of  Italy,  of  Germany,  and  of  the 
Austrian  Empire,  almost  every  petty  state  had  its  o\mi  measures,  and  these  were 
changed  by  law  from  time  to  time.  Even  now,  those  of  us  who  wish  to  know  the 
value  of  various  units  in  England  find  plenty  of  trouble.  If  we  are  told  that 
something  weighs  so  many  stone,  or  measures  so  many  quarters,  it  requires  a  con- 
siderable amount  of  knowledge  or  experience  to  obtain  the  corresponding  idea. 

"The  weight  of  a  human  being  is  generally  given  in  stones  of  14  povmds  each; 
but  for  glass  a  stone  is  5  pounds,  for  meat  it  is  8  pounds.  In  Scotland  it  varies,  in 
different  places,  from  17  to  22,  etc.  Then,  as  to  the  sort  of  pounds,  we  must  ask 
■whether  they  are  Troy  pounds,  and,  if  so,  whether  Scotch  or  English,  or  tron,  or 
the  now  customary  avoirdupois  pounds.  A  "quarter"  may  be  the  imperial 
quarter  of  about  Si  bushels  or  the  Winchester  quarter  of  just  8  bushels;  yet, 
when  we  come  to  bushels,  there  are  some  40  different  sorts — according  as  we  may 
be  measuring  apples,  or  barley,  or  beans,  or  bran,  or  coal,  or  corn,  or  salt,  etc." 

[Row,  is  it  at  all  probable  that  the  world  is  going  to  take  np 
and  make  universal  such  a  system  as  that  ?  So  far  as  I  know  there 
is  scarcely  anybody  who  entertains  any  such  notion.  We  must 
get  something  a  little  more  definite,  something  a  little  less  confus- 
ing. The  metre  is  the  same  the  world  round.  So  is  the  liter  and 
so  is  the  gram.  That  is  one  great  advantage  that  the  metric  system 
has  over  ours.  (Its  decimal  character  throughout,  and  the  simple 
relation  between  the  units  making  it  possible  to  derive  all  others 
from  the  unit  of  length,  its  elasticity,  the  ease  with  which  it  is 
learned  and  remembered  are'  others.)  It  is  in  perfect  accord  with 
our  system  of  notation,  thus  adding  to  the  accuracy  and  facility 
with  which  computations  may  be  made.  That  which  chiefly  com- 
mends it  to  us  at  this  time,  however,  is  the  fact  that  it  will 
become  in  time  the  universal  system 


i 


tiil:  mktkic  svstkai.  (;u1) 

1  wniil  to  sny  to  yon  tlint  there  is  notliinii'  in  this  hill  to  ^ot  ex- 
oiteil  ;ih(»nl.  1  \\(»nl(I  like  to  h:i\'e  s(tin<'h(>(l\'  tell  iin'  how  it  ciin 
ntTeet  nny  one  ot"  yon  injnriitnsly  ^  ^'on  conhl  fnrni>li  the  same 
machine  to  the  (Io\-ernment  tliat  yon  have;  beoii  1'nrni>hin<:^,  in  tho 
sanu'  way;  you  conhl  ex])ress  its  measurements  in  the  terms  of  the 
metric  system,  if  the  (lovernmont  recjuired  it.  V<»n  can  do  that 
with  a  resolution  or  without  a  resolution. 

1  think  that  the  purport  of  this  hill  has  been  misapprehended 
entirely.  I  would  be  very  j^lad  now  to  answer  any  ((uestion  that 
any  of  you  gentlemen  would  like  to  ask  me,  if  I  can,  but  I  think 
1  have  taken  u])  more  time  than  I  should. 

A  Member. — 1  would  like  to  ask  Mr.  Southard  a  question.  Mr. 
Southard,  you  stated  that  this  bill  does  not  contem])late  any  com- 
pulsion at  all.  You  also  stated  that  it  was  contem])lated,  nieta- 
])horically  speaking,  to  try  this  legislation  upon  the  dog — meaning 
thereby  the  general  Government — first.  You  have  further  made 
the  statement  that  certain  departments  of  this  Government  have 
already  adopted  the  metric  system.  Xow^,  sir,  I  would  like  to  ask 
whether  if  certain  departments  of  the  Government  have  been  able 
to  make  the  adoption  of  the  metric  system  compulsory,  the  pro- 
posed bill  would  not  make  it  compulsory  upon  everybody  else  ? 
Furthermore,  are  you  not  making  it  compulsory  upon  the  depart- 
ments of  the  Government  who  have  not  elected  to  use  the  metric 
system?  Are  you  not  practically,  therefore,  bringing  about  coni- 
indsion  when  vou  sav  that  von  w^ant  the  Government  to  trv  it 
first,  because  you  added,  that  if  the  Government  found  it  a  good 
thing,  it  would  be  a  good  thing  for  all  ? 

Mr.  Southard. — I  admit  that  so  far  as  the  departments  of  the 
Government  are  concerned  it  will  be  compulsory. 

A  Member. — Then  if  those  departments  have  elected  to  use  the 
metric  system,  when  you  have  passed  this  bill  and  it  becomes  a 
law,  you  will  be  making  it  compulsory  upon  all  the  departments 
of  the  Government  to  use  it  ? 

Mr.  Southard. — Yes. 

A  Member. — So  your  argument  is  not  in  line  with  the  real  aims 
of  the  bill,  because  wdien  I  read  this  bill  I  find  that  it  is  compulsory. 
It  means  that  we  must  go  to  the  metric  system  throughout  after 
a  certain  date.  How"  do  you  explain  your  argument  to  us  that  this 
is  a  very  innocent  proposition;  that  there  is  no  compulsion  intended, 
when  you  make  the  further  statement  that  certain  departments 
of  the  Government — mentioning  the  Surgeon-General — have 
39 
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■under  the  present  law  been  able  to  make  the  adoption  of  the  metric 
standards  in  their  de])artments  compulsory?  Why  do  you  ask  for 
this  h^o'islation  if  you  do  not  iwvd  it? 

]\fr.  Bouthard. — We  have  said  that  the  ])urpose  of  this  bill  is  to 
secure  uniformity  in  Government  transactions,  and  for  the  further 
puri)ose  of  having,  as  far  as  possible,  some  kind  of  a  trial  of  the 
merits  of  the  metric  system,  without  seriously  involving  the  public 
at  large. 

A  Member. — Then  all  those  departments  of  the  Government 
will  have  to  try  it  ? 

Mr.  Southard. — For  one  bureau  to  use  it  and  another  bureau 
not  to  use  it,  would  not  do.  For  instance,  for  the  Internal  Revenue 
Bureau  to  use  it  and  the  Customs  Bureau  not  to  use  it^  would 
result  in  greater  confusion  than  we  now  have.  A  representative 
from  the  Customs  Department  when  he  appeared  before  the  Com- 
mittee the  other  day,  said,  that  the  use  of  the  metric  standards 
would  involve  much  extra  work  and  confusion.  Now,  he  would  not 
have  made  that  statement  if  he  had  given  the  subject  a  little  more 
reflection.  He  said  our  laws  all  levy  customs  duties  upon  the 
pound,  the  gallon,  the  yard,  etc.,  using  terms  of  the  English  system. 
How,  therefore,  are  we  going  to  determine  Avhat  these  customs 
duties  are  without  much  extra  work  and  indefinite  results  if  we  are 
obliged  to  use  metric  Aveights  and  measures.  Well  now.  Congress 
has  already  established  a  table  of  legal  equivalents.  Professor 
Stratton,  Director  of  the  Bureau  of  Standards,  came  to  the  rescue. 
He  said,  ^^  in  measuring  your  whiskey,  for  instance,  you  have  two 
or  three  kinds  of  barrels.  You  take  the  depth  and  length,  and 
you  determine  how  much  bulge  there  is  in  the  barrel;  you  make 
your  allowance  for  wantage,  and  you  attempt  to  measure  only 
to  the  tenth  of  a  gallon."  I^ow,  he  said,  '^  I  will  make  you  a  gauge 
by  which  you  can  measure  the  capacity  of  that  barrel  in  litres,  just 
as  easily  as  you  do  now  in  gallons,  and  I  will  convert  every  table  in 
your  department  in  three-quarters  of  an  hour  by  the  watch  so  you 
can  make  your  determinations  in  the  event  of  the  passage  of  this 
bill  just  as  readily  as  you  are  now  doing."  Of  course,  I  am  not 
saying  that  in  certain  cases  there  would  not  be  a  little  confusion 
at  first,  and  inconvenience,  but  I  say  it  is  not  impracticable  in  any 
sense.  It  would  not  be  the  thing  to  have  one  bureau  using  the 
metric  system  and  another  bureau  using  the  English  system.  We 
ought  to  have  uniformity  in  weights  and  measures  in  the  trans- 
actions of  the  business  of  the  Government,  and  it  is  to  bring  about 
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siK'li  unir«)riiiily  and  to  Ijuiiiliari/A'  llic  jx'oplc  with  tin-  advaiiliii^cfl 
of  the  system  that  wo  seek  to  liavc  Congress  ])ass  this  measure. 

2[r.  Sujyplee. — I  sliouhl  like  to  ask  the  Con^^ressmaii  why  the 
work  of  the  surveying*  of  })iil)lic  hinds  is  expressly  omitted  fioin 
this  bill? 

Mr.  Southard. — Of  course,  I  did  not  ])ersonally  draw  this  bill. 
r>ut  I  will  say  that  the  Government  survey  is  a  great  woi'k;  it 
has  (wtended  over  a  period  of  a  great  many  years — of  more  than 
one  hundred  years — and  it  is  uniform  u])  to  date  in  the  one  sys- 
tem. It  was  thought  best  for  that  reason  to  complete  it  in  that 
system.  In  fact,  it  is  nearly  completed  now.  If  any  change  is 
to  be  made  let  it  be  made  at  the  proper  time  afterw^ard. 

J/r.  S((j)j}Iee. — This  bill  corresponds  very  closely,  then,  to  the 
practice  in  our  machine  shops. 

2lr.Kent. — If  the  object  of  this  bill  is  not  compulsory,  why 
have  in  the  bill  the  clause  that  it  shall  be  the  legal  standard  of 
the  United  States  after  1007  ?  You  will  force  us  to  use  an  illegal 
standard  if  you  insist  on  the  bill  passing  as  it  is. 

Mr.  Southard. — I  have  already  stated  that  that  Avas  made  a 
part  of  the  bill  by  the  person  who  introduced  it.  I  don't  think 
it  adds  anything  to  the  bill.  AYe  have  the  opinion  of  Attorney- 
General  Knox  that  there  is  nothing  in  this  bill  of  a  compulsory 
character  except  as  to  the  departments  of  the  Government. 

2Lr.  Kent. — Then  wiiy  not  take  that  phrase  out  of  the  bill? 

J//'.  Southard. — It  is  possible  that  the  gentleman  w^ho  intro- 
duced the  bill  thought  it  might  have  some  effect.  I  do  not  su})- 
pose  there  would  be  any  real  objection  to  eliminating  those 
words.  It  certainly  can  have  no  effect  so  far  as  compelling  any- 
body is  concerned,  and  it  is  a  self-evident  proposition  to  me,  that 
without  some  kind  of  a  penalty  for  a  violation  of  its  provisions 
it  could  not  be  deemed  com])ulsory. 

Mr.  Kent.- — I  think  you  will  remove  a  great  deal  of  the  oppo- 
sition that  exists  to  this  bill  if  you  will  take  out  that  clause. 

Mr.  Southard. — So  far  as  I  am  concerned  I  think  it  is  of  no 
importance. 

Mr.  Dodge. — I  understand  that  if  this  bill  is  passed  all  the 
departments  of  the  Government  must  of  necessity  adopt  the 
metric  system  ? 

Mr.  Southard. — Yes. 

Mr.  Dodge. — If  the  bill  is  not  passed  General  Sternberg,  then, 
could  go  back  to  the  old  system  any  time  ? 


r)12  THE   METRIC    SYSTEM. 


Jt 


Mr.  Southard. — lie  could.  f 

Mr.  Dodge. — So  that  that  is  the  object  of  the  bill — to  make 
it  compulsory  ? 

Mr.  Southard. — So  far  as  the  departments  of  the  Govern- 
ment are  concerned,  yes. 

Mr.  Dodge. — It  is  to  make  it  compulsory  on  the  departments, 
of  the  Government,  and  not  leave  it  open  for  them  to  use  either 
system  at  their  discretion  ? 

3fr.  Southard. — As  I  said  before,  it  will  bring  about  uniform- 
ity in  weights  and  measures  in  the  departments  of  the  Govern- 
ment. Of  course  General  Sternberg  could  now  go  back  to  the 
old  practice  if  he  pleased;  but  this  has  been  the  practice  of  his 
department  for  some  years ;  1  believe  ever  since  he  became  Sur- 
geon-General. 

Mr.  Dodge. — The  bill  is  very  short;  but  the  explanation  of  its 
harmlessness  is  longer  than  the  bill. 

Mr.  Southard. — That  may  be. 

Mr.  Dodge. — And  it  seems  to  me  that  if  there  is  no  compul- 
sion in  the  statement,  ^'  The  legal  standard  of  the  United  States," 
that  words  could  be  used  in  the  bill  to  make  that  phrase  abso- 
lutely clear  without  having  to  get  an  explanation  or  even  an 
opinion  from  the  Attorney-General  to  that  effect. 

Mr.  Southard. — I  suppose  there  will  be  nothing  more  gener- 
ally accepted  than  this,  that  the  re-enactment  of  a  law  would  not 
affect  the  law.  The  weights  and  measures  of  the  metric  system 
are  now  '^  the  legal  weights  and  measures  of  the  United  States," 
in  a  sense.  In  my  judgment  it  is  harmless.  The  Attorney- 
General  has  decided,  without  any  reservation  whatever,  that 
there  is  nothing  in  it  of  a  compulsory  character. 

A  Memher. — But  he  is  only  temporary  authority  on  that. 
Other  Attorney- Generals  may  think  differently. 

Mr.  Halsexj. — You  tell  us,  Mr.  Southard,  that  this  is  intended 
for  the  regulation  of  the  business  of  the  departments  of  the  Gov- 
ernment ? 

Mr.  Southard.  — Yes . 

Mr.  Halsey. — Does  that  mean  the  internal  business  of  the  de- 
partments, or  all  transactions,  including  those  with  parties  out- 
side the  Government  service  ? 

Mr.  Southard. — It  means  that  in  all  transactions  of  the  Gov- 
ernment requiring  the  use  of  weights  and  measures  the  metric 
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Mr.  Ifdisvi/. — But  thoiv  ;uv  in  all  li'jinsact ions  two  parties.  Jl" 
the  (lopartnients  arc  rocjuircd  to  use  tlie  metric  systcnn,  how  is 
it  other  tiian  conipulsoi'v  on  the  other  ])artv  to  a  transaction 
with  the  Government? 

Mr.  SoiithariL — It  nii<,dit  be,  as  I  said  at  the  l)e<rinning',  that 
a  department  officer  wouhl  ])resent  his  specifications  for  a  ma- 
chine, for  instance,  in  metric  terms  so  fjir  as  weiglits  and  meas- 
ures are  concerned,  and  the  builder  of  the  machine  would  be 
r(M|uired  to  accej)t  them  and  work  to  them. 

J//'.  Sffj)plee. — Is  he  not  required  to  do  so  by  tlie  terms  of  this 
very  bill  ? 

M?\  Sout/uwd. — Yes,  but  supposing  you  have  made  a  machine 
for  the  Government,  and  the  Government  wants  another  ma- 
chine like  it,  are  you  going  to  refuse  to  build  that  machine 
because  its  dimensions  are  stated  in  metric  units.  AVould  you 
refuse  to  build  cnif/  machine  because  its  dimensions  were  so  stated. 

J//'.  liaise y. — Why,  sir,  do  you  call  that  the  adoption  of  the 
metric  system  ? 

Mr.  Southa7'd. — So  far  as  this  bill  is  concerned,  yes. 
the  dimensions  of  which  are  expressed  in  metric  units,  it  does 
not  seem  to  me  that  it  would  be  a  verv  difficult  thino:  to  ":et  it 
made.  The  impression  seems  to  have  gained  ground  that  the 
moment  the  Government  shall  require  a  machine,  or  any  other 
product,  to  be  built  in  metric  measurements,  you  will  be  obliged 
to  change  your  standards  all  through  your  shop.  Nothing  of 
that  kind  is  further  from  the  fact,  and  most  of  you  who  have 
l)een  before  the  committee  have  come  to  that  conclusion.  There 
is  nothing  in  the  bill  that  will  require  anything  of  that  kind. 
If  the  Government  asks  for  a  different  machine  from  that  which 
you  have  been  making,  you  will  make  it,  and  it  will  not  make 
any  difference  to  the  Government,  and  not  much  to  you,  whether 
you  measure  it  by  a  metric  rule  or  not. 

A  Memher. — What,  then,  is  the  object  of  this  bill  ? 

Mr.  Southard. — The  object  of  the  bill,  as  I  have  already  said 
several  times,  is  to  bring  about  uniformity  in  weights  and  meas- 
ures in  the  transaction  of  the  business  of  the  Government,  and 
to  give,  so  far  as  possible,  without  interfering  with  the  lousiness 
of  the  general  public,  the  metric  system  a  trial. 

Mr.  Warren. — If  this  is  all  so  plain,  why  wouldn't  it  make  it 
much  more  plain  to  eliminate  the  last  clause  of  the  ])ill  ? 

Mr,  Southard. — So  far  a  1  am  personally  concerned,  I  have  no 
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objection  to  doing  that;  but  tlie  bill  has  been  reported  in  the 
I'oi'ni  ill  which  it  now  is,  and  it  was  not  thought  at  that  time 
tliat  this  chiuse  Avould  be  an  objectionable  feature  at  all.  That 
feature  of  the  bill  was  not  dw(^lt  upon.  The  point  that  I  have 
just  stated  seemed  to  be  the  great  objection  to  the  bill — that  the 
adoi)tion  of  the  metric  system  by  the  departments  of  the  Govern- 
ment, as  provided  in  this  bill,  would  require  shops  to  change  all, 
or  many  of  their  standards. 

Mr.  Ilalsey. — You  tell  us,  Mr.  Southard,  that  this  thing  does 
not  involve  the  changing  of  the  sizes  of  our  machines.  Then 
why  all  this  talk  about  the  cost  of  new  tools,  etc.  ? 

3Lr.  Southard. — There  is  no  necessity  for  that. 

Ifr.  Ilalsey. — Mr.  Stratton  says  it  would  cause  changes. 

Mr.  Southard. — That  contemplates  a  step  beyond. 

Mr.  Ilalsey. — I  should  say  so. 

Mr.  Southard. — If  we  are  going  to  adopt  this  system,  we 
would  like  to  be  certain  we  are  right  about  it.  If  it  is  a  good 
thing  for  the  Government  it  is  a  good  thing  for  everybody.  We 
believe  the  saving  of  cost  in  the  education  of  our  children  year 
after  year  would  be  more  than  the  whole  cost  to  all  of  the  manu- 
facturers of  the  United  States  incident  to  the  introduction  of  the 
metric  system. 

A  Memher. — I  would  like  to  ask  whether  in  the  case  of  selling 
machinery  or  any  product  to  the  Government  they  would  accept 
the  nearest  equivalent  to  the  metric  measurements  ?  If  you  were 
buying  GO-inch  lathes,  for  instance,  would  you  accept  the  nearest 
equivalent  to  the  metric  measurement  ? 

Mr.  Southard. — Every  measurement  is  really  approxiinate,  and 
I  presume  there  would  be  no  doubt  about  that.  Of  course  I  do 
not  know  what  the  Government  officers  would  do  in  such  a  case. 
I  think  the  officers  of  the  Government  are  inclined  to  be  reason- 
ably accommodating.  For  instance,  if  you  are  selling  a  pump  to 
the  Government,  a  pump  furnishing  so  many  gallons  per  minute, 
you  would  take  the  equivalent  in  litres.  If  that  amount  of  lati- 
tude were  allowed,  I  should  think  a  great  many  of  the  objec- 
tions that  many  of  3^ou  gentlemen  make  would  disappear. 

Mr.  Miller. — I  would  like  to  ask  one  question  of  the  congress- 
man. Admiral  Melville  is  the  chief  of  the  Bureau  of  Steam 
Engineering.  Has  he  been  registered  in  favor  of  the  metric 
system  ? 

Mr.  Southard. — I  do  not  want  to  sav  that  Admiral  Melville's 
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testiiiiony  is  entirely  in  favor  of  llie  metric  system.  He  lias  said 
this,  however,  that  he  believes  the  juloption  of  the  metric  system 
is  eventually  inevitable;  that  he  thinks  it  is  entirely  practicable; 
and  that  he  believes  that  his  department  could  very  well  use  the 
system.  He  says  he  thinks  that  it  would  cause  some  extra 
ex])ense  to  the  (lovernment;  that  the  matter  of  the  expense  in 
runnin«i;  his  dej)artment  would  be  the  <^reat  objection,  if  any, 
but  if  the  Government  will  only  give  him  the  money  he  can 
use  it. 

Mr.  MUler. — Ami  Admiral  Bowles  is  the  head  of  the  Bureau 
of  Construction  in  the  Navy.     What  does  he  say  about  it  ? 

Mi\  Southard. — He  was  invited  to  appear  before  the  commit- 
tee, but  he  did  not  respond.  The  representative  from  his  bureau, 
however,  opposed  the  ])roposed  legislation. 

21  r.  F.  A.  Ge'ier. — I  would  like  to  ask  Mr.  Southard  a  ques- 
tion. Mr.  Southard,  you  stated  that  this  bill  does  not  contem- 
])late  any  compulsion  at  all.  You  also  stated  that  it  was  contem- 
])lated  to  try  this  legislation  first  upon  the  dog — meaning  thereby 
the  Government.  You  have  further  made  the  statement  that 
certain  departments  of  this  Government  have  already  voluntarily 
adopted  the  metric  system.  !N'ow,  sir,  I  would  like  to  ask 
whether  if  certain  departments  of  the  Government  have  been 
able  to  make  the  adoption  of  the  metric  system  compulsory, 
would  not  the  proposed  bill  make  it  compulsory  upon  everybody 
else  ?  Furthermore,  are  you  not  making  it  compulsory  upon  the 
departments  of  the  Government  who  have  elected  to  use  the 
metric  system  ?  Are  you  not  practically,  therefore,  bringing 
about  compulsion  when  you  say  that  }^ou  Avant  the  Government 
to  try  it  first  ?  Because  you  added  that  if  the  Government  found 
it  a  good  thing,  it  would  be  a  good  thing  for  all. 

Mr.  Southard. — I  admit  that  so  far  as  the  Government  depart- 
ments are  concerned  it  will  be  compulsory. 

Mr.  Geier. — Then  those  departments,  not  having  elected  to 
use  the  metric  system,  when  you  have  passed  this  bill  and  it 
becomes  a  law,  you  will  be  making  it  compulsory  upon  all  the 
departments  of  the  Government  to  use  it  ? 

2[r.  Southard. — Yes. 

A  Meniber. — So  your  argument  is  not  in  line  with  the  real 
aims  of  the  bill,  because  when  I  read  this  bill  I  find  that  it  is 
compulsory.  It  means  that  we  must  go  on  the  metric  system 
throughout  after  a  certain  date.   How  do  you  explain  3'our  argu- 
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ment  to  us  that  this  is  a  very  innocent  proposition,  that  there  is 
no  compulsion  intended  ?  You  make  the  further  statement  that 
certain  departments  of  the  Government— mentioning  tlie  Sur- 
geon-General— have  under  the  present  law  been  able  to  make  tlie 
adoption  of  the  metric  standard  in  their  dej)artments  compulsory. 
Why  do  you  ask  us  to  let  this  bill  go  through  Congress  if  you 
do  not  need  it  ? 

Mr.  Southard. — We  have  not  asked  you  to  let  it  go  through. 
What  we  have  asked  you  is  this.  We  have  said  that  the  purpose 
of  this  bill  is  to  secure  uniformity  in  Government  transactions, 
for  the  purpose  of  having,  as  far  as  ])ossible,  some  kind  of  a 
trial  of  the  merits  of  the  metric  system,  without  seriously  involv- 
ing the  public  at  large. 

A  Memher. — Then  all  those  departments  of  the  Government 
wdll  have  to  try  it  ? 

Mr.  II.  R.  Towne. — ^I  think  one  reason  why  the  bill  presents 
objectionable  features  to  the  interests  represented  here,  is  that 
many  of  the  manufacturers  here  present,  and  still  more  to  those 
who  are  affiliated  with  this  society  and  what  it  stands  for,  are 
producers  of  material  of  which  the  Government  is  a  consumer. 
Now,  if  the  Government  is  going  to  demand  that  material  in 
different  dimensions  from  those  that  are  standard,  either  a  man- 
ufacturer must  decline  to  deal  with  the  Government  or  must 
incur  great  additional  expense  in  providing  special  tools  for  the 
making  of  that  material;  and  I  believe  that  a  great  part  of  this 
opposition  would  be  removed  if  the  bill  included  a  proviso  that 
any  of  the  departments  of  the  Government,  in  the  purchase  of 
standard  material,  while  perhaps  requiring  to  have  the  dimen- 
sions stated  in  metric  units,  could  adopt  existing  standard  dimen- 
sions. 

Mr.  Southard. — Is  there  anything  in  the  bill  which  would  pre- 
vent any  departmental  officer  from  doing  that  ? 

Mr.  ToLcne. — That  is  what  we  are  afraid  of.  We  are  afraid 
that  under  the  provisions  of  the  bill  the  officials  of  the  Govern- 
ment w^ill  so  determine,  and  will  say  to  us  that  if  we  want  to 
furnish  such  and  such  material  to  the  Government  we  must  com- 
ply with  the  letter  of  that  l)ill  in  every  particular.  E'ow,  if 
you  make  it  permissive,  not  compulsory,  that  they  may  use  ex- 
isting dimensions,  I  think  it  will  remove  much  of  the  objection 
to  the  bill  in  its  present  form. 

Mr.  Spencer  Miller. — For  example,  I  represent  a  manufacturer 
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of  sliips'  winches.  A  standunl  wiiuh  is  catalog-ucd  in  the  Knt^- 
lish  system.  In  case  this  bill  becomes  a  law  the  Navy  I)ej)art- 
ment  W(Mi1(1  have  to  send  the  order  for  that  winch  in  the  metric; 
system.  We  will  say  tliat  it  hiis  7'  x  10"  cylinders.  Now,  they 
must  reduce  those  dimensions  to  the  metric  system. 

Mr.  Southiinl. — You  have  numbers,  have  you  not,  for  these 
different  winches? 

Mr.  Miller. — Xo;  not  necessarily. 

Mr.  Southard. — If  they  were  numbered,  why,  the  (rovernment 
iiiiofht  order  them  bv  the  number. 

Mr.  Miller. — In  the  case  of  a  special  winch,  desired  by  the 
Government,  they  would  be  oljliged  to  specify  it  in  the  metric 
svstem.     Xow.  how  are  thev  erointif  to  use  the  metric  system 
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that  agrees  with  a  7  x  10"  cylinder?  Is  the  department  going 
to  produce  w^orking  drawings  for  a  winch  specially  contrived  for 
them  that  is  going  to  have  the  metric  equivalent  of  a  7-inch  bore  ? 

2Ir.  Southard. — I  would  see  no  necessity  for  it. 

Mr.  Miller. — Then  the  two  things  go  on  board  the  ship,  and 
the  parts  are  absolutely  non-interchangeable. 

Mr.  Southard. — You  would  not  stamp  your  dimensions  on 
your  winch.     So  I  do  not  see  how^  it  is  at  all  material. 

Mr.  Miller. — If  you  had  ever  w^orked  in  a  machine-shop  you 
would  see. 

Mr.  C.  R.  Gahriel. — I  would  like  to  ask,  along  the  line  of 
thought  of  the  last  speaker,  this  question.  The  congressman 
says  the  Government  will  require  the  dimensions  of  a  machine  to 
be  ex]iressed  in  metric  units,  but  the  builder  can  make  the  ma- 
chine just  the  same  as  before.  Xow,  for  illustration,  suppose  the 
machine  has  a  shaft  2  inches  in  diameter,  the  nearest  metric 
equivalent  would  be  50  millimeters,  or  1.970  inches.  The  builder 
would  have  to  make  special  tools,  or  the  Government  Avould  have 
to  accept  the  shaft  2  inches,  expressed  as  50  millimeters  and  a 
fraction,  which  is  a  very  undesirable  thing,  as  all  builders  of 
machinery  know,  the  effort  being  to  cut  out  all  fractional  dimen- 
sions where  possible. 

Mr.  Southard. — I  do  not  want  to  be  misunderstood  here.  1  do 
not  mean  that  the  tendency  would  not  be  eventually  to  make 
these  exact  sizes.  That  would  be  so,  but  the  process  would, 
perhaps,  be  rather  slow^.  You  work  with  vulgar  fractions,  and 
very  inconvenient  fractions,  as  I  know,  many  times,  and  whether 
decimal  or  other  does  not  make  so  much  difference. 
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Mr.  F.  A.  Ilalsey. — Mr.  Southard  tells  us  the  desirable  thing 
is  a  universal  system  of  weights  and  measures.  The  (|uestion  at 
issue  is  not  is  this  thing  desirable,  but  is  it  practicable  ?  And  a 
century  of  experience  with  tlie  metric  system  has  shown  that  it. 
is  not. 

Mr.    Southard  says  that  an  invitation  to  appear  before  the. 
House  Committee  was  sent  to  Mr.  Coleman  Sellers.    The  follow- 
ing letter  from  Mr.  Sellers  says  differently: 

"  In  reply  to  your  favor  of  the  29th  instant,  have  to  say  that  I  received  no 
invitation  to  appear  before  the  House  Committee  on  Coinage,  Weights  and 
Measures." 

The  following  from  William  Sellers  &  Company  also  explains 
itself : 

"  This  company  received  no  invitation  to  appear  before  the  House  Committee 
on  the  metric  system,  nor  did  any  member  of  our  staff  receive  such  an  invitation." 

Mr.  Southard  tells  us  that  Admiral  Bowles  was  invited  to 
appear  before  the  committee,  but  the  following  extract  from  a 
letter  from  Admiral  Bowles  to  the  Secretary  of  the  ]^avy  does 
not  agree  with  his  statement: 

"  The  Chief  of  the  Bureau  of  Standards,  of  the  Treasury  Department,  called  at 
this  bureau  some  time  since,  to  obtain  its  views  upon  the  subject,  and  was  in- 
formed that  they  were  adverse  to  the  measure  in  question.  He  stated  that  the 
chief  constructor  would  be  given  an  opportunity  to  express  his  views  before  the 
proper  committee  of  the  House,  but  this  has  not  occurred,  and  therefore  the 
bureau  considers  it  desirable  to  lay  before  you  a  brief  statement  of  the  serious 
disadvantages  that  would  be  incurred  by  the  enforcement  of  the  proposed 
measure  in  the  Navy  Department,  and  particularly  in  this  bureau." 

'^  Wherever  we  knew  of  a  man  whose  opinion  we  thought  would 
be  valuable,  and  knew  that  he  was  against  the  metric  system, 
he  received  an  invitation  to  appear  before  our  committee, ' '  but 
the  most  distinguished  American  opponent  of  the  system,  the 
house,  which  for  thirty  years  has  been  the  centre  of  opposition 
to  it,  and  the  chief  constructor  of  the  navy,  whose  views  were 
first  ascertained,  were  overlooked ! 

The  critical  analysis  of  the  disadvantages  of  the  proposed 
change  given  by  Admiral  Bowles  is  too  long  for  insertion  at  this 
stage  of  the  argument,  but  it  is  summarized  in  the  last  paragraph, 
which  reads: 
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I  am  unahlo  to  soo  tln^  ultiip.at<'  advantaK^'  claiimd  for  thr  nx'tric  systx-m. 
riic  onorinous  (lilflculty  <if  the  critirc  loss  of  pn^scnt  standards  is  entin'ly  lost 
sijjlit  of  ill  tilt-  iiuTo  slight  convenience  in  conversion  from  one  8yst<Mn  of  measures 
"»  another. 

Mr.  Soutlianl  considers  tliat  Admiral  Melville  believes  the 
adoption  of  the  system  to  be  inevitable  and  entirely  ])racticable- 
The  following  from  Admiral  Melville  does  not  a<^ree  witli  tliis 
o]>inion: 

The  metric  system  is  entirely  academic.  It  is  a  jx-rfect  system  fortlie  labora- 
tory but  would  ruin  the  business  of  Great  Britain  and  America.  We  had  better 
attempt  to  teach  the  world  a  universal  language. 

^'The  testimony  was  overwhelmingly  in  favor  of  the  bill." 
Two  re])resentatives  of  the  textile  industry  appeared  to  favor  the 
bill,  but  the  vote  taken  by  the  Te,dile  World  was  substantially 
two  to  one  against  it,  and  of  1,200  textile  mills  and  textile  men 
who  were  asked  to  vote,  just  54  cared  enough  about  the  matter 
to  reply.  Mr.  Southard  should  read  the  list  of  manufacturers 
which  heads  this  discussion,  all  of  whom  but  two  vote  against 
the  system. 

I  do  not  believe  that  the  American  people  are  prepared  to 
admit  that  the  forcing  of  this  thing  upon  the  American  Xavy  in 
opposition  to  the  judgment  of  its  chief  constructor  and  its  chief 
engineer  can  be  properly  described  by  the  words  ^'  trying  it  on 
a  dog." 

Mr.  Southard  tells  us  ''  there  is  not  a  word  in  this  bill  lookinsr 
to  compulsion,"  but  in  his  cross-examination  he  admits  that  in 
all  transactions  of  the  Government,  including  those  with  parties 
outside  the  Government  service^  it  requires  that  the  metric  system 
shall  be  used,  and  by  reference  to  the  bill,  paragraph  S2,  it  will  be 
seen  that  in  Government  business  only  the  weights  and  measures 
of  the  metric  system  shall  be  used.  The  opinion  of  the  Attornej^- 
General  that  the  bill  does  not  involve  compulsion  relates  to  the 
interpretation  of  the  words  legal  standard,  and  the  metric  advo- 
cates endeavor  to  so  stretch  his  language  as  to  make  it  appear 
that  the  bill  has  no  compulsory  features.  How  can  the  system 
be  obligatory,  as  Mr.  Southard  admits  it  is,  upon  the  depart- 
ments in  their  dealings  with  outside  parties,  and  not  be  obliga- 
tory on  those  parties? 

The  case  is  parallel  with  that  of  the  Eight-Hour  Bill.  That 
bill  is  intended  to  compel  all  manufacturers  who  supph^  the  Gov- 
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eminent  with  goods  to  employ  their  workmen  eight  hours  only, 
and  the  Metric  S3^stem  ]>ill  is  likewise  intended  to  compel  those 
same  manufacturers  to  use  the  metric  system.  Xo  one  will  pre- 
tend tliat  tlie  Eight-Hour  Bill  is  not  compulsory,  and  no  one  can 
rightly  claim  that  the  Metric  System  Bill  is  not,  in  the  same  Avay 
and  to  the  same  degree,  compulsory.  To  claim  that  it  is  not 
thnis  compulsory  is  more  tlian  untrue;  it  is  ridiculous. 

The  purpose  of  the  bill  '^is  to  simplify  and  bring  about  uni- 
formity in  the  Departments  of  the  General  Government. "  Wliich 
is  the  more  important,  uniformity  between  the  IS'avy  Department 
and  the  Medical  Bureau  of  the  War  Department  or  uniformity 
between  existing  and  future  ships  of  the  navy?  The  Anglo- 
Saxon  nations  have  substantial  uniformity  to-day,  wliich  no 
metric  country  has  or  ever  has  had.  In  no  country  of  the  world 
has  the  metric  system  secured  uniformity;  but,  ignoring  the  ex- 
perience of  the  world,  Mr.  Southard  proposes  to  abandon  the 
uniformity  which  we  have,  in  order  that  after  a  transition  period 
of  confusion  and  indefinite  length  we  may  again  reach  uniformity 
Mr.  Southard  should  heed  the  words  of  John  Quincy  Adams: 

Is  your  object  uniformity?  Then  before  you  change  any  part  of  your  sys- 
tem, such  as  it  is,  compare  the  uniformity  that  you  must  lose  with  the  uni- 
formity that  you  may  gain. 

]N"owhere  in  the  pamphlet  of  testimony  before  the  House  Com- 
mittee does  the  idea  appear  that  the  adoption  of  the  system  is 
to  be  confined  to  the  Government,  nor  that  the  purpose  of  the 
measure  is  to  bring  about  uniformity  in  the  departments.  The 
whole  discussion  relates  to  the  adoption  of  the  system  by  the 
business  and  manufacturing  interests  of  the  country,  the  Govern- 
ment merely  taking  the  lead.  That  Congressman  Shaffroth, 
who  introduced  the  bill,  did  not  share  Mr.  Southard's  present 
idea  of  its  scope  is  manifest  from  his  words,  given  on  page  30  of 
the  pamphlet  containing  the  testimony  : 

"  The  bill  which  I  introduced  names  the  first  day  of  January,  1903,  for  the  Gov- 
ernment to  adopt  it,  and  the  1st  of  January,  1904,*  when  the  people  would  have  to 
adopt  it." 

"  We  have  no  doubt  about  the  confusion  in  the  textile  industry. 
.  .  .  The  worse  the  situation  the  louder  the  call  for  a  rem- 
edy."    77ns  confusion  exists  in  metric  countries  alone. 

*  These  dates  were  changed  by  the  committee  to  January  1, 1904,  and  January 
1,  1907,  respectively. 
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*^  More  people  use  the  metric  system  than  use  the  Ku<,^lisli  sys- 
tem to-day.  More  measnring  is  done  in  the  ciff/  of  PhUaihlphla 
than  in  all  of  Sj)anii<h  America.  ]5efore  enumerating  our  l)ushels, 
])arrels,  pints,  pounds,  etc.,  Mr.  Southard  sliould  lia\'e  read  my 
tabU»  of  non-metric  units  used  in  metric  countries.  If  tlie  investi- 
gations of  the  committee  of  the  ]>ritish  Parliament  were  compar- 
able with  those  of  !Mr.  Southard's  committee,  their  conclusions 
are  entitled  to  no  respect  whatever.  What  do  the  coloniid  ])rc- 
miei's  know  of  the  technicalities  of  weights  and  measures?  This 
is  a  factory,  not  a  political  question.  ''  I  am  satisfied  that  we 
use  the  metric  system  very  much  more  largely  than  the  countries 
mentioned  use  any  other  than  the  metric  system."  Kubbish! 
Mr.  AVhitman's  list  of  00  inches,  53  miles,  2ii  pints,  235  pounds, 
etc.,  has  no  application.  These  numerous  units  are  largely  from 
metric  countries.  Xo  such  confusion  exists  in  the  United  States, 
nor  has  it  ever  existed.  This  saddling  of  the  confusion  in 
metric  upon  non-metric  countries  can  scarcely  be  characterized 
in  temperate  language.  Our  three  pounds  produce  no  confusion, 
because  they  are  used  for  different  and  perfectly  understood  pur- 
poses.* They  have  the  same  value  throughout  the  English- 
speaking  world.  The  confusion  described  by  Mr.  Southard,  and 
which  he  attempts  to  saddle  upon  us,  is  the  confusion  due  to  dif- 
ferent values  of  the  same  unit  in  different  districts,  and  even 
towns.  With  the  single  exception  of  our  two  tons  f  there  is  not, 
and  never  has  been,  any  confusion  of  this  kind  in  the  United 
States.  These  numerous  units  represent  the  confusion  into 
which  all  countries  except  the  Anglo-Saxon  had  allowed  weights 
and  measures  to  drift  before  turning  in  despair  to  the  metric 
system. 

So  far  as  any  meaning  can  be  extracted  from  Mr.  Southard's 
cross-examination  regarding  the  meaning  of  the  adoption  of  the 
metric  system  in  the  departments  of  the  Government,  it  appears 
that  he  believes  the  departments  will  require  from  outside  par- 
ties nothing  more  than  the  naming  of  leading  or  over  all  dimen- 
sions, giving  capacities,  etc.,  in  metric  equivalents.  1  have  already 

*  Few  people  have  ever  seen  a  Troy  or  apothecaries'-pound  weight.  /  never  saw 
either  and  much  of  my  earh'  life  was  passed  in  a  drug-store.  The  confusion  of 
which  we  hear  in  Anglo-Saxon  countries  is  a  figment  of  the  imagination. 

1 1  suppose  the  metric  advocates  will  cite  also  the  Imperial  and  the  American 
gallons,  but  of  those  who  read  this,  how  many  have  ever  experienced  any  confu- 
sion due  to  these  two  gallons  ? 
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cliaracterized  this  interpretation  in  anticipation  as  '*  the  greatest  A 
farce-comedy  of  recent  years  ' '  (paragraph  85),  but  I  did  not  expect 
it  would  be  given  so  soon.  Is  it  for  this  petty  outcome  that  the 
House  Committee  is  liolding  hearings  and  technical  societies  are 
liaving  discussions  and  taking  votes  ?  What  will  be  tlie  gain  from 
such  a  course  ?  Where  will  there  be  any  saving  of  time  in  calcula- 
tions ?  With  such  commercial  measurements  in  the  metric  sys- 
tem, and  constructive  measurements  in  the  English  system, 
where  does  the  uniformity  come  in  ?  More  to  the  point,  how- 
ever, it  must  be  remembered  that  Mr.  Southard  is  not  charged 
with  making  Government  purchases,  nor  with  the  interpreta- 
tion of  the  law  for  the  Government  departments.  When  this 
law,  reading  ^^all  the  departments  ...  in  the  transaction 
of  all  business  .  .  .  shall  employ  and  use  only  the  weights 
and  measures  of  the  metric  system,"  reaches  the  l^avy  Depart- 
ment through  an  executive  order,  what  right  will  Admirals 
Bowles  and  Melville  have  to  interpret  the  word  only  in  Mr. 
Southard's  easygoing  way.  Mr.  Southard  thinks  ^'  the  officers  of 
the  Government  are  inclined  to  be  reasonably  accommodating." 
It  will  not  be  a  matter  of  inclination,  but  of  obeying  the  laAV. 

Finally,  I  would  like  Mr.  Southard  to  explain  how  he  recon- 
ciles his  easygoing  interpretation  with  the  italicised  words  of  the 
following  extract  from  the  opinion  of  the  Attorney- General:  * 

"  Indeed,  as  each  bill  f  prohibits  to  the  departments  the  use  of  any  other  system,  by 
a  familiar  rule  of  construction,  this  will  be  taken  as  the  only  prohibition  intended, 
and  it  A\ill  end  there." 

Mr.  Southard's  repeated  expression  of  his  faith  that  the  sys- 
tem is  bound  to  become  universal  shows  that  he,  like  most  of 
the  metric  advocates,  believes  that  if  he  will  only  repeat  the 
statement  often  enough,  that  alone  will  induce  others  to  believe 
it,  like  himself. 

Mr.  Southard  thinks  that  ''the  purport  of  this  bill  has  been 
misapprehended  entirely."  It  is,  I  think,  clear  that  no  one  un- 
derstands its  meaning  less  than  he. 

Mr.  George  S.  Morison. — I  have  only  a  few  words  to  say.  It 
seems  to  me  the  first  thing  to  do  is  to  strip  this  Avhole  subject  of 
all  extraneous   matter,  and  consider  simply   what  it  is.      The 

*  This  opinion  may  be  found  in  full  in  the  "  American  Machinist "  for  March 
20,  1902. 

t  Two  bills  appear  to  have  been  submitted  to  the  attorney-general. 
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(]Uosti()n  is  not  of  clKin^c^s  of  sizes  or  standards,  l)ut  it  is  a  (jik^s- 
tion  of  adoj>tin<i^  another  method  of  ineasurin<^  existin*^  stand- 
ards. 1  am  perfectly  willin<^  to  admit  tliat  the  decimal  system 
is  not  the  best.  I  myself  would  prefer  the  octal  system.  Some 
other  man  would  prefer  the  duodecimal  system.  But  if  we  go 
back  to  the  creation  and  the  Creator,  there  is  nothing  more  true 
than  that  the  Creator  has  made  mankind  with  live  lingers,  and 
that  fact  is  the  basis  of  our  decimal  system.  It  may  be  tliat  on 
tlie  ])lanet  of  Mars  they  are  far  aliead  of  us,  because  by  having 
six  lingers  they  have  the  duodecimal  system.  But  if  there  is  any 
one  thing  which  has  the  seal  of  the  Creator  on  it,  it  is  the  decimal 
system,  based  on  five  fingers.  Then  again,  it  is  perfectly  true  that 
the  metre  is  not  what  it  was  intended  to  be,  and  it  was  not  a  rational 
unit  anyway.  There  never  has  been,  so  far  as  I  can  make  out,  but 
one  rational  unit,  and  that  is  the  nautical  mile,  which  is  a  minute 
of  arc.  But  the  fact  remains  that,  rational  or  irrational,  the 
metre  is  the  only  standard  now  of  international  use;  and,  as  I 
understand,  the  only  standard  of  any  kind  Avhich  is  referred  to 
as  the  basis  of  scientific  accuracy  is  the  metre  preserved  in 
Paris  and  the  replicas  which  have  been  sent  to  other  parts  of 
the  world.  It  bears  no  practical  relation  to  any  arc  of  the  earth, 
or  the  meridian  of  Paris,  or  any  other  meridian,  or  of  any  par- 
allel of  latitude,  but  it  is  a  unit  which  is  in  use.  We  are  not 
called  to  consider  what  things  are  divine.  We  simply  want  to 
consider  Avhether  there  will  be  an  advantao:e  or  a  disadvantaf]:e 
in  the  use  of  the  decimal  system,  and  if  there  will  be  an  advan- 
tage in  its  use,  whether  we  had  not  better  adopt  the  decimal 
system,  which  is  the  most  generally  adopted.  It  .is  certainly 
easier  to  multiply  2  inches  by  3  inches  than  to  multiply  the 
equivalent  in  metres,  but  it  is  not  easier  to  multiply  1  foot  2f 
inches  by  5|^  inches  than  it  is  to  multiply  the  decimal  0.3651 
metres  by  the  decimal  0.14^4:.  We  use  the  decimal  S3^stem  in 
all  our  calculations,  and  the  decimal  system  is  the  basis  of  the 
metrical  system.  In  spite  of  the  sacredness  of  the  inch,  the 
civil  engineer  has  abolished  it.  The  railroad  engineer  in  his 
field  work  takes  the  tenth  of  a  foot  and  throws  the  inch  entirely 
away,  in  spite  of  its  sacred  meaning. 

Let  us  imagine  a  table  of  logarithms  in  vulgar  fractions,  halves, 
quarters,  etc.  It  would  be  as  unreasonable  a  thing  as  the  Chinese 
counting- board,  which  they  use  simply  because  they  have  no 
convenient  decimal  notation,  although  they  have  a  decimal  basis. 
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It  seems  to  me  this  is  the  whole  question.  Tliere  is  no  occasion 
for  making  any  change  of  standards.  Decimals  can  always  be 
used  for  everything  within  a  margin  of  error  much  less  than  any- 
body can  work  to.  You  have  simply  to  put  on  one  more  figure, 
and  instead  of  an  error  of  a  ten-thousandth  of  a  metre  you  have 
an  error  of  a  one  hundred  thousandth  of  a  metre.  I  think  that 
is  the  only  question.  Are  we  prepared  to  do  this,  or  are  we 
going  to  stick  by  our  old  cumbersome  methods?  We  cannot 
measure  everything  in  even  metres.  We  must  avail  ourselves  of 
the  decimal  sub-divisions.  The  matters  which  would  be  affected 
most  are  our  areas  of  land  and  our  land  surveys,  and  these  latter 
are  so  inaccurate  that  there  would  be  some  advantage  in  getting 
rid  of  the  even  numbers,  which  now  imply  an  accuracy  which 
does  not  exist. 

Mr.  F.  A.  Halsey. — ^'  The  question  is  not  a  change  of  sizes  or 
standards,  but  it  is  a  question  of  adopting  another  method  of 
measuring  existing  standards."  Mr.  Morison  is  mistaken.  The 
basic  feature  of  the  use  of  any  system  of  measurements  is  the 
use  in  construction  of  such  sizes  as  are  represented  by  the  lines  on 
scales  graduated  in  the  system  used.  The  use  of  refined  methods 
of  measurement  in  construction  is  chiefly  to  determine  these  sizes 
with  greater  accuracy.  English  sizes  are  not  and  cannot  be  thus 
represented  by  the  lines  on  metric  scales. 

A  change  which  changes  nothing  can  accomplish  nothing. 
The  use  of  metric  equivalents  for  English  sizes  would  make  no 
change  in  any  manufactured  product  and  would  not  increase  its 
fitness  for  any  purpose  nor  its  acceptability  to  any  customer. 
The  only  changes  introduced  would  be  in  drawing  office  and  shop 
measurements,  and  such  changes  would  be  distinctly  for  the 
worse,  as  they  would  wipe  out  all  dimensions  represented  by 
lines  upon  scales. 

Imagine  any  piece  of  work  Avhatever — a  drawing,  a  jig,  a 
piece  of  framework,  or  a  heavy  casting  or  forging — in  process 
of  laying  out.  The  scales  used  are  metric,  but  the  sizes  are  those 
i  marked  upon  English  scales;  that  is,  we  imagine  English  sizes  to 
be  laid  out  by  means  of  their  metric  equivalents.  I71  a  day^s 
work  not  a  single  size  wanted  wotdd  he  found  onarhed  n^pon  the 
scale.  Every  one  of  them  onust  he  estitnated.  The  question  is  not 
the  measuring  of  existing  sizes  in  another  set  of  units,  but  the 
retirement  of  existing  sizes  and  the  substitution  therefor  of  new 
ones.     1  have  gone  into  this  specious  evasion — not  solution — of 
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the  question  in  paragraph  ."):);  ])ut  <i:rantin«r  it  to  be  feiisible — 
which  it  is  not — no  one  has  ever  shown  Iuav  it  is  to  secure  any 
advantage  whatever. 

This  matter  need  not,  however,  be  left  to  deduction.  ^Ve  have 
the  experience  of  the  machine  tool  builders  in  changing  adjust- 
ing and  measuring  screws,  and  the  experience  of  the  Brown  S: 
Shar|>e  Maimfacturing  Com])any  in  connection  with  small  to(jls, 
which  is  given  elsewhere  in  this  discussion  by  Mr.  ShaqK?.  The  fact 
which  stands  out  above  all  others  is  that  to  the  extent  which 
these  manufacturei*s  have  used  the  metric  system,  to  tlie  same 
twtent  have  iheij  ahandotuHl  their  Etiglish  stajidards. 

The  feasibility  or  the  reverse  of  this  use  of  metric  ecpiivalents 
for  English  dimensions  represents  the  dividing  line  of  intelligent 
opinion  upon  this  subject.  That  it  is  not  feasible  is  as  clear  to 
nie  as  is  the  truth  of  the  multiplication  table.  Read  the  footnote 
to  paragraph  53  and  the  latter  half  of  paragraph  55. 

Mr.  S\q)lee. — I  have  no  arguments  to  present,  with  one  ex- 
ception. I  think  it  will  be  found  that  any  nation  which  predom- 
inates in  any  particular  branch  of  commerce  or  manufacture  will 
carry  its  standards  with  it.  That  is  clearly  shown,  1  think,  in 
the  way  certain  British  standards  have  preponderated  in  Germany 
and  in  the  Spanish- American  countries,  to  Avhich  Mr.  Ilenuiug 
has  referred.  England  is  a  great  ship-building  country,  and  the 
result  is  that  vessels  all  over  the  world  are  measured  in  the  Brit- 
ish tonnaoe  svstem.  The  nautical  mile  prevails  everywhere. 
Xowhere  are  sea  distances  measured  in  kilometres.  On  the  bow 
of  every  German  ship  in  this  port  you  will  find  the  draught  of 
the  ship  marked  off  in  British  feet.  In  other  words,  it  is  the 
commercial  or  manufacturing  importance  of  the  nation  which 
carries  the  system  with  it,  and  not  any  ])aritcular  inherent  merit 
in  the  system.  ^'hatever  system  the  United  States  chooses  to 
adopt  will  go  wherever  American  manufactures  go.  AVhatever 
system  England  adopts  will  go  where  English  manufactures  go. 
The  system  is  secondary  to  the  machinery  back  of  it,  and  to  the 
nation  back  of  it.  And  so  long  as  you  adopt  a  consistent  system 
and  adhere  to  it,  it  sunply  depends  on  what  you  do  with  it  and 
not  what  it  is. 

^^r.  C.  Y.  Kerr. — It  has  just  been  whimpered  to  me  by  a  gen- 
tleman whose  s]3okesman  I  will  be  for  a  moment  that  the  shape 
of  the  earth  is  changing,  and  consequently  the  axis  of  the  earth 
would  not  be  a  fit  source  for  a  unit  of  measurement.   I  can  remem- 
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ber  for  myself,  it  was  stated  in  iny  old  geography  that  Coney 
Island  was  gradually  sinking — whether  ])hysically  or  morally 
was  not  stated.  I  have  been  afraid  to  go  there  since.  1  think 
the  keynote  of  the  Avhole  (]uestion  has  been  struck  by  one  or  two 
of  the  speakers.  Mr.  Morison,  for  instance,  states  that  civil  en- 
gineers have  long  ago  discarded  the  inch  and  substituted  the 
tenth  of  a  foot,  and  that  is  right.  Have  not  machinists  done  the 
corres})onding  thing  ?  In  using  micrometre  calipers  we  measure 
to  a  thousandth  of  an  inch.  Have  not  the  old  cumbersome 
wire  gauges  been  largely  replaced  by  more  convenient  ones  ?  Is 
not  that  the  trend  of  evolution,  to  discard  those  old-fashioned 
things  that  have  been  found  useless,  and  won't  that  process  go 
on?  So  far  as  standards  of  measurement  are  concerned,  the 
metre  and  the  yard,  are  not  they  both  reduced  to  two  bars  of 
metal  that  are  carefully  preserv^ed  ?  Therefore,  isn't  one  as  good 
as  the  other  in  itself?  If  the  shipbuilding  prestige  and  the  im- 
portance of  England  can  establish  the  tonnage  rating  unit  of  the 
world,  why  cannot  America  ultimately,  from  its  manufacturing 
supremacy,  carr}^  its  own  unit  of  measure  through  all  the 
world?  If  we  keep  on  the  line  of  progress  that  w^e  have 
been  following,  will  it  not  be  possible  for  us  to  force  upon  the 
rest  of  the  world  our  own  unit,  instead  of  going  to  France  for  a 
unit  which  they  have  been  trying  to  adopt  for  a  century?  It 
seems  to  me  that  the  whole  question  comes  down  to  the  phenom- 
enon which  we  sometimes  see  of  the  tail  wagging  the  dog.  The 
French  system  is  destined  not  to  be  used,  in  my  opinion,  by  the 
great  mercantile  and  manufacturing  nations  of  the  earth.  They 
will  be  the  English- speaking  people,  and  wh}/"  should  not  the 
English-speaking  people  force  their  .units  as  they  force  their 
manufactures  on  the  rest  of  the  world  ? 

Mr.  II.  D.  Sharjpe, — I  should  like  to  allude  to  one  feature  of 
Mr.  Halsey's  paper  and  to  contribute  what  little  I  know  of  my 
own  knowledge. 

I  think  one  of  the  most  common  advantages  which  it  is  assumed 
would  come  to  us  manufacturers  by  adopting  the  metric  system 
is  that  regarding  the  keeping,  or  increase,  of  our  foreign  trade; 
indeed,  that  we  will  have  to  adopt  it  if  we  wish  to  make  further 
progress.  Some  people  question  whether  American  trade  is 
going  to  increase  any  more  at  all,  thinking  that  perhaps  we  have 
reached  the  summit  and  have  got  all  that  we  can  by  using  the 
English  system  as  we  have.      Mr.  Halsey  has  shown  by  several 
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oxamplos  tliat  tlio  Aiiu'ricaii  tool  huild^M*  lias  succeeded  pretty 
well  without  the  use  of  the  metric  systeiu.  There  is  a  hui'den,  it 
would  seeui  to  nu\  ])la('(Ml  upon  the  advocates  of  the  new  system 
of  n'ally  sho\vin<i;  hoir  our  foreign  trade  could  Ix;  uiuch  in- 
creased before  it  shall  be  linally  adopted  and  used  in  this  coun. 
t  ry. 

From  my  own  ex])erience  and  my  own  kno\vled<^e  I  can  say 
that  the  adoption  of  the  metric  system  would  not  increase  the 
foreign  trade  by  one  iota — the  foreign  trade  in  which  I  am  inter- 
ested. We  have  sold  machines  for  years  in  foreign  countries 
made  on  the  English  system,  and  are  finally  willing  to  furnisli 
screws,  or  their  e(|uivalents,  by  the  substitution  of  dials  on  the 
adjusting  screws,  just  as  the  foreign  demand  needs  it.  The  (|ues- 
tion  with  us  has  simpl>^  been  does  it  pay?  Furthermore,  we 
have  furnished  cutters,  vietric  cutters,  with  metric  holes  hecause  it 
pays.  AVe  have  made  metric  measuring  instruments  hecause  it 
jHiys.  Another  thing  to  which  I  would  like  to  call  the  attention 
of  those  Avho  think  we  must  have  the  metric  system. in  order  to 
increase  foreign  trade  is  the  fact  that  American  tools,  which  are 
principally  sold  through  foreign  agents  on  the  ground,  are  gen- 
erally listed  in  their  catalogues  with  metric  equivalents,  and  not 
Avith  the  English  expressions.  For  instance,  a  milling  machine 
will  be  shown  by  number,  and  underneath  it  will  be  placed  its 
capacity  in  milUmetres.  Turning  to  the  metric  system,  then, 
would  not  alter  the  conditions  of  selling  American  machines  in 
foreign  countries  so  far  as  I  can  see. 

In  order  to  confirm  my  own  impressions  I  corresponded  with 
several  tool  builders  and  makers  of  some  supplies,  such  as  taps 
and  dies,  in  the  vicinity  of  our  own  city,  and  I  lind  that  their 
experience  substantially  agrees  with  ours.  They  furnish  machines 
with  metric  screws  and  taps .  and  dies  in  the  metric  system,  or 
the  AYhitworth  or  the  French  standard  sj^stem,  when  demanded 
and  when  it  pays^  all  at  practically  the  same  prices  that  other 
goods  are  sold  in  the  English  system  for  American  or  English 
consumption. 

Mr.  P.  A.  Sanguinettl. — I  would  like  to  say  to  the  members 
that  some  thought  is  being  given  to  this  subject  in  England. 
About  a  month  ago  I  received  a  drawing  from  London  in  which 
the  measurements  were  given  in  millimetres,  and  my  corre- 
spondent wrote  calling  my  attention  to  it,  saying  that  they  were 
preferred  to  ''  the  barbaric  feet  and  inches." 
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M/:  F.  A.  Ilalsey.''^' — Tliis  paper  and  discussion  are  an  effort 
to  establish  four  leading  propositions  : 

1.  As  shown  l)}^  the  experience  of  other  countries,  the  cliang- 
ing-  of  a  people's  system  of  weiglits  and  measures  is  a  task  of 
enormous  diihculty,  and  is  attended  with  wide-spread  confusion. 
A  few  general  denials  of  the  facts  regarding  the  persistence  of 
old  units  in  metric  countries  have  been  made;  but  the  facts  are 
overwhelming,  and  are  of  such  a  nature  that  they  scarcely  admit 
of  being  answered.  It  may,  then,  be  considered  as  proven  that 
with  us,  and  especially  without  general  compulsory  laws,  which 
the  metric  advocates  disclaim,  the  transition  period  will  last  for 
a  century. 

2.  The  adoption  of  the  metric  system,  meaning  by  that  term 
the  retirement  of  the  inch  and  the  substitution  therefor  of  the 
millimetre,  involves  the  destruction  of  all  mechanical  standards, 
^fr.  Miller  has  said  that  he  does  not  believe  this,  and,  no  doubt, 
Mr.  Henning  considers  his  table  of  approximate  equivalents  to 
apply  here ;  but  there  has  been  no  effective  rebuttal  of  the  position 
taken  in  the  paper,  which,  therefore,  I  regard  as  established. 

3.  The  prosperity  of  foreign  trade  in  nowise  requires  the  adop- 
tion of  the  system  as  a  basis  of  manufacture,  f  With  the  excep- 
tion of  a  single  re-echo  of  the  old  assertions  to  the  contrary  by 
one  of  Mr.  Miller's  correspondents,  there  is  not  in  this  whole 
discussion  a  syllable  of  disproof  of  this  contention,  while  the 
confirmation  of  it  by  the  experience  of  machinery  manufacturers 
is  overwhelming.  This  proposition  may,  therefore,  be  regarded 
as  not  only  proven,  but  as  accepted  by  the  metric  advocates. 

4.  The  bill  now  before  Congress  is  a  compulsory  measure,  so 
far  as  it  relates  to  those  who  do  business  with  any  of  the  depart- 
ments of  the  government,  l^o  reply  has  been  made  to  this,  and, 
indeed,  its  truth  is  virtually  admitted  by  Mr.  Southard.  It 
therefore  may  be  regarded  as  established. 

How  much  remains  of  the  metric  case  ? 

*  Author's  final  closure,  under  the  Rules. 

t  This  is  not  to  be  understood  as  referring  to  its  use  in  commercial  literature  and 
correspondence.  It  is  the  commonest  of  common  sense  to  say  that  commercial 
information  for  metric  countries  should  be  given  in  metric  units. 
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No.  972. 

REPORT  OF  COMMITTEE  APPOINTED  TO  DISCUSS 
THE  ARGUMENTS  IN  FAVOR  OF  AND  AGAINST 
THE  METRIC  SYSTEM. 

To   THE   Members   of   the  American   Society  of   Mechanical 

Engineers. 

Sirs. — As  a  result  of  the  discussion  of  the  relative  merits  of 
the  English  and  of  the  metric  systems  of  weights  and  measures, 
which  took  place  at  the  Autumn  (1902)  meeting  of  the  Society, 
the  Council  appointed  Messrs.  Geo.  M.  Bond,  James  Christie, 
Wm.  Kent  and  Fred  J.  Miller,  as  a  committee  to  prepare  and 
present  a  report  to  accompany  the  paper  of  F.  A.  Halsey  and 
the  discussion  upon  it,  and  to  be  sent  to  the  members  with  the 
request  that  they  vote  upon  certain  questions  pertaining  to  the 
discus  ^ion. 

Upon  conferring  together,  it  was  found  that  all  the  members 
of  the  committee  were  agreed  upon  the  following  points: 

1.  Legislation  designed  to  compel  the  exclusive  use  of  the 
metric  S3"stem  is  not  desirable. 

2.  We  believe  that  such  legislation  could  not  be  enforced  in 
any  event  so  far  as  transactions  between  private  individuals  are 
concerned. 

3.  The  general  government  has  the  power  to  specify  the  system 
to  be  used  in  its  own  work  and  business,  and  can  require  that 
work  done  for  it  by  contractors  shall  conform  to  any  specified 
measurements  or  weights. 

4.  The  government  cannot  compel  anyone  to  bid  upon  its 
specifications. 

5.  Eecoo-nizino:  the  well  settled  fact  that  the  consumer  does 
and  must  pay  all  necessary  costs  of  production,  we  believe  that 
if  the  government  specifies  such  dimensions  as  will  materially 
increase  costs  of  production,  the  government  and  not  the  bidder 
will  have  to  pay  such  increased  costs,  it  being  self-evident  that 
a  bidder,  not  compelled  to  bid,  Avill  not  bid  except  at  a  price 
which  will  afford  him  a  profit. 
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0.  The  bill  now  before  Congress  is  intended  to  make  tbe  use 
of  tbe  metric  system  compulsory  in  tbe  several  dej)artments  of 
tbe  government,  but  it  cannot  make  it  compulsory  in  private 
transactions. 

T.  AVe  believe  tbere  is  no  force  in  tbat  class  of  artruments 
wbicb  consists  in  taking  integral  dimensions  in  one  system,  trans- 
lating tliem  into  equivalent  and  tberefore  fractional  dimensions 
in  tbe  otber  system  and  tben  making  comparisons.  Sucb  argu- 
ments can  be  made  as  strong  for  tbe  one  system  as  for  tbe  otber. 

James  Christie, 
Fred  J.   Miller, 
George  M.  Bond, 
William  Kent. 

Having  agreed  upon* tbe  above  points,  tbose  members  of  tbe 
committee  wbo  com})ose  wbat  may  be  called  its  pro-metric  side 
bave  prepared  tbe  following  statement  in  favor  of  tbe  metric  sj^s- 
tem,  wbicb  will  be  found  upon  tbe  left-band  pages  following;  tbe 
answering  argument  being  upon  tbe  rigbt-band  pages;  corre- 
sponding numbers  being  used  tbrougbout  for  convenience  of  tbe 
reader. 
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Arguments  in  Favor  of  Metric  System. 

1.  It  is  a  rational  system  tliat  harinonizes  with  the  world's 
aritlimctical  notation,  and  is  the  only  method  so  far  proposed 
that  bears  any  promise  of  becoming  univ^ersally  international, 
thus  facilitating  commercial  exchanges  and  encouraging  inter- 
national trade. 


2.  The  correlations  established  between  measures  of  length, 
weight  and  volume,  together  with  the  uniform  decimal  enumera- 
tion, tend  to  facilitate  and  simplify  computation  and  reduce  the 
necessity  of  memorizing  tables  of  weights  and  measures,  thus 
saving  time  in  the  school,  the  office  and  the  workshop,  and  sim- 
plifying work  for  all. 


3.  We  now  use  a  mixed  system  of  decimal  and  binary  frac- 
tions, and  the  common  practice  of  changing  binary  to  decimal 
fractions  in  computations  and  then  changing  back  again  for  the 
result  Avould  be  abandoned,  together  with  all  the  sources  of  error 
to  which  those  processes  are  liable. 


4.  The  metric  system,  being  decimal,  is  well  adapted  for  slide- 
rule  computations,  consequently  it  is  asserted  that  the  slide-rule 
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7?<7>//V.s'  to  ArguDK^nts  hi  Fa(H>r  of  the  Metric  Sf/sfrui. 

1.  The  metric  S3^stcni  liarinonizcs  with  the  woi-hTs  notation,  in 
so  far  as  that  notation  for  coni])uting  is  a  decimal  one.  But  it 
does  not  hannoni/e  with  the  universal  system  of  binary  sul)- 
division  of  measures  of  length.  The  names  also  of  the  several 
units  do  not  harmonize  with  the  Anglo-Saxon  terms  so  largely 
used. 

The  metric  system  bears  no  promise  of  becoming  universally 
international,  unless  the  English  and  the  United  States  govern- 
ments should  restrict  tlie  liberties  of  the  people  by  compulsory 
legislation  in  favor  of  this  system.  The  use  of  the  English  sys- 
tem in  manufacturing  is  not  an  obstruction  to  in  tern  at  ion  O/l 
trade,  because  anyone  engaged  in  international  trade  is  at  per- 
fect liberty  to  use  the  metric  measures  in  bis  catalogues  and  cor- 
respondence. 

2.  The  allefi^ed  ^'correlation  between  measures  of  leno-th, 
weight  and  volume"  of  the  metric  system,  applies  only  to  the 
relation  between  the  measures  of  length  and  the  weight  of  dis- 
tilled water  at  a  certain  temperature;  for  any  other  material  what- 
ever, recourse  must  be  had  to  tables  of  specific  gravity,  while  in 
the  English  system  reference  is  made  directly  to  tables  of  weiglit 
per  cubic  foot,  which  are  certainly  just  as  simple  and  easily  memo- 
rized as  specific  gravities.  The  facilitating  and  simplifying  of 
computation,  by  the  metric  system  is  true  only  in  certain  selected 
cases.  In  other  cases  the  English  system  is  just  as  simple,  or 
simpler.  As  to  the  necessity  of  memorized  tables  of  weights  and 
measures,  the  tables  of  English  weights  and  measures  in  cus- 
tomary use  by  everybody  are  simpler,  have  fe^ver  names,  and 
I'equire  less  time  in  school  than  the  metric  measures.  This  will 
be  shown  later  on  page  658. 

3.  "We  now  use  a  mixed  system  of  decimal  and  binary  frac- 
tions." This  is  entirely  a  matter  of  choice  and  convenience, 
and  anyone  can  use  either  system  he  pleases.  The  trouble  of 
computing  and  changing  back  from  one  system  of  fractions  to 
the  other  is  a  trouble  that  is  experienced  only  by  a  very  small 
fraction  of  the  population,  and  those  who  have  much  computing 
to  do  facilitate  their  work  by  the  use  of  tables  of  corresponding 
decimals  and  binary  fractions. 

4.  The  decimal  system  iii  itself  is  not  the  metric  system,  be- 
cause the  English  system  may  be  used  decimally  just  the  same 
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is  more  frequently  used  in  Germany  than  in  England,  where  the 
device  originated.  It  is  also  better  adapted  to  all  mechanical 
computing  devices  and  to  logarithms  which  are  not  applicable  to 
common  fractions. 


5.  Values  expressed  in  any  one  of  the  different  metric  units 
are  translated  into  values  expressed  in  any  other  unit  wath  great 
facility  and  usually  by  simple  inspection;  i.  e.,  without  calcula- 
tion. For  instance,  4  centimetres  equal  40  millimetres,  or  A 
decimetres,  or  .04  metre,  or  .004  decametre,  or  .0004  hectometre, 
or  .00004  kilometre;  and  all  these  relations  after  a  very  little 
familarity  with  the  system  are  instantly  known,  almost  without 
mental  effort,  though  in  practice  the  millimetre,  centimetre, 
metre  and  kilometre  only,  are  generally  used. 

Compare  the  above  with  the  work  required  to  determine  the 
value  of  ij  in.  in  fractions  of  a  foot,  yard,  rod  or  mile. 


6.  The  system  provides  units  of  length  and  of  weight  adapted 
to  any  and  every  purpose;  the  millimetre  for  ordinary  machine 
construction,  the  centimetre  and  metre  for  building  construction, 
etc.,  and  the  kilometre  for  all  other  distances  which  we  now 
usually  express  in  rods  or  miles. 


I 
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as  tlic  inotric  S3'steni;  in  fact,  surv^eyors  use  the  foot  and  its 
decimal  sub-division  of  .()(>!  of  a  foot  re^L^ularly  in  their  compu- 
tations, and  the  draftsman  and  machinist  is  at  perfect  liberty  to 
use  .01  and  J)Ol  of  an  inch  instead  of  the  binary  sub-division, 
whenever  it  will  facilitate  his  work.  The  fact  that  the  binary 
system  is  commonly  used  in  preference  to  tlic  decimal  system  is 
evidence  that  it  has  some  advanta^-es. 

As  for  slide-rule  and  lo<^arithmic  computations,  a  short  table 
of  decimal  equivalents  of  binary  fractions  may  be  j^rinted  on  the 
back  of  the  slide-rule,  eliminating  the  chances  of  error  in  comput- 
ing these  equivalents. 

5.  The  measures  of  length  mentioned  here  are  millimetres, 
centimetres,  decimetres,  metres,  decametre,  hectometre  and  kilo- 
metre. The  great  facility  of  changing  from  one  of  these  to  the 
other  is  not  to  bo  compared  with  the  much  greater  convenience 
of  using  fewer  units — viz.,  the  inch,  foot  and  mile,  the  only 
three  important  units  universally  used  in  the  English  system, 
and  the  avoidance  of  errors  due  to  the  misplacement  of  the 
decimal  points. 

The  particular  example  given,  to  express  ^|  in.  in  fractions  of 
a  foot,  rod  or  mile,  is  one  which  might  be  given  to  a  child  as  an 
exercise  in  arithmetical  computation,  but  it  is  one  which  is  prac- 
tically never  to  be  met  with  in  a  lifetime  of  experience  by  a 
mechanic,  machine  designer  or  engineer.  A  machinist  could 
easily  measure  1  ft.  O^J  in.,  but  what  probability  is  there  that 
he  would  ever  have  to  record  the  dimension  as  l^y^  ft.  or  1.04427 
ft.  ?  For  comparison  let  u«  give  a  practical  example  in  the 
metric  system.  What  is  the  side  of  a  square  whose  area  is  10 
hectares.     Answer,  310. 628  metres. 

6.  The  English  system  provides  units  of  length  and  weight 
admirably  adapted  to  every  and  any  purpose  in  measuring:  the 
inch,  with  its  binary  or  decimal  sub-division  as  may  be  preferred, 
for  machine  construction;  the  foot,  for  all  dimensions  in  building 
construction,  up  to  any  number  of  thousand  feet  (this  foot  takes 
the  place  of  the  usual  French  measures  mentioned,  the  metre, 
the  centimetre  and  decimetre),  and  the  mile  for  all  great  dis- 
tances. For  measures  of  length,  therefore,  the  three  units,  inch, 
foot,  and  mile,  cover  all  requirements  better  than  the  five  units, 
millimetre,  centimetre,  decimetre,  metre  and  kilometre.  The 
yard  is  used  as  a  measure  of  length  onlv  for  measuring  cloth, 
just  as  the  aune  is  used  in  France.     The  other  English  measures 
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7.  The  metric  system  is  now  the  standard  with  chemists, 
physicists  and  scientists  all  over  the  world,  and  it  is  generally 
conceded  that  for  the  work  of  the  scientist  the  system  is  far 
superior  to  any  other  in  use.  The  scientist  uses  it  for  weighing, 
measuring  and  calculating,  Avhich  is  precisely  what  machine  con- 
structors use  it  for,  and  there  is  no  valid  evidence  to  show  that 
a  system  of  weights  and  measures  which  scientists  find  most  con- 
venient would  not  be  equally  so  for  all  other  users  of  it. 


8.  For  civil  engineers  or  land  surveyors,  who  now  preferably 
use  decimal  sub-divisions,  the  metre  forms  an  excellent  base,  re- 
placing rods,  chains,  etc.,  and  a  convenient  series  of  reduction 
scales  can  be  derived  from  it,  whereby  dimensions  on  drawings 
can  be  readily  interpreted  by  the  standard  scale.  As  the  weight 
per  unit  of  volume  is  derived  directly  from  the  specific  gravity, 
the  system  facilitates  the  computations  of  masses  of  materials. 


9.  For  all  ordinary  mechanical  drawings  the  millimetre  is  well 
adapted,  rarely  requiring  the  use  of  decimal  or  fractional  fig- 
ures, and  as  no  symbols  for  unit  measure  are  needed,  the  chance 
for  misinterpretation  or  error  is  less  than  with  our  system, 
where  feet  may  be  confused  with  inches  and  vice  versa.     Like- 
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of  longtli,  Avhic'li  an^  fiviinently  cited  Uy  inotrio  lulvocjitos,  are 
cither  obsolete,  obsolescent,  or  used  l)y  a  very  limited  iiiniiber  of 
|)eople  for  special  purposes. 

7.  "  The  metric  system  is  now  the  standard  with  chemists  and 
scientists  all  over  the  Avorld,"  because  the  chemists  have  found 
it  convenient  for  their  ])urposes.  This  is  no  reason  why  machin- 
ists should  adopt  it  when  it  is  inconvenient  for  their  pui'poses. 
As  for  scientists  using  the  metric  system,  this  can  only  be  true 
by  giving  a  very  limited  definition  to  the  word  ^'scientist." 
The  iinest  scientific  work  in  refined  measurements  that  has  ever 
been  done  has  been  done  in  the  machine  shops  of  England  and 
the  United  States,  and  has  been  done  mostly  in  the  English  sys- 
tem. The  statement  that  '^  there  is  no  evidence  to  show  that  a 
system  of  weights  and  measures  which  scientists  find  most  con- 
venient would  not  be  e(pially  so  for  all  other  users  of  it,"  is 
o])i)osed  to  the  opinion  of  the  largest  users  of  measuring  instru- 
ments in  the  country. 

8.  For  civil  engineers  or  land  surveyors,  who  preferably  use 
decimal  sub-divisions,  the  foot  now  forms  a  perfectly  satisfactory 
basis,  replacing  rods,  chains,  etc.,  and  a  convenient  series  of  re- 
duction scales  (sucli  as  ^  inch  to  the  foot)  can  be  deriv^ed  from  it 
whereby  dimensions  on  drawings  may  be  readily  interpreted, 
thus  obviating  the  necessity  of  translating  existing  records  of 
land  surveys  into  units  which  are  entirely  incommensurable  with 
our  present  units.  This  fact  is  most  forcibly  shown  in  the  pro- 
visions of  the  bill  before  Congress,  which  specially  exem])ts  the 
public  land  surveys  from  its  operation.  As  to  the  weight  per 
unit  of  volume  being  deri\^d  directly  from  the  specific  gravity, 
this  necessitates  references  to  tables  of  specific  gravities  of  sub- 
stances, which  is  no  more  easy  than  references  to  tables  of 
weights  per  cubic  foot  and  per  cubic  inch,  as  is  customary.  In 
fact,  weights  per  cubic  foot  are  usually  more  easily  carried  in  the 
mind  than  specific  gravities— for  instance,  cast  iron,  weight  450 
lbs.,  sp.  gr.  7.218;  wrought  iron  450  lbs.,  sp.  gr.  7.7;  brick  100 
to  125  lbs.,  sp.  gr.  1.6  to  2;  gravel  100  to  120  lbs.,  sp.  gr.  1.6  to 
1.92;  sand  90  to  110  lbs.,  sp.  gr.  1.44  to  1.76. 

9.  For  all  ordinary  mechanical  drawings  the  inch  is  better 
adapted  than  the  millimetre;  the  inch  can  be  used  up  to  more 
than  100  inches  and  down  to  any  fraction,  binary  or  decimal, 
that  may  be  desired,  and  no  symbols  for  unit  measure  are  needed 
if  the  drawing  states  that  all  measures  are  in  inches.     The  use 
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wise  less  figures  are  usually  required  than  with  our  system,  espe- 
cially \vhere  many  fractional  terms  are  employed.  The  misplac- 
ing of  a  decimal  ])oint  one  place  makes  the  result  either  ten  times 
too  large  or  too  small,  and  such  an  error  is  usually  instantly 
detected.  If  errors  should  arise  from  this  source,  adherence  to 
a  few  simple  rules  will  avoid  them.  In  Europe  the  millimetre  is 
usually  the  only  unit  employed  in  mechanical  drawings  and  in 
machine  shops. 


10.  That  the  system  is  superior  to  ours  for  fine  tool-work  is 
demonstrated  by  the  fact  of  its  adoption  by  so  many  manufac- 
turers of  this  class  here,  especially  such  as  produce  optical  instru- 
ments, watches,  etc. 


11.  A  convenient  and  expressive  series  of  wire  gauge  numbers 
can  be  derived  from  the  system,  expressed  in  tenths  of  milli- 
metres, using  only  two  figures  and  the  gauge  numbers  exj)ress- 


ing  the  actual  dimensions. 


12.  Its  use  would  avoid  the  mixture  of  decimal  and  binary 
fractions  now  in  common  use  in  machine  shops,  and  which  re- 
quire frequent  conversion  to  decimal  equivalents  or  reference  to 
printed  tables.  For  instance,  it  would  entirely  avoid  such  prob- 
lems as  the  following :  A  hole  is  1  ^^j  inches  diameter,  a  piece  is  to 
be  turned  to  fit  it  with  .003  inch  clearance;  what  is  the  diameter 
of  the  latter  piece  ?  By  reference  to  a  table  we  find  1^\  inches  = 
1.093T5 inches,  and  subtracting.003inch  we  have  1.09075  inches. 
A  parallel  example  in  the  metric  system  would  be:  Hole  29  milli- 
metres diameter;  diameter  of  pin  to  fit  with  .06  millimetres 
clearance  equals  28.94  millimetres,  and  the  size  is  thus  obtained 
immediately,  without  a  table  and  by  mental  calculation.     In 
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on  a  (Irawiiii^^  of  botli  foet  and  iiiclios  is  ontiroly  a  inattor  of 
choice  witii  the  dniftsmaii  or  his  eini)h)yer.  Tlie  statement  that 
^*  less  ti^nires  are  reijuired  on  an  avera«^e  tlian  with  our  system  " 
lias  freijuently  been  denied  by  the  heads  of  the  hir<rest  sliops  in 
the  conn  try  where  both  systems  liave  been  used.  See  paper  by  I  )i'. 
Coleman  Sellers  (vol.  i.,  Transactions^  A.  S.  M.  E.,  ]).  lii);  he  says: 

''j\[y  experience  covers  many  examples  of  engineers  and 
draftsmen  educated  in  metric-using  countries,  who,  when  thev 
come  to  us,  learn  to  use  our  measures  as  quickly  as  we  can  learn 
to  use  theirs,  but  ado])t  our  methods  of  calculation  as  involving 
fewer  figures." 

The  use  of  the  millimetre  as  the  unit  tends,  on  account  of  its 
small  size,  to  increase  the  number  of  the  figures  required  in  a 
drawing. 

10.  The  production  of  optical  instruments  and  watches  is  an 
exceedingly  small  branch  of  manufacture,  as  compared  with  that 
of  machine  tools,  and  it  may  be  convenient  to  use  the  centimetre 
or  millimetre  in  such  work,  while  the  manufacturers  of  other 
tools  would  find  it  preferable  to  use  the  inch.  Also,  if  the  opti- 
cal instrument  makers  and  watch  makers  liav^e  voluntarily 
adopted  the  metric  system,  it  is  no  reason  why  other  manufac- 
turers should  be  forced  to  adopt  it  against  their  will. 

11.  The  use  of  wire  gauge  numbers  is  now"  generally  con- 
demned and  is  gradually  being  abolished,  thousandths  of  an  inch 
being  substituted.  For  electrical  wiring  calculations  the  new^ 
unit,  the  circular  mil,  has  been  found  to  be  a  great  convenience. 
The  introduction  of  a  new"  system  of  wire  gauge  numbers,  the 
dimensions  being  in  tenths  of  a  millimetre,  w^ould  be  a  deplor- 
able addition  to  the  existinty  confusion  of  wire  o^auofes. 

12.  The  English  system  avoids  the  use  of  decimal  and  binary 
fractions  w^henever  the  designer  or  user  of  the  unit  chooses  to 
use  either  one  fraction  or  the  other  in  his  work.  For  instance, 
a  superintendent  of  a  machine  shop  wishing  to  order  a  pin  to  fit 
a  hole  which  is  1^^  diameter  Avith  .003  of  an  inch  clearance, 
w"ould,  by  reference  to  a  table  on  his  desk,  or  to  the  table  stamped 
on  his  micrometer  caliper,  obtain  the  diameter  of  the  hole  in 
decimals,  viz.,  1.091,  and  the  dimension  1.091  =  l.OOi  —  .003 
would  be  given  to  the  workman,  or  a  gauge  w^ould  be  furnished 
him  to  work  with.  In  other  w^ords,  absolute  dimensions  for  fine 
fits  can  be  expressed  in  one  unit  just  as  well  as  in  the  other. 
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other  words,  absolute  diiriensioiis  for  line  fits  can  be  expressed 
clearl}^  and  with  greater  precision  than  is  the  case  with  our  sys- 
tem, and  much  figuring  in  shop  and  drafting  room  thereby  saved. 

13.  Metric  micrometers  are  graduated  to  read  to  .01  milli- 
metre, and  all  such  problems  as  the  foregoing  would  be  readily 
solved  by  draftsmen  and  workmen  usually  without  the  use  of  the 
pencil,  and  ahvays  without  reference  to  a  printed  table.  Fur- 
tliermore,  .01  millimetre  is  a  better  unit  than  .001  inch  for 
micrometer  calipers,  because  the  former  is  somewhat  less  than 
one-half  the  magnitude  of  the  latter  and  .001  inch  is  too  large 
a  unit  for  the  better  class  of  work  done  in  machine  shops,  as 
is  evidenced  by  the  frequent  necessity  for  dividing  the  .001  inch 
and  reading  measurements  by  estimation  between  graduations 
on  the  micrometer. 

14:.  The  system  is  so  simple  that  the  average  workman  has  no 
difficulty  in  learning  to  apply  it  in  a  very  short  time  (see  pages 
522  to  528  of  accompanying  discussion.)  The  metric  hand-rule 
with  the  millimetre  sub-division  presents  the  most  convenient 
minimum  sub-division  that  can  be  devised.  The  j\  inch  on  our 
hand-rule  is  too  large,  whereas  the  half  of  this,  or  ^^  inch,  is 
found  too  small  to  be  clear  and  legible  for  ordinary  hand-rules. 
The  system  avoids  the  use  of  our  common  fractions,  which  are 
cumbrous  and  inconvenient. 

15.  In  applying  the  standard  scale  for  measurements  the  user 
is  not  hampered  by  preserving  the  distinctions  between  inches, 
feet,  etc. ,  or  referring  to  the  corresponding  symbols.  The  meas- 
urement is  simply  read  off  and  the  terms  referred  to  in  any  sub- 
division of  the  metre  that  is  convenient  and  desirable,  just  as  we 
do  in  reading  our  Arabic  numerals,  and  the  signijB.cance  of  these 
is  readily  grasped  by  those  of -the  most  ordinary  intelligence. 

16.  The  use  of  the  metric  system  would  not  require  the  altera- 
tion of  established  standards,  such  as  bolt  or  pipe  threads,  taper 
shanks  of  drills,  etc.  In  fact,  in  inany  standard  articles  dimen- 
sions are  only  nominal  and  not  real,  [n  all  such  cases  integral 
metric  figures  could  readily  be  applied  to  these,  which  would  be 
at  least  as  near  as  the  existing  nominal  dimensions  are  to  the 
actual,  but  no  change  of  actual  dimensions  would  be  required, 
and  for  ordinary  use  such  standard  articles  would  probably  retain 
their  present  names  or  designations.     No  law  could  prevent  this. 
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13.  If  the  micrometer  reading  to  .01  millimetre  is  better  tlian 
one  reading  to  .MOl  inch,  so  also  is  one  reading  to  .Oool  of  an 
inrh  hotter  than  the  one  reading  to  .01  millimetre,  and  such 
micrometers  are  in  daily  use  in  tool-rooms  on  work  re(iuiring 
this  degree  of  refinement. 


1-1.  The  average  workman  in  using  the  metric  system  has  a 
more  inconvenient  rule  to  handle  than  the  English  t\vo-foot  rule, 
the  former  requiring  sub-division  b}  tenths,  if  the  metre  is  used, 
while  the  latter  is  usually  divided  into  four  parts.  The  ordinary 
two-foot  rule  often  contains  on  one  side  tenths  of  an  inch,  and 
on  the  other  side  sixteenths.  If  twenty-fifths  of  an  inch  were 
wanted,  they  would  be  put  on  it,  but  the  average  workman  finds 
no  difficulty  in  splitting  the  sixteenths  by  his  eye,  and  reading 
by  thirty-seconds.  On  steel  scales  sixty-fourths  of  an  inch  are 
quite  legible. 

15.  In  applying  the  standard  two -foot  rule,  the  user  deals 
only  with  inches,  unless  he  chooses  to  use  feet.  The  choice  of 
the  two  units  is  a  great  convenience,  and  he  should  not  be  de- 
prived of  it,  since  it  presents  a  simple  picture  to  the  mind  for 
mental  conception  of  the  required  or  existing  dimensions. 


10.  The  statement  that  *^the  use  of  the  metric  system  would 
not  require  any  alteration  of  established  standards  "  can  only  be 
true  by  orivins:  a  verv  limited  definition  to  the  word  ^'  use."  If 
the  United  States  is  to  adopt  the  metric  system  it  will  have  to 
adopt  metric  standards;  that  is,  we  would  have  a  standard  size 
of  mandrel,  whose  dimension  is  25  millimetres,  for  the  manufac- 
ture of  new  machines,  and  we  would  also  have  a  standard  one 
inch  mandrel,  which  we  might  call  25.1:  millimetres,  for  repair 
work  on  old  machines.  But  if  the  word  '"use"  means  simply 
that  we  are  to  continue  to  work  with  existing  standards,  and 
41 
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17.  The  expense  and  confusion  incident  to  making  the  change 
are  usually  much  overrated,  as  it  is  now  known  by  actual  experi- 
ence that  the  two  systems  can  be  used  concurrently  with  little  con- 
fusion in  the  same  establishment  (see  pages  522,  523,  525  and  528 
of  accompanying  discussion).  Any  changes  of  dimensions  that 
might  be  desired  for  expression  in  integral  metric  units  could  be 
effected  from  time  to  time  as  the  opportunity  offered.  All  shops 
are  constantly  wearing  out  or  renewing  tools,  gauges,  etc.,  and 
at  the  proper  time  these  can  be  replaced  to  conform  in  absolute 
dimensions  to  the  metric  units.  The  weight  of  evidence  on 
record  indicates  that  the  change  is  actually  made  with  less 
trouble  and  expense  than  is  anticipated  by  those  who  oppose  the 
system. 
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mvvc\y  cull  them  the  metric  names,  we  submiL  that  this  is  not 
either  the  a(h)|)tion  or  the  use  of  the  iiu^trie  system,  and  it  simply 
introduees  unneecesary  eomplieation  aiul  confusion  to  attempt  to 
express  an  existing  stanihird  dimension,  which  is  exact  in  the 
English  system,  in  terms  of  the  metric  system,  with  which  the 
English  S3"stem  is  incommensurable. 

"  In  all  such  cases  integral  metric  figures  could  readily  be  ap- 
])lied  to  these  (standard  articles),  which  would  be  at  least  as  near 
as  the  existing  nominal  dimensions  are  to  the  actual,  but  no 
(^hange  of  actual  dimensions  would  be  required." 

In  the  case  of  a  one-inch  mandrel,  would  it  be  right  to  call 
it  a  25-millimetre  mandrel,  when  its  true  dimension  is  25.4,  and 
when  there  is  also  another  25 -millimetre  mandrel  made  to  the 
French  standard  kept  in  the  same  tool-room  ?  So  also  would 
the  two-inch  mandrel  be  called  a  50-millimetre  mandrel,  or  a 
51-millimetre  mandrel,  which  is  the  nearest  integral  figure?  In 
regard  to  bolt  or  pipe  threads,  taper  shanks  of  drills,  etc.,  which 
are  referred  to,  these  are  standardized  to  the  .001  of  an  inch. 
In  such  cases  integral  millimetre  figures  could  not  properly  be 
applied  to  them. 

17.  "  The  expense  and  confusion  incident  to  making  the  change 
are  usually  much  overrated."  This  statement  can  only  be  met 
by  a  positive  denial.  It  is  the  overwhelming  testimony  of  the 
largest  manufacturers  in  the  country,  that  the  expense  and 
confusion  of  making  a  change  cannot  be  stated  sufficiently 
strong. 

Mr.  Ilalsey  says:  "  The  man  who  can  estimate  or  indicate  in 
words  the  value  of  mechanical  standards  to  this  country  and  the 
loss  due  to  their  destruction,  does  not  live.  .  .  .  The  cost  of 
attempting  to  change  air-brake  hose  couplings  is  not  represented 
by  the  value  of  the  tools  for  making  the  couplings  in  the  West- 
inghouse  works,  but  by  the  infinite  confusion  of  the  railroads  in 
getting  from  one  standard  to  another.  The  value  of  the  tools 
in  this  case  is  not  many  dollars,  but  the  cost  of  the  change  can- 
not be  found  upon  any  inventory,  nor  can  it  be  measured  by  any 
scale. ' ' 

"  Similarly  again,  the  cost  of  changing  our  pipe- thread  stand- 
ard is  not  represented  by  the  cost  of  new  taps  and  dies,  but  by 
the  confusion  involved  in  getting  from  one  standard  to  another — 
a  confusion  which  will  last  until  existing  steam,  water,  and  gas- 
pipes  have  disappeared,  and  which  will  not  be  lessened  by  put- 
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18.  To  the  public  at  large  the  system  offers  the  advantages  of 
definite  and  convenient  units  of  weight  and  volume.  The  con- 
version from  one  unit  to  another  of  the  same  class  being  effected 
by  a  simple  mental  process,  without  calculation  or  reference  to 
tables,  or  any  severe  tax  on  the  memory.  Its  adoption  would 
abolish  the  conflicting  units  of  weight  and  volume  now  so  preva- 
lent, and  would  bring  all  our  standards  of  weights  and  measures 
to  a  simple  expressive  basis.  Its  adoption  would  tend  to  abolish 
the  pernicious  practice  of  selling  products  by  the  ^'basket"  or 
'^box,"  or  other  measures  of  unknown  capacity,  a  practice 
which  encourages  fraud.  This  result  seems  to  follow  where  the 
system  has  been  adopted. 


19.  The  testimony  of  those  who  have  used  both  the  metric 
and  the  English  system  of  measurements  in  m.achine  construction 
and  in  other  industries  is  largely  in  favor  of  the  metric  system, 
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ting  ofT  tlie  change  until  it  is  brouglit  Jiboiit  ^  at  tlio  suggestion 
and  convenience  of  manufacturers.'  "     (Ilalsey,  ]).  443.) 

^'  Any  cliaiiges  of  dimensions  that  might  he  desired  for  ex])res- 
sion  in  integral  metric  units  could  be  eirected  from  time  to  time 
as  the  opportunity  oirered." 

For  instance,  when  would  the  opportunity  be  afforded  to 
cliange  tlie  shape  and  size  of  a  milling  cutter  a(la[)ted  to  cut 
teeth  of  six  ])itch  (that  is,  six  teeth  per  inch  of  diameter)  of  a 
gear  wheel  to  adapt  it  to  any  integral  metric  unit?  Of  the  hun- 
dreds of  thousands  of  matched  gear  wheels  of  standard  diametral 
pitches  which  are  now  in  use,  how  is  it  possi])le  to  reproduce  these 
in  any  integral  metric  unit,  or  effect  this  transformation  without 
tremendous  confusion  ?  When  will  the  proper  time  come  to 
abandon  every  one  of  these  gears  and  replace  them  with  others 
which  "conform  in  absolute  dimensions  to  the  metric  units? 
The  same  applies  to  all  screw-thread  standards,  pii)es,  bolts, 
turned  shaftings,  etc.,  and  all  standard  shop  sizes. 

18.  The  alleged  ease  of  conversion  from  one  unit  to  another 
(of  weight  and  volume)  exists  only  in  reference  to  distilled  water. 
For  all  other  substances  tables  must  be  referred  to  to  show  either 
the  specific  gravity  in  the  metric  S3^stem,  or  weight  per  cubic 
foot  or  per  cubic  inch  in  the  English  system.  To  the  public  at 
large  the  English  system  offers  the  advantage  of  definite  and 
convenient  units  of  weight  and  volume.  The  cubic  inch,  cubic 
foot  and  cubic  yard,  are  all  that  are  needed  to  express  volumes, 
and  the  pound  is  all  that  is  needed  to  express  weight.  But  the 
weight  of  any  given  volume  of  any  large  number  of  materials, 
except  distilled  water,  cannot  be  memorized  by  any  ordinary 
man,  and  he  must  refer  to  tables  of  weights  or  specific  gravities 
to  obtain  the  weight.  '^  The  adoption  would  tend  to  abolish 
the  pernicious  practice  of  selling  products  by  the  basket  or  box." 
This  pernicious  practice  can  be  abolished  at  any  time  without 
adopting  the  metric  system,  by  the  simple  expedient  of  selling 
all  boxed  or  basketed  goods  by  the  pound,  or  else  by  enacting- 
laws  to  prevent  the  use  of  fraudulent  measures,  or  boxes  or 
baskets  which  do  not  represent  known  measures  of  volume. 
Thus,  let  the  law  provide  that  a  quart  box  of  strawberries  shall 
actually  contain  a  quart,  or  a  definite  amount  by  weight. 

19.  The  testimony  of  those  who  have  used  both  systems  is  by 
no  means  entirelv  in  favor  of  the  metric  svstem.  There  are 
man}^  witnesses  on  the  other  side. 
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as  shown  at  pages  522  to  528  and  579  of  the  accompanying  dis- 
cussion.''^' 


% 
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*  Since  the  discussion  of  ]\Ir,  Halsey's  paper  was  closed,  Mr.  Miller,  continuing 
his  efforts  to  gather  the  testimony  of  those  who  in  machine  construction  or  me- 
chanical engineering  work  have  used  both  the  English  and  the  metric  systems  of 
measurement,  has  received  letters  expressing  strong  preference  for  the  metric 
sj'stem  from  the  following : 

Chas.  J.  Koeler,  of  New  York,  born  and  educated  in  Germany,  and  with  subse- 
quent shop  and  other  experience  here  and  in  Germany. 

John  Brashear,  member  of  this  Society.     Maker  of  astronomical  instruments. 

E.  A.  Marsh,  general  superintendent  of  the  American  Waltham  Watch  Co. 

Arthur  Falkenau,  member  of  this  Society. 

L.  D.  Burwell,  of  Cleveland. 

Joseph  B.  Edwards,  of  Chicago. 

August  Hoffmann,  of  Chemnitz,  Germany. 

J.  L.  Barnes,  of  New  York. 

These  men  have  been  placed  in  positions  enabling  to  draw  comparisons  based 
upon  actual  experience,  and  although  an  effort  has  been  made  to  get  the  testi- 
mon}^  of  men  having  similar  experience  and  who  oppose  the  metric  system,  no 
such  testimony  has  been  presented. 
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i\rr.  Coleman  Sellers,  in  ISSO,  after  nearl}^  20  years  of  constant 
use  of  the  metric  system,  says,  "  it  is  not  so  well  adapted  to  tlio 
wants  of  machinists  as  the  one  now  in  use.  ...  Its  enforced 
introduction  will  do  hai'in  instead  of  <^ood  ''  {Tnnif^icfions^  A.  8. 
M.  E.,  vol  i.). 

The  lirm  of  Wm.  Sellers  6c  Co.  about  18^)0  adopted  the  metric 
system  in  the  manufacture  of  the  Gilfard  injector,  e([ui[)})ing  a 
complete  department  of  theii*  works  for  that  purpose.  ^lore 
than  40  years  later,  on  February,  1903,  Mr.  William  Sellers 
writes  to  one  of  the  members  of  this  committee: 

*'Mr.  ,  as  I  happen  to  know,  has  never  given  the  sub- 
ject any  broad  investigation.  Those  who  have,  such  as  the 
mechanics  of  the  country,  are  almost  universally  opposed  to  the 
use  of  the  metric  system.  ...  I  think  it  would  be  deplorable 
if  this  Society  should  lend  itself  to  the  further  introduction  of 
this  system  in  this  country." 

Mr.  John  II.  Ball,  of  Barcelona,  Spain,  writes  (Mr.  Halsey's 
paper,  page  419): 

^' In  regard  to  the  change  from  English  to  metric  measures, 
proposed  in  the  United  States  and  being  agitated  in  England,  it 
surely  would  be  a  great  pity  to  throw  deliberately  away  the 
uniformity  at  present  reigning  in  these  countries.  After  four 
and  a  half  years  in  a  professedly  metric  country  the  English  sys- 
tem is  still  to  me  the  easier,  owang  to  the  greater  number  of 
years  of  practice  I  have  had  with  it.  After  some  forty  or  more 
years  of  the  metric  system  in  this  country  the  mixture  is,  after 
all  these  years,  an  abominable  mixture  still,  and  bids  fair  to  con- 
tinue so  for  many  years  to  come." 

Mr.  Henry  Hess,  in  a  letter  in  the  American  Machhiist,  Octo- 
ber 16,  1902,  says: 

''  Some  years  since  I  was  asked  to  sign  a  petition  to  Congress 
asking  that  the  metric  system  of  measurements  be  oflBcially 
adopted  as  the  legal  American  standard ;  in  common  with  many 
others  I  complied,  under  the  impression  that  the  ease  of  reckon- 
ing Avith  decimals  and  the  convenience  of  a  logically  harmonious 
system  would  be  sufficient  to  compensate  for  all  troubles,  fancied 
or  real,  incidental  to  the  change.  Since  then  actual  experience 
Avitli  the  metric  system  has  led  to  a  revision  of  views.  ...  The 
decimal  system  is  only  in  part  more  convenient  than  a  binary 
system,  but  not  ^vholly  so,  or  even  more  so.  It  is  in  fact  more 
uncertain  in  arithmetical  operations  than  the  decidedly  faulty 
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pjiglish  system.  This  statement,  directly  opposed  to  my  ])!•('- 
conceived  notions  of  a  few  years  ago,  is  advanced  as  a  result  oi 
direct  experience  with  the  metric  system,  extending  now  over 
three  years.  Having  been  gra(hially  led  to  this  conclusion,  I  de- 
termined to  put  it  to  a  practical  test.  A  certain  problem — not 
made  up  specially  for  the  occasion,  but  cro])ping  uj)  in  regular 
])nictice — was  submitted  to  seven  draftsmen  and  designers,  some 
of  them  of  more  than  average  attainments  and  all  of  them  thor- 
oughly familiar  with  the  metric  system  through  having  used  it 
almost  exclusively  in  their  practice  and  schooling.  The  correct 
result  was  arrived  at  by  only  three  of  the  seven  men. 

"  The  problem  was  at  first  given  to  but  one  man,  and  only  the 
obviously  wrong  result  led  to  its  being  handed  over  to  others. 
The  dilliculty  lay  in  the  correct  location  of  the  decimal  point; 
with  one  exception  all  had  the  correct  numerals,  but  the  men 
were  apparently  lost  in  the  maze  of  decimal  figures.  The  loca- 
tion of  the  decimal  point  varied  by  as  much  as  six  places. 

''The  same  problem  with  equiv^alent  values  in  English  units 
was  then  handed  out.  The  correct  result  was  arrived  at  by  six 
out  of  seven  men  in  an  average  of  two-thirds  the  time  taken  for 
its  solution  in  the  metric  system,  showing  that  the  percentage  of 
error  was  very  much  less  and  the  time  considerably  less  with  the 
binary  system,  notwithstanding  the  relative  unfamiliarity  of  the 
men  with  the  units  of  the  binary  system. 

''From  the  draftsman's  point  of  view,  the  binary  system  is 
also  decidedly  more  convenient.  In  mechanical  enfrineerino- 
practically  the  world  over  the  most  generally  used  scale  is  smaller 
than  one-half.  "With  the  metric  system  the  next  one  available 
to  one-half  is  one-fifth ;  this  is  small  and  not  convenient  as  com- 
pared with  one-fourth;  going  further,  the  inconvenience  becomes 
greater  with  one-tenth  than  with  one-eighth,  etc.  Actual  use 
will  convince  anyone  of  the  truth  of  this,  as  it  has  me,  who 
confesses  to  having  been  ver}^  skeptical  as  to  there  being  a  prac- 
tically noticeable  difference  in  convenience  of  quarter  against 
fifth  and  eighth  as  against  tenth  scales." 

Mr.  Ilalsey,  in  his  paper,  page  411,  quotes  from  a  letter  he 
received  from  an  xVmerican  engineer  who  has  lived  in  Paris  since 
1SS9: 

"  The  decimal  division  and  multiplication  of  the  metric  system 
do  not  appear  to  suit  various  industries  for  widely  different 
reasons. ' ' 
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20.  The  standard  terms  for  metric  measures  can  be  readily- 
abbreviated  into  terse  words  or  monosyllables,  adapted  for  popu- 
lar use,  but  retaining  the  significance  of  the  original.  The  adop- 
tion of  the  metric  s\^stem  Avould  not  involve  much  recalculation 
for  standard  technical  tables,  etc.,  as  the  French  and  German 
technical  literature  of  this  kind  is  quite  complete,  and  it  would 
be  merely  necessary  to  reprint  their  tables. 
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Mr.  IT.  L.  Dos  Anges  (^[r.  Ilalsey's  paper,  page  535),  says: 

"  ^[y  exporionco  with  the  metric  system  dates  Irom  early 
eliil(llKK)(l  and  lirst  scliool  trainin<^',  wlien  T  liad  a  thorou^li 
knowledge  of  it.  A  change  from  the  i)resent  system  of  measure- 
ment in  my  mind  would  woi'k  great  hardship)  on  the  common 
run  of  engineers." 

See  also  the  o])inions  of  several  others  who  have  used  and  are 
thoroughly  familiar  with  the  metric  system,  quoted  in  ^Ir. 
Ilalsey's  paper — viz.,  J.  II.  Linnard,  page  44:9;  A.  M.  Mattice, 
page  515;  Leon  Yon  Muralt,  page  515;  W.  E.  Reed,  page  516; 
Otto  C.  Eeyman,  page  516;  J.  E.  Shore,  page  536. 

In  a  discussion  before  the  Institution  of  Electrical  Engineers 
{Enghicerlmj^  London,  Februar}^  13,  1903),  Mr.  Thomas  Parker 
said  "he  had  given  thirty  years  of  study  to  the  metric  system, 
and  for  four  years  had  used  it  practically,  and  had  found  the 
units  unsatisfactory  and  imperfect."  Mr.  Leslie  Robertson  said 
that  "it  had  been  his  privilege  to  work  in  countries  using  the 
metric  system.  ..."  He  thought  that  "the  Institution  ought 
to  proceed  with  very  great  caution  before  it  ex])ressed  an  official 
opinion  in  favor  of  the  metric  system."  Sir  John  Wolfe  Barry 
said  he  was  "bold  enough  to  admit  that  he  was  averse  to  the 
metre  as  a  unit,  and  to  decimals  for  calculations.  ..."  He 
had  found  the  metre  "  too  large  for  purposes  of  calculation  and 
not  so  convenient  as  a  foot." 

20.  "The  standard  terms  for  metric  measures  can  be  readily 
abbreviated  into  short  monosyllables,  adapted  for  popular  use, 
but  retaining  the  significance  of  the  original."  But  the  French 
people  in  a  hundred  years  have  not  adopted  such  short  terms! 
Can  any  terms  be  better  than  our  foot  or  mile  ? 

"  The  adoption  of  the  metric  system  would  not  involve  much 
recalculation  for  technical  tables,  etc.,  as  the  French  and  German 
technical  literature  of  this  kind  is  quite  complete,  and  it  Avould 
be  merely  necessary  to  reprint  their  tables."  Will  the  writer 
of  this  sentence  kindly  exemplify  it  by  producing  a  table  which 
corresponds  to  the  table  of  lap-welded  pipe  Avhich  is  issued  by 
all  the  pipe  manufacturers  of  this  country  ?  Or,  will  he  furnish 
a  table  showing  the  flow  of  water  or  steam  in  pipes  of  the  exist- 
ing American  standard  dimensions?  Other  examples  might  be 
suggested.  Or,  will  he  furnish  a  few  sample  tables  which  show 
in  any  way  that  his  opinion  on  this  subject  is  correct  ?  The  sub- 
stitution of  the  tables  in  French  and  German  technical  books  for 
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21.  "With  the  metric  system  the  necessity  of  binary  division 
largely  disappears.  Halving  and  quartering  might  be  used  as 
popular  expressions,  but  the  decimal  fractions  only  would  be 
used  in  technical  literature.  Binary  divisions  may,  however, 
be  used,  as  they  sometimes  are  with  our  coinage. 


22.  It  is  generally  acknowledged  that  if  our  existing  sj^stems 
of  weights  and  measures  should  be  retained  indefinitely  they 
should  be  entirely  revised  and  codified  to  remove  the  existing 
inconsistencies  and  conflictions.  The  disturbance  necessary  to 
accomplish  this  result  would  go  far  toward  giving  us  a  coherent 
and  logical  system  that  would  be  in  accord  with  that  of  the  rest 
of  the  Avorld.  It  is  almost  certain  that  the  sj^stem  is  annually 
chaining  strength,  both  here  and  in  Great  Britain  and  the  British 
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those  in  Englisli  books  will  only  bo  ]K)ssible  when  all  ouv  siand- 
ard  sizes  are  the  same  as  the  French  and  (lernian  standard  sizes 
— that  is,  when  we  no  longer  have  pipes,  b(jlts,  etc.,  of  even 
inches  and  binary  fractions  of  an  inch,  but  have  pipes  which  in- 
crease in  size  (nominal  diameters)  by  two  to  ten  millimetres  per 
size.  [See  The  Metric  System — a  big  job  for  a  literary  engineer 
— Api)endix  IX.,  p.  G91.] 

21.  The  binary  division  could  be  dispensed  with  also  in  the 
English  system,  if  it  were  thought  advisable,  which  it  is  not.  A 
dimension  of  IjV  ii^cli  gives  a  clearer  mental  conce})tion  than  its 
equivalents,  1. 0(525  inches  and  41.3  millimetres.  It  is  inadvis- 
able also  to  have  the  expressions  in  technical  literature  different 
from  those  in  common  use,  as  much  of  our  modern  technical  lit- 
erature is  written  for  the  ordinary  workman. 

Mr.  William  Sellers,  in  a  paper  published  by  him  in  1902, 
says,  in  reference  to  one  of  the  advantages  of  the  binary  as  com- 
pared with  the  decimal  system: 

"  It  is  desirable  that  all  drawings  should  be  as  large  as  thev 
can  conveniently  be  made  or  read.  .  .  .  Therefore  a  scale  or 
proportion  of  the  full  size  must  be  used,  as  J.  i,  i,  4,  ^,  ^^  _i_^  j^^ 
j\,  to  which  the  divisions  of  an  inch  on  our  rules  are  conven- 
iently adapted.  The  ^  size  is  very  common,  but  the  -^j  and  ^ 
are  so  small  that  they  are  seldom  used.  The  metre  with  its 
decimal  divisions  affords  no  such  facility;  we  are  therefore  con- 
fined to  the  J,  i,  yVj  sVj  sV  of  the  full  size,  so  that  we  have  but 
three  practical  scales  in  the  metric  system,  where  within  the 
same  practical  limits  the  inch  base  affords  seven.  The  scale 
series  most  common  upon  the  inch  base  is  that  of  J,  ^and|; 
this  halves  down  from  whole  size,  and  can  be  raised  in  rapid 
drawino^  by  taking  off  dimensions  with  the  dividers  and  doublino- 
them,  and  by  using  diameter  sizes  from  one  drawinof  as  radius 
dimensions  in  the  other,  a  process  impossible  between  the  |  and  4 
sizes  of  the  metrical  scale." 

22.  ''  It  is  generally  acknowledged  that  if  our  existing  systems 
of  weights  and  measures  are  to  be  retained  indefinitely  they  should 
be  entu'ely  revised  and  codified  to  remove  the  existing  incon- 
sistencies and  conflictions. ' '  TTe  are  glad  to  agree  with  this 
statement.  It  would  be  a  good  thing  if  the  British  Parliament 
and  the  United  States  Congress  should  pass  a  law  defining  the 
terms  used  in  the  Emrlish  system,  so  that  no  two  nnits  differino- 
in  dimension  should  have  the  same  name.     The  followino-  is  suo-- 

o  o 
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ColoTUcs.  The  cvklcnco  obtainable  seems  to  point  that  way. 
The  resolutions  of  technical  and  trade  associations  and  the  foot- 
hold it  now  has  before  legislative  bodies  indicate  this;  and  it 
seems  not  improbable  that  Great  Britain  may  anticipate  us  in 
the  adoption  of  the  system. 
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Cfosted  as  a  system  wliicli  would  be  as  satisfactory  as  any  that  can 
be  named  based  on  the  En«^dish  inch. 

Length:  mil,  inch,  foot,  yard,  mile — 5  units.  (The  yard  to  be 
commonly  used  for  textiles  only). 

Surface:  circular  mil  (for  wire  only),  square  inch,  square  foot, 
sijuare  yard,  square  uiile. 

Land  uieasure:  length,  feet  and  decimals,  area,  square  feet  anjd 
decimals,  acre,  square  mile.  (The  acre  not  because  it  is  a 
good  unit,  but  because  it  cannot  he  got  rid  of,  as  is  evidenced 
b}^  the  provision  of  the  exemption  of  land  surveys  in  the  Bill 
H.  E.  205^.) 

Volume:  cubic  inch,  cubic  foot,  cubic  yard  (hundred  cubic  feet 
would  be  a  better  unit  than  cubic  yard);  new  bushel  =  1  cubic 
foot;  new  gallon  =  G  inches  cubed  =  J  cubic  foot  =  21G  cubic 
inches;  new  quart  =  54  cubic  inches;  new  pint  =  27  cubic 
inches  =  3  inches  cubed. 

Weight:  grain,  ounce,  pound,  ton  (2,000  pounds.);  1  new  gallon 
of  water  at  52°  F.  =  7.S  pounds;  1  new  gallon  of  water  at  39° 
F.  =  7.803  pounds. 

''It  is  almost  certain  that  the  [metric]  system  is  annually 
gaining  strength,  both  here  and  in  Great  Britain  and  the  British 
Colonies."  Against  the  growing  strength  of  ojnnion  as  shown 
by  resolutions,  etc.  in  favor  of  the  metric  system  we  have  to 
show  the  far  greater  growth  oi  practice  with  the  English  system, 
due  to  the  rapid  growth  of  population,  wealth  and  industrial 
pursuits  in  English-speaking  nations,  the  building  of  railroads, 
shops,  etc.,  the  general  tendency  to  standardization  of  sizes 
(based  upon  the  inch)  of  articles  of  manufacture  and  the  tools 
for  making  them;  the  spread  of  technical  education,  correspond- 
ence schools,  etc.,  and  the  ever-increasing  mass  of  technical  liter- 
atiu'e  based  upon  English  standards. 

''It  seems  not  improbable  that  Great  Britain  may  anticipate 
us  in  the  adoption  of  the  system."  The  metric  system  was 
formally  legalized  by  Great  Britain  in  1864  and  by  the  United 
States  in  1866.  A  British  Koyal  Commission,  appointed  in  1866 
to  consider  the  subject  of  weights  and  measures,  presented  five 
reports  between  1868  and  1871.  The  second  report  recom- 
mended the  substitution  of  the  metric  for  the  Troy  weight  in  the 
m^lnt,  its  permissive  use  in  customs  and  other  places,  and  its  gen- 
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23.  The  retention  of  ancient  units  of  measurement  in  popular 
phraseology,  or  in  exceptional  industries,  has  no  force  as  an 
argument  against  the  metric  system,  as  this  merely  illustrates 
a  well  known  trait  of  mankind,  where  tradition  or  force  of  habit 
tends  to  maintain  ancient  or  obsolete  terms  or  usages  in  a  rudi- 
mentary form.  This  was  exemplified  with  our  monetary  units. 
Ancient  and  objectional  units  remained  in  use  for  a  generation 
after  the  adoption  of  our  decimal  currency.  Roman  numerals 
are  still  retained  on  watch  faces,  title  pages  of  books,  etc.  The 
Gregorian  calendar  has  not  yet  entirely  displaced  the  Julian 
calendar,  throughout  the  civilized  world.  Yet  no  one  could 
effectively  maintain  that  the  abandonment  of  these  ancient  sys- 
tems was  unnecessary  and  effected  no  useful  purpose.  On  this 
phase  of  the  subject  see  remarks  of  President  Pritchett,  of  the 
Massachusetts  Institution  of  Technology,  at  pages  488  to  491  of 
accompanying  discussion. 

James  Christie, 
Fred  J.  Miller. 


It  had  been  at  first  thought  that  the  above  presentation,  with 
the  accompanying  paper  and  discussion  would  be  sufficient,  but 
the  anti-metric  wing  of  the  committee  preferred  to  make  an 
affirmative  statement  of  its  side  of  the  question.     This  statement 
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oral  encouragement,  but  tliat  in  no  case  should  (•(>iii|)ulsion  be 
used,  believing  that  the  owners  of  factories  and  othei's  who 
might  desire  to  use  it  could  arrange  such  matters  without  legis- 
lative assistance.  (George  AV.  Colles,  Trdnsactloiia^  A.  S.  ^f.  K., 
vol.  xviii.,  page  527). 

This  is  as  far  as  Great  Uritain  has  as  yet  gone  towai'd  the 
*' adoption"  of  the  system.  The  Weights  and  Measures  Con- 
solidation Act  of  1878  reatfirmed  the  existing  standards,  again 
making  the  metric  weights  and  measures  permissive.  If  "  adop- 
tion "  means  compulsor}"  enforcement,  then  Great  Britain  is  a 
long  way  from  the  adoption  of  the  metric  system.  That  this 
country  will  ever  ^^  adopt"  the  system  in  this  sense,  whether 
anticipated  or  not,  is  doubted  even  by  its  advocates.  "  AVe  do 
not  believe  that  Conti:ress  can  bv  law  invade  the  rifi^hts  of  the 
people  to  use  any  system  they  may  prefer,  and  do  not  believe 
that  an^'one  thinks  of  doing  such  a  thing"  (Section  10  of  our 
opponents'  reply  to  our  argument,  p.  G79). 

23.  '^  The  retention  of  ancient  units  of  measurement  in  popular 
])hraseology  .  .  .  has  no  force  as  an  argument  against  the  metric 
system."  Possibly  it  is  not  an  argument  against  the  system 
2>cr  se,  but  the  'Svell-known  trait  of  mankind,  where  tradition 
or  force  of  habit  tends  to  maintain  ancient  or  obsolete  terms  "  is 
a  powerful  obstruction  to  the  general  introduction  of  the  system, 
and  it  may  be  used  as  an  argument  to  show  why  the  people  of 
the  United  States  are  no  more  likely  to  adopt  the  metric  sj^stem 
than  they  are  to  adopt  the  French  language. 

William  Kext, 
Geokge  M.  Bond. 


follows,  and  will  be  found  on  the  left-hand  pages,  while  the  an- 
swers to  the  points  made  will  be  found  upon  the  right-hand 
pages;  corresponding  numbers  being  used  throughout  for  con- 
venience. 
42 
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Argument  Against  the  Metric  System, 


I. 


WHAT   THE    ENGLISH    AND    THE   METTITC    SYSTEMS    ARE. 

As  preliminary  to  the  arguments  on  the  English  versus  the 
metric  system,  it  may  be  well  to  state  just  Avhat  the  English  and 
metric  systems  are  as  used  by  the  great  bulk  of  the  population 
in  metric  and  non-metric  countries. 

The  following  is  a  table  of  the  customary  measures  of  length, 
surface,  volume  and  weight  in  the  two  systems  of  measure. 
From  this  table  have  been  omitted  in  both  systems  the  dimen- 
sions that  are  not  in  gejieral  use : 


English 

Length : 
Inch 
Foot 
Yard 
Mile 


Comparative  English  and  Metric  Measures. 
Metric 


Millimetre  —       0.03937  in. 
Centimetre—       0.3937      " 
Decimetre  —       3.937        " 
Metre  —     39.37 

Kilometre  —3280.83         ft. 


-3.28083  ft. 
-0.62137  mile 


Surface  : 

Sq.  inch  Sq.  centimetre — .1550  sq.  in. 

Sq.  foot  "    decimetre  —15.50  sq.  in.— 0.10764  sq.  ft. 

Sq.yard  "    metre— 10.764  sq.  ft.— 1.196  sq.  yd. 

Acre  "    dekametre    or     are — 1076. 4 sq.ft. — 119.6sq.  yd. 

Sq.  mile  Hectare  "      100  ares— 107,639  sq.  ft.— 2.471  acres 


Volume  : 
Cu.  inch 
Cu.  foot 
Cu.  yard 
Quart 

Gallon 

Bushel 


Sq.  kilometre — 247.1  acres — 0.3861  sq.  mile 
Cu.  centimetre — millilitre —  0.0610  cu.  inch 
CentiUtre  —  0.6102 

Decilitre  —  6.1023 

Litre — 1  cu.  decimetre      — 61.023         " 

—    1.0567  quarts 
Hectolitre  or  decistere — 3.531  cu.  ft. 

—2.8375  bushels 
Decalitre  or  centistere — 0.3531  cu.  ft. 

—2.6417  gallons 
Stere,  kilolitre  or  cu.  metre — 35.314    cu.  ft. 

—  1.3079  cu.  yds. 
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liejyUcs  to  Argumetit  A(/ai?ist  the  Mettnc  St/stern. 

I. 

The  luiniber  of  fundamental  units  for  weiglits  and  measures 
used  in  either  the  Jiritish  or  the  metric  system  has  little,  if  any, 
bearing  upon  the  respective  merits  or  demerits  of  the  two  sys- 
tems. Tlie  essential  difTerence  is,  however,  that  in  the  Britisli 
system  the  complex  relationships  of  the  various  denominations 
are  such  that  they  are  interconvertible  only  by  calculation, 
whereas  in  the  metric  system  no  such  calculation  is  rec[uired,  as 
they  are  interconvertible  by  inspection;  because  the  metric  sys- 
tem as  elsewhere  expressed  ''  harmonizes  with  the  world's  arith- 
metical notation." 

The  person  who  has  learned  to  count  general  quantities  as  ex- 
pressed by  the  numerals  of  the  world's  decimal  notation,  readily 
understands  and  retains  in  his  memory  its  application  to  metric 
measures.  When  daily  experience  requires  him  to  use  the 
former,  he  cannot  well  forget  the  latter. 

It  is  frequently  observed  that  a  large  part  of  the  community 
who  are  not  habitually  required  to  use  our  units  of  weights  and 
measures,  have  no  recollection  of  the  relation  between  the  units; 
for  example,  the  number  of  feet  in  the  mile  or  ounces  in  the 
pound,  etc.  This  arises  from  the  obscure  or  unecjual  relation 
existino:  between  the  denominational  units  of  our  svstem.  In 
ordinary  metric  measurements,  such  as  are  used  in  machine  con- 
struction, etc.,  it  is  neither  necessary  nor  customary  to  name  the 
units  that  are  exjjressed  numerically.  The  figures  carry  their 
own  significance;  for  example,  if  a  dimension  is  12J:5  milli- 
metres, the  speaker  usually  says  twelve-forty-five  without  any 
reference  to  the  special  unit  intended,  which  is  always  under- 
stood, and  the  expression  is  as  simple  as  when  naming  our  binary 
fractions.  Therefore  in  metric  using  countries  it  is  claimed  that 
abbreviations  for  utterance  of  the  terms  are  not  of  much  im- 
portance.  as  the  terms  themselves  are  so  little  used.  This  is  in 
marked  distinction  to  our  system,  wherein  the  terms  have  to  be 
constantly  employed  to  preserve  the  distinction  between  feet, 
inches,  etc. 

For  the  quantities  cited  above,  one  familiar  with  the  system 
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Weight  (avoirdupois). 

Grain  Milligram — 

Ounce  Decigram^ 

Pound  Gramnio  — 

Ton     (2,000  lbs.)  Kilogram- 
Tonne      — 


Total  English,  19. 


0.01543  grain 
1.5432       " 
15.432         " 
2.20402  pounds 
2204.02        " 
(1.10231  notions) 
Total  Metric,  30. 


In  the  metric  system  there  are  seven  fundamental  units — i.  e., 
the  metre,  the  square  metre,  the  are,  the  cubic  metre,  the  liter, 
the  stere,  and  the  gram.  The  sub-divisions  are  expressed  by  the 
seven  prefixes,  milli,  centi,  deci,  for  the  smaller  dimensions,  and 
deca,  hecto,  kilo,  myria  for  the  larger  dimensions. 

The  following  table  shows  which  of  the  56  possible  combina- 
tions of  the  prefixes  and  the  base  unit  are  in  common  use,  those 
used  being  shown  by  a  star,  and  those  not  used  by  a  dash: 


MiUi 

Centi 

Deci 

Deka 

Hecto 

Kilo 

Myria 

Out  of  eight  use 


Length 

Surface 

Volume 

Weight 

metre 

Sq. 

metre 

are 

Cu. 

metre  litre  stere 

Gramme 

* 

- 

— 

— 

* 

— 

* 

* 

* 

_ 

* 

* 

* 

* 

« 

* 
* 

- 

* 

* 
* 
* 

* 

* 

I 

* 

^ 

I 

I 

* 

* 

— 

— 

* 

_ 

* 

_ 

— 

_ 

— 

— 

— 

Tonne 

5 

5 

2 

3 

7 

3 

5 

Total  30  out  of  56. 


The  above  tables  show  that  the  English  system  has  19  units  in 
common  use.  Nearly  all  of  them  are  expressed  in  monosyl- 
lables, and  everyone  of  them  is  familial'  to  every  English-speak- 
ing school  boy  twelve  years  of  age.  Their  values  are  definite. 
The  metric  terms  are  thirty  in  number,  and  nearly  all  of  them 
are  expressed  in  polysyllables. 


II. 


MANY    OF    THE    ANCIENT    ENGLISH    MEASURES    ARE    OBSOLETE    OR    IN 

BUT    LIMITED    USE. 

From  the  table  of  English  measures  have  been  omitted  those 
measures  that  are  either  obsolete  or  obsolescent,  and  only  used 


I 
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knows  at  a  glance  that  tho  iiicasuromont  is  citlicr  1245  iiiilli- 
nu'tres,  or  1  liU'tro  aiul  2+.")  inilliiiietres,  or  1  metre,  2  (Icciiiu^tics 
and  45  millimetres,  or  1  meti'e,  2  deeimetres,  4  eentimetres  and 
5  millimetres,  if  for  any  reason  it  is  desired  to  so  exjiress  the 
measurement,  although  this  would  be  very  uiuisual.  Likcnvise 
if  the  same  numerals  express  weight  in  grams,  the  reader  knows 
as  he  reads  that  it  means  1  kilogram,  2  hectograms,  4  decagrams, 
5  irrams.  As  the  relations  between  the  denominations  are  sim- 
|)le,  clear  and  expressive,  the  small  units  of  weight  are  more 
freijuently  used  in  the  metric  system  by  people  of  average  intel- 
ligence than  is  customary  with  us.  Ask  any  grocer  how  many 
of  his  customers  can  clearly  comprehend  (quantities  below  ^  of 
a  pound  ?  The  smaller  units  of  weight  in  our  system  are  obscure 
to  the  great  majority. 

The  misinterpretation  of  drawings  by  occasional  confusion 
between  feet  and  inches,  is  an  old  and  never-ending  source  of 
trouble  in  our  system.  The  attempt  to  obviate  it  by  making  all 
numerical  terms  on  drawings  in  inches,  has  proved  equally  un- 
satisfactory, as  when  measurements  of  several  feet  are  involved 
the  workmen  must  make  the  conversion  by  calculation,  thus 
introducing  another  source  of  possible  error.  This  difficulty  is 
absolutely  avoided  in  the  metric  system.  The  clear  and  expres- 
sive sifrnificance  of  the  numerical  terms  stands  in  marked  con- 
trast  as  much  superior  to  our  crude  methods.  An  eminent 
opponent  of  the  metric  system  says,  ''  the  English  inch  is  a  rest- 
ing place  for  the  memory."  This  is  probably  true  when  the 
mind  has  been  struggling  with  our  common  fractions,  relics  of 
the  unlettered  age  of  mankind,  the  units  not  being  interconverti- 
ble excepting  by  a  process  of  calculation,  and  as  the  inch  is  the 
most  familiar  unit.  But  in  the  metric  system  every  unit  is  a 
resting  place  for  the  memory,  as  ordinarily  no  interconversion 
is  needed.  The  terms  are  simply  read  off  and  are  clearly  intel- 
ligible to  anyone  familiar  with  the  numerical  series  of  our  stand- 
ard notation.  One  knows  that  each  term  on  the  descending 
scale  has  oae  tenth  the  value  of  that  preceding  it. 


II. 

'No  matter  what  system  may  be  used,  any  given  industry  or 
trade  will  employ  only  those  units  of  measurement  which  are 
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by  a  snijill  fraction  of  the  population  (3ngage(l  in  special  trades. 
Among-  those  omitted  are  the  chain,  link  and  rod,  which  are 
never  used  except  by  some  engineers  in  surveying  old  boundaries, 
the  foot  having  generally  taken  their  place ;  the  furlong  and  the 
league,  which  are  obsolete;  tlie  point  and  the  line,  which  are  used 
only  by  printers;  the  fathom,  used  by  sailors;  the  hand,  used  by 
horse  dealers,  and  the  mil,  used  in  electrical  engineering  w^ork, 
being  a  thousandth  part  of  an  incli.  From  measures  of  surface 
have  been  omitted  square  rod  and  rood,  Avhich  are  obsolete,  and 
the  circular  mil,  used  only  in  electrical  wiring  calculations.  In 
measures  of  volume  there  are  omitted  the  cord,  used  in  measures 
of  firewood  only;  the  perch,  used  by  masons;  the  gill,  hogshead 
and  barrel,*  tierce,  etc.,  Avhich  are  practically  obsolete  measures 
of  liquids.  Also  the  pint,  which  is  simply  half  a  quart;  and  the 
peck,  which  is  quarter  of  a  bushel  and  only  used  by  green 
grocers.  The  fluid  drachm  and  fluid  ounce  are  used  only  by 
druggists  for  liquid  measures.  In  the  tables  of  weights  there 
are  omitted  drachms,  quarters,  hundred  weight,  stone,  which  are 
obsolete  measures  in  the  United  States.  The  Troy  and  Apothe- 
caries' Weights  are  omitted,  with  their  pound,  ounce,  penny- 
w^eights,  grains,  scruples  and  drams,  because  Troy  Weight  is 
only  used  in  measuring  silver  and  gold,  and  Apothecaries' 
Weight  only  for  prescriptions.  So  that  the  nineteen  terms  in 
the  above  tables  are  all  that  are  really  needed  by  the  English- 
speaking  races  for  all  commercial  and  manufacturing  purposes. 

*  Barrels  and  hogsheads  are  containing  vessels  like  boxes  and  cans,  and  may 
vary  considerably  in  capacity.  The  mensure  of  a  barrel  given  in  the  books,  31^ 
gallons,  is  not  the  measure  of  the  capacity  of  barrels  as  they  are  now  made. 


III. 

CONVENIENCE    OF    THE    ENGLISH    UNITS. 

Now  as  to  the  relative  dimensions  of  these  units.  The  four 
measures  of  length  are  familiar  to  the  English-speaking  race  the 
world  over,  and  a  mental  conception  is  immediately  formed 
whenever  one  of  them  is  mentioned.  The  yard  is  practically 
obsolete  for  all  purposes  of  linear  measurement  except  in  measur- 
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convenient  for  its  work,  and  will  usually  dispense  Avitli  the 
others.  It  is,  however,  obviously  an  advanLa<^(^  to  liavc^all  terms 
of  iu(\isureuu^nt  used  by  others  riNuliiy  eonvei'tible  into  the  terms 
or  units  with  which  one  is  familiar  by  reason  of  daily  use.  This 
advantage  is  secured  l)y  the  metric  system  and  is  not  secured  l)y 
the  British  systeiu. 

If,  how^ever,  a  fewer  nundjer  of  units  is  considered  an  advan- 
tage to  a  system  of  measurements,  then  the  metric  system  will 
easily  stand  fair  comparison  wntli  the  Urilish  on  that  score.  The 
comparison  as  made  is  nu:>st  unfair  to  the  metric  systcMu,  es])e- 
cially  so  far  as  it  applies  to  the  machine-building  industries, 
because,  in  machine  construction,  dimensions  in  whole  numbers 
of  inches  are  very  rare,  and  in  fairness  the  fractions  i,  :j:,  j.,  ^, 
■jVj  i^i  and  .001  inch  should  be  added  to  the  list  of  JJritish  units 
because  all  these  are  in  common  use  in  machine  shops.  On  the 
other  hand,  .01  millimetre  should  be  added  to  the  list  of  metric 
units  because  it  also  is  used  in  machine  construction.  When 
these  additions  have  been  made  we  find  that  in  the  English  sys- 
tem there  are  nine  different  units  commonly  employed  in  machine 
construction  and  only  two,  or  at  most  three,  in  the  metric 
system. 

In  practice  also,  the  square  Inch  and  the  cubic  inch  have  often 
to  be  divided  into  fractional  parts;  much  more  frequently  so 
than  the  square  centimetre  and  the  cubic  centimetre,  because  the 
former  are  much  larger  units. 

What  we  would  regard  as  a  fair  comparison  therefore,  Avould 
show  very  different  results,  but  we  do  not  consider  this  to  be  of 
sufficient  importance  to  warrant  our  making  another  table. 

The  chain  and  the  link  are  still  commonly  used  in  all  farm 
surveys,  the  foot  and  the  hundredth  of  the  foot  in  city  surveys 
and  in  levelling.  These  are  used  because  survevors  and  eno-i- 
neers  find  the  decimally  divided  unit  much  more  conv^enient  both 
in  field  Avork  and  computation. 

III. 

Mental  conceptions  of  the  dimensions  of  units  comes  with  ex- 
perience in  the  use  of  any  system,  just  as  one  learns  to  think 
in  an}^  language  with  which  he  is  familiar.  The  mental  concep- 
tions, however,  are  more  easily  obtained  and  preserved  with  the 
metric  system  than  with  ours ;  as  the  denominations  have  a  uni- 
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ina*  clotli  and  yum.  The  sizes  of  tlioso  units  are  entirely  satis- 
fac^toiy,  or  at  least  they  nre  more  satisfactory  for  practical  })ur- 
poses  than  the  metric  units.  As  for  square  measures,  the  square 
inch,  scjuare  foot,  square  yard  aiid  scjuare  mile,  are  entirely  sat- 
isfactory units  and  much  more  satisfactory  than  the  six  units  in 
the  French  metric  system.  The  acre  is  not  a  satisfactory  unit, 
and  in  course  of  time  it  may  l)e  abolished,  its  place  bein<^  taken 
by  some  even  multiple  of  the  stjuare  foot,  as  already  obtains  in 
city  land  measurements. 

As  to  the  measures  of  volume,  the  cubic  inch,  foot  and  yard 
are  really  all  that  are  necessary  for  a  good  system  of  measure- 
ment, but  the  quarts,  gallons  and  bushels  are  convenient  sizes 
used  in  commerce.  The  three  units  of  weight,  ounce,  pound  and 
ton,  are  entirely  suitable  for  the  ordinary  uses  of  commerce. 
The  grain  is  practically  not  used  except  in  druggists'  prescrip- 
tions. The  objection  to  the  different  kinds  of  English  tons  is 
not  an  objection  to  the  English  system,  per  se  ;  at  any  time  the 
ton  of  2,000  pounds  may  be  made  the  legal  ton  for  buying  and 
selling.  For  chemists'  purposes  the  metric  system  is  in  common 
use  and  is  entirely  satisfactory,  but  for  ordinary  purposes  of 
weights  the  English  system  is  superior  in  having  a  smaller  num- 
ber of  terms  and  in  the  sizes  of  Units  being  more  suitable  for 
commercial  uses. 

The  accurate  or  scientific  measurement  of  the  length  of  a  bar 
or  of  a  land  boundary,  may  be  done  equally  as  well  in  the  nietric 
as  in  the  English  system.  So  the  accurate  weighing  of  a  body 
of  unknown  weight  may  be  done  on  a  chemist's  balance  equally 
as  well  in  one  system  as  in  the  other. 

But  such  measurements  and  weighing  form  an  exceedingly 
small  fraction  of  all  the  measurements  and  weighings  done  in 
commerce  and  the  industrial  arts.  The  more  common  measure- 
ment is  to  lay  off  a  given  dimension  which  is  marked  on  a  scale. 
Thus  the  carpenter  with  his  two-foot  rule  lays  off  on  a  plank  to 
be  cut  the  dimensions  8  feet  long  by  six  inches  wide;  the  iron 
roller  makes  bars  1  inch  diameter,  and  cuts  them  off  10  or  20 
feet  long.  The  machinist  measures  the  bar  to  find  out  whether 
it  is  1  inch  or  the  next  size  smaller,  if  of  an  inch;  he  cuts  off  a 
piece  of  definite  length,  and  turns  it  to  a  definite  diameter  which 
he  sets  on  his  calipers.  The  cloth  manufacturer  sets  his  loom  to 
produce  cloth  36  inches  wide,  and  he  cuts  it  off  a  given  number 
of  yards  in  length.     The  grocer  does  not  weigh  to  find  how 
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form  relation  to  oacli  other  and  are  expressed  in  nunierieal  orcler. 
Tlie  ditliculty  of  ac(inirin<::  tlic  mental  ('()nce])ti()n  lefernMl  to  is 
fre(]iiently  comment(Ml  upon  hy  those  who  have  been  accustomed 
to  metric  measurements  iind  are  unfamiliar  with  the  Jii-itish  sys- 
tem. The  complexity  of  the  latter  as  compared  to  the  sim])le, 
expressive  metrology  of  the  former  is  one  of  the  reasons  wliy 
the  eminent  ])hysicist.  Lord  Kelvin,  lias  characterized  the  British 
system  as  ''  a  brain  wearying,  intellect  destroying  system.'"*  For 
the  respective  convenience  of  the  two  systems  see  pages  522  to 
528  of  the  accompanying  discussion  from  those  who  have  used 
both  systems,  particularly  the  testimony  of  Sir  IJenjamin  Bjiker, 
at  bottom  of  page  525. 
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many  ])ou]i(ls;,  ounces  and  grains  there  are  in  a  certain  bulk  of 
su<^ar,  but  h(5  weighs  out  so  many  pounds.  The  druggist  weiglis 
out  so  many  ounces,  or  a  half,  quarter,  or  eighth  ounce.  For  all 
such  measurements  and  weigliings,  which  constitute  probably 
nine-tenths  of  all  tlie  measurements  and  weighings  in  the  world, 
theEnglisli  units  are  superior  to  the  metric  units,  and  the  binary 
system  of  sub-division  is  superior  to  the  decimal.  The  foot  and 
inch  are  more  convenient  than  the  metre  and  its  decimal  sub- 
divisions, and  the  binary  system  of  division  is  so  necessary  for 
the  needs  of  the  common  people  that  it  is  quite  commonly  used 
in  metric  countries. 

If  a  man  wants  to  divide  a  metre  into  any  other  binary  divi- 
sion than  halves,  quarters  and  eighths,  he  cannot  do  it  on  a 
metre  scale  without  splitting  a  millimetre  and  making  an  ap- 
proximate measurement,  while  on  an  English  scale  he  can  divide 
a  foot  into  thirds,  sixths,  twelfths  and  twenty-fourths,  as  Avell 
as  into  binary  divisions  as  far  as  Oiths  (if  the  scale  reads  to  ^"^5^  of 
an  inch),  and  he  can  divide  an  inch  on  a  machinist's  steel  scale 
as  far  as  -^  of  an  inch. 


lY. 

THE    ENGLISH-SPEAKINO    PEOPLE    THINK    IN    THE    ENGLISH    SYSTEM. 

A  serious  objection,  in  our  opinion,  to  the  introduction  of  the 
metric  system  is  that  all  the  English-speaking  race  think  in  the 
English  system.  The  attempt  to  make  these  people  do  their 
tliinking  in  the  metric  system  would  be  the  work  of  at  least  two 
generations,  during  which  time  there  would  be  endless  confusion 
and  an  enormous  waste  of  mental  effort  in  trying  to  keep  the  two 
systems  side  by  side.  Ml  the  literature  in  mechanical  science 
and  engineering  in  the  English  language,  which  has  accumulated 
in  the  past  one  hundred  years,  would  be  practically  unreadable 
until  translated  into  the  new  system,  if  people  are  compelled  to 
do  their  thinking  in  the  metric  system.  In  the  expressed  opin- 
ion of  business  men  of  great  experience  in  manufactures  it  would 
retard  the  development  of  the  manufactures  of  the  United  States 
at  least  twenty-five  years,  and  be  practically  at  the  cost  to  the 
country  of  their  present  prestige.  Let  anyone  take  one  of  the 
engineers'  pocket-books  and  attempt  to  re-write  a  few  pages  of 
it,  especially  those  involving  formulae,  such  as  the  formulas  for 
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There  is  no  foundation  for  the  assertion  tliat  it  would  take  at 
least  two  generations  for  the  English-speaking  race  to  learn  to 
think  in  the  metric  system.  It  was  accomplished  in  Germany 
within  a  few  years,  and  we  have  many  illustrations  of  a  similar 
character;  for  example,  our  own  change  of  currency,  the  change 
to  a  decimal  currency  in  Canada,  which,  was  made  with  hardly 
a  ripple  of  disturbance.  The  printers  have  changed  their  entire 
system  of  type  measurements  without  confi>sion,  and  other  in- 
stances could  be  cited.  The  mere  fact  that  the  use  of  ancient 
terms  and  units  continues  in  certain  industries,  or  in  communi- 
ties isolated  in  thought  and  habit  from  the  major  ranks  of 
society,  carries  no  more  weight  than  does  the  fact  that  we  still 
retain  Roman  numerals  on  our  watch  faces,  etc. 

A  large  number  of  the  articles  enumerated  would  require  no 
immediate  change  other  than  that  of  name,  until  such  time  as 
they  may  be  superseded  b\^  new  tools  or  articles  of  the  desired 
absolute  dimensions.     Old  tools  and  appliances  are  continually 
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flow  of  water  and  flow  of  steam,  cx])ressing  all  tlie  units  in  tlie 
FrcMich  system,  and  then  sliow  the  result  to  a  friend,  and  ask 
liim  to  form  the  mental  conception  of  the  dimensions  therein  ex- 
pressed, and  he  will  get  a  realization  of  the  enormous  amount  of 
effort  needed  to  change  the  reference  books  into  the  French 
metric  measures,  and  the  still  greater  effort  to  comprehend  them 
after  they  are  so  changed.  (See  ^'  A  Big  Job  for  a  Literary  En- 
gineer"— Appendix  IX.,  page  G91). 

A  recent  writer  on  this  subject  mentions  a  man  whose  height 
is  1.87  metres  in  his  stocking  feet,  who  has  a  girth  around  the 
chest  of  1.18  metres,  and  weighs  90  kilograms.  Do  these  figures 
convey  any  conception  of  the  size  and  proportion  of  this  man  to 
the  readers  of  this  statement  ? 


Y. 

THE    ENGLISH    SYSTEM    IN    THE    MACHINE    SHOP. 

The  whole  literature  of  mechanical  science  and  industrial  art 
in  the  English,  language  contains  the  inch  as  the  basis  of  measure- 
ment of  length,  surface  and  volume.  Also  in  Great  Britain  and 
the  United  States,  for  all  ordinary  purposes,^  there  are  based  on 
the  English  inch : 

All  rules,  tables  and  formulae  used  in  calculations  involving 
measures  of  length.  All  drawings  of  manufactured  articles. 
All  measuring  scales  and  measuring  tools,  calipers,  verniers,  etc. 
All  drills,  taps,  reamers,  screw-threads,  boring  bars,  milling  cut- 
ters, mandrels,  standard  plugs  and  rings,  and  shop  tools,  gauges, 
templets,  etc.,  that  are  based  on  this  standard  unit.  All  machine 
tools,  leading  screws  of  lathes,  and  feed  and  elevating  screws  of 
milling  machines,  planer  heads,  etc.  All  graduated  heads  of 
feeding  screws.  All  interchangeable  parts  of  the  things  made 
in  machine  shops,  which  things  are  distributed  all  over  the 
world.     All  gear  wheels^  gear  cutters  and  gear  patterns.     All 


*  We  may  except  from  this  statement  watch  tool  and  optical  instrument  shops, 
the  engine  works  of  Willans  &  Robinson  in  England,  and  the  injector  shop  of 
Wm.  Sellers  &  Co.  in  this  country,  but  the  exceptions  to  the  rule  are  as  1  to 
100,000  and  prove  the  rule. 
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luMiig  displaced  by  lunv,  mid  now  iiioro  rapidly  than  at,  aii\'  pr-c- 
vioiis  ])eri()d. 

The  oj)posiii<^  ai't;'ument,  illustrating  the  supposed  (h'lliculties 
involved  in  ihe  ehant^e  of  system,  cites  the  case  of  standard  luhes 
and  tal)h\s  for  Mow  of  fluids.  In  reply  it  can  be  conlidcntly 
assoi't(Ml  that  integral  metric  units  can  be  a])|)lie(l  to  both  external 
and  internal  diameters  of  our  standard  tubes,  Avhicli  are  at  l(?ast 
as  close,  if  not  closer,  to  the  actual  dimensions  than  those  given 
on  our  tables,  and  for  the  flow  of  fluids  our  terms  have  merely 
to  be  translated  to  the  metric  measures. 

This  whole  argument,  it  seems  to  us,  is  largely  a  case  of  imag- 
ined difficulties;  difficulties  which  il  is  almost  universally  de- 
clared by  those  who  have  tried  the  metric  system  in  actual  work 
do  not  exist,  or  are  much  less  serious  than  one  who  has  made  no 
trial  of  it  is  apt  to  imagine. 


Y. 

On  this  point  we  can  do  no  better  than  again  to  refer  to  the 
testimony  of  Sir  Benjamin  Baker  at  page  525.  It  is  evident  that 
he  has  failed  to  discover  the  difficulties  named  or  that  he  has 
found  it  very  easy  to  overcome  them.  See  the  testimony  of  the 
great  engine  builders  at  Eugby,  England,  on  this  point,  at  page 
522  of  the  accompanying  discussion,  also  the  testimony  of  Mr. 
Arthur  Greenwood,  of  the  great  tool  and  general  engineering 
firm  of  Greenwood  &  Batley,  at  page  525  of  accompanying 
discussion. 

Several  years  ago  a  Phildelphia  machinist,  Mr.  A.  Falkenau, 
a  member  of  this  society,  built  a  gas  engine  from  French  draw- 
ings, on  which  dimensions  were  given  in  millimetres.  He  pro- 
cured metric  scales  and  gave  them  to  his  workmen,  who  in  a  few 
days  were  entirely  familiar  Avith  the  measurements  and  followed 
the  drawings  without  any  hesitation  or  difficulty.  He  states 
that  he  expected  difficulties  which  did  not  manifest  themselves. 

The  British  system  is  satisfactory  to  those  who  have  been 
given  no  opportunity  to  familiarize  themselves  with  a  better. 
Its  use,  like  many  other  objectionable  habits,  has  been  imposed 
upon  us  by  inheritance,  and  it  can  be  eradicated  only  by  an 
effort. 
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])ullcys  and  shafting,  hangers,  couplings,  bushings  and  bearings. 
All  merchant  sizes  of  bars  and  plates  of  iron,  steel  and  other 
inetals.  All  structural  iron  shapes.  All  merchant  sizes  of  pipe, 
pipe  flanges,  pipe  fittings,  vah^es,  and  the  screw-threads  of  the 
same.  All  bolts,  nuts,  rivets,  keys.  Locomotives,  cars,  rail- 
roads and  their  appurtenances,  all  marine  and  stationary  engines, 
all  ships.  All  parts  kept  in  stock  for  repair  or  replacement  of 
these  things. 

As  to  the  number  of  these  things  in  use  throughout  the  world, 
produced  by  the  shops  of  the  United  States  and  Great  Britain, 
they  are  more  than  the  similar  things  produced  based  on  all  other 
systems  of  measurement  in  all  the  rest  of  the  world  combined. 
As  to  the  number  of  people  engaged  in  making  these  tilings  in 
the  United  States  and  Great  Britain,  they  are  more  than  the 
number  of  people  engaged  in  making  similar  things  in  all  the 
rest  of  the  world  combined.  As  to  the  number  of  people  using 
these  things  throughout  the  world,  they  comprise  more,  also, 
than  those  who  use  similar  things  based  on  all  other  systems  of 
measurement  combined. 

Every  Anglo-Saxon  mechanic  and  draftsman  in  the  United 
States  and  Great  Britain  (in  watch  and  optical  instrument  fac- 
tories possibly  excepted)  thinks  in  the  English  system  of  measure- 
ment. The  common  people  in  these  countries  universally  think 
in  that  system.  To  the  English-speaking  mechanic  the  English 
system  is  a  perfectly  satisfactory  one.  Every  technical  paper 
and  book  he  reads  or  refers  to  uses  that  system.  For  him  to 
change  from  one  system  to  another  would  be  worse  than  for  him 
to  learn  a  new  shop  language.  He  might  with  much  eifort  learn 
a  thousand  new  words,  and  accustom  himself  to  use  them  instead 
of  their  English  equivalents,  but  in  his  use  of  the  metric  system 
he  would  have  to  compute  either  mentally  or  on  paper  every 
time  he  had  to  compare  a  measurement  in  English  with  one  in 
the  French  system,  or  vice  versa.  If  he  were  given  a  metric 
measurement  he  would  have  to  translate  it  into  English  to  get 
a  clear  mental  conception  of  it.  If  the  metric  system  were 
adopted  in  this  country,  the  next  two  generations  of  mechanics 
would  have  to  learn  both  systems,  and  to  think  in  both. 

Mr.  Coleman  Sellers  in  1880  {Transactions,  A.  S.  M.  E.,  vol.  i.) 
said:  ''  The  (m^etric)  system  jper  se  is  not  as  well  adapted  to  the 
wants  of  machinists  as  the  one  now  in  use.  ...  Its  enforced 
introduction  will  do  harm  in  place  of  doing  good. 
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Wo  ros]>cct fully  submit  that  a  ])ractical  trial  is  tlio  only  way 
by  which  reliable  ovidiMU'c  in  such  matters  can  be  secured.  'Hk^ 
])eo])le  to  whoso  evidence  we  refer  have  madii  such  trials,  and 
therefore  know  what  they  are  talking  about.  Th(»y  could  have 
no  ])ossible  object  in  misrepresenting  the  facts  as  they  liave  found 
them,  nor  in  deceiving  others  in  regard  to  them,  even  if  they 
were  men  who  were  capable  of  consciously  doing  such  a  thing. 
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"  After  nearly  20  years  of  constant  use  of  the  metric  system, 
I  record  my  opposition  to  any  enforcing  legislation  in  this  direc. 
tion."  '*  The  resting  place  for  memory  in  the  American  sys- 
tem of  shop  sizes  is  the  inch." 

*'  One  of  our  tool-room  keepers  reports  the  names  of  129  arti- 
cles or  sets  of  articles  used  in  producing  one  size — viz.,  1^ 
inch.  .  .  .  Drills,  reamers,  gauges,  boring  bars  and  cutters, 
taps  of  all  kinds  for  all  sorts  of  uses,  hardened  mandrels,  these 
pieces  costing  many  hundreds  of  dollars  for  one  size  only.  They 
tally  with  and  belong  to  the  dimensions  marked  IJ  inch  in  many 
thousand  places  on  drawings  which  have  been  accumulating  for 
years,  to  patterns,  to  gear  wheels,  interchangeable  over  a  con- 
tinent, and  to  the  output  of  our  factory  for  years.  The  question 
is  not  shall  w^e  change  from  the  English  to  the  metric  system, 
but  shall  we  attempt  to  have  two  systems  side  by  side,  with  the 
resulting  confusion?  " 


YI. 


THE  VALUE  OF  OUR  ENGLISH  STANDARDS. 

Mr.  F.  A.  Halsey  (page  38  of  his  recent  paper)  says:  ^^  The 
abandonment  of  the  inch  will  involve  the  destruction  of  our  ex- 
isting standards.  .  .  .  The  chief  value  of  u  standard  lies  in  the 
fact  that  it  is  adopted,  that  it.  has  become  part  of  our  daily 
lives.  .  .  .  Because  the  threads  are  standardized,  pipe  fittings 
can  be  made  by  the  million,  at  trifling  cost,  and  that  when  Ave 
need  a  fitting  we  can  buy  it  for  a  few  cents  with  the  assurance 
that  it  will  fit  instead  of  having  to  get  it  cut  to  order  to  suit  an 
odd  size  of  thread. "  (See  also  Appendix  I^o.  12,  p.  699,  answer  to 
question  9  by  the  Cincinnati  manufacturers,  American  Machinist, 
JSTovember  27,  1902). 
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YII. 

THE    SIMPLICITY    OF    THE    ENGLISH    SYSTEM. 

The  fundamental  and  universal  units  in  the  system  are: 


Length, 

Surface. 

Volume. 

Weight. 

inch 

sq.  inch 

cu.  inch 

grain 

foot . 

sq.  foot 

cu. foot 

ounce 

yard 

sq.  yard 

cu.  yard 

pound 

mile 

sq.  mile 

ton     (2,240  lbs.) 

These  are  all  the  units  that  need  be  used  in  computations  by  the 
mechanic  and  engineer,  fifteen  in  all. 

The  number  of  these  units  may  easily  be  reduced,  for  me- 
chanics and  engineers  scarcely  ever  use  the  yard  or  the  square 
yard.  The  cubic  3^ard  is  used  as  a  measure  of  earth  and  rock, 
by  old  usage,  but  a  new  unit  of  100  cubic  feet  might  with  advan- 
tage be  substituted  for  it.  So  also  the  ounce  and  grain  might 
be  abandoned  and  decimal  sub-divisions  of  a  pound  used  instead. 

The  mechanic  and  engineer  would  then  have  only  nine  funda- 
mental units  to  memorize — viz.,  inch,  foot,  mile,  square  inch^ 
square  foot,  cubic  inch,  cubic  foot,  pound,  ton. 

The  nine  units  form  a  system  superior  in  every  way  to  the 
metric  system.  Any  one  of  them  may  be  used  with  binary  or 
decimal  sub-divisions  as  desired.  The  inch  is  a  more  convenient 
unit  than  the  millimetre  for  the  mechanic  and  the  draftsman. 
The  foot  may  conveniently  be  used  by  the  engineer  for  any  dis- 
tance from  .001  foot  to  several  thousand  feet,  and  the  mile  being 
used  only  for  long  distances  as  on  roads  or  on  the  sea.  The 
square  foot  may  be  used  for  large  as  well  as  for  small  areas  as 
we  speak  of  a  floor  or  land  area  of  20,000  square  feet.  The 
cubic  foot  is  a  most  useful  unit  both  for  solids  and  liquids.  The 
names  of  all  these  units  are  monosyllables,  and  differ  greatly  in 
sound,  while  those  of  the  metric  system  are  mostly  polysyllables, 
many  of  them  similar  in  sound,  and  are  derived  from  Greek  and 
Latin.  A  few  other  units  may  conveniently  be  used  for  certain 
purposes,  such  as  the  mil  (.001  inch)  and  the  circular  mil  for 
electrical  wiring  calculations,  and  the  acre  or  -^\-q  of  a  square 
mile,  since  it  is  '^  irrevocably  tied  to  the  past "  in  our  land  sur- 
veys. The  importance  of  retaining  our  existing  measures  of  land 
is  recognized  in  the  bill  now  before  Congress.  ^| 
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Commenting  upon  the  alleged  simplicity  of  the  IJritish  system, 
our  confreres  again  omit  to  add  the  six  usual  binary  divisions  of 
the  inch,  from  -k  to  ^V  ^^^^^  inclusive,  which  are  ])ractically  all 
independent  units,  and  in  the  metric  system  are  leplaced  by  the 
single  unit,  the  millimetre,  and  its  decimal  division  ^01  milli- 
metre. The  mere  assertion  of  superiority  for  these  units  is  far 
from  convincing  to  those  who  do  not  use  them,  or  to  those  who 
have  learned  to  dislike  them. 

The  practically  universal  testimony  of  those  who  have 
used  both  the  metric  and  the  Enfrlisli  svstems  is  that  the 
former  is  very  much  the  more  simple  and  convenient  in  every 
way. 

^e  prefer  to  take  the  testimony  of  those  whose  opinions  are 
based  upon  actual  experience  with  both  systems  and  who  are 
therefore  in  a  position  to  draw  comparisons  based  upon  actual 
workincr  knowledo:e  of  both  svstems. 

Again  we  refer  to  such  testimony  at  pages  522  to  528  of  the 
accompanying  discussion. 
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Certain  other  units  will  be  retained,  not  because  they  are  neces- 
sary, but  because  they  are  in  universal  use,  such  as  the  bushel, 
2140.52  cubic  inches,  and  its  binary  sub-divisions  for  measuring 
grain,  and  the  gallon,  231  cubic  inches,  and  its  binary  sub- 
divisions for  measuring  liquids. 

There  is  no  reason  for  the  English  s^'stem  retaining  the  gaHon 
and  the  bushel  except  that  they  are  in  such  common  use.  For 
convenience  of  computation  it  would  be  well  if  the  gallon  were 
21G  cubic  inches,  or  the  cube  of  6  inches,  and  the  bushel  1,728 
cubic  inches,  or  1  cubic  foot. 

The  yard  \vill  necessarily  be  retained  for  measuring  textile 
fabrics  and  yarns,  because  it  is  in  use  in  the  textile  trades  all 
over  the  world.  Three-quarters  of  all  the  cloth  sold  in  the 
world  is  sold  by  the  yard.  It  is  used  in  the  manufacture  of 
cloth  even  in  France.  The  carat,  a  special  unit  for  weighing 
diamonds  and  other  precious  stones,  equals  3.168  grains,  or  0.205 
gramme,  is  in  universal  use  all  over  the  world,  and  no  useful 
purpose  would  be  served  by  abandoning  it.  Troy  weight, 
ounces,  pennyweights  and  grains  is  used  only  for  Aveighing  the 
precious  metals,  and  Apothecaries'  weight,  ounces,  drachms, 
scruples  and  grains  (the  ounce  and  the  grain  being  tlie  same 
in  both,  and  the  grain  =  i^^-q  of  an  avoirdupois  pound)  is  used 
by  apothecaries  and  physicians  for  prescriptions  only.  Both 
Troy  weight  and  Apothecaries'  weight  might  be  abandoned. 


YIII. 


I 


SUPEKIORITY   OF    THE    ENGLISH    SYSTEM.  ^ 

The  English  system  is  per  se  a  better  system  than  the  French 
in  that  it  has 

1.  A  smaller  number  of  units  (when  the  obsolescent  units  are 
discarded). 

2.  The  dimensions  of  the  units  are  more  convenient  for  most 
purposes  of  measurement. 

3.  The  binary  sub-divisions  are  more  convenient  and  more 
quickly  comprehended  by  the  ordinary  mind  than  the  decimal 
sub-divisions  of  the  French  system.  j 

4.  The  names  of  the  units  are  more  easily  memorized. 

5.  The  two  units  of  length,  inch  and  foot,  and  the  binary  sub- 
divisions of  the  inch  give  a  clearer  mental  picture  to  the  average 
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This  again  is  a  mere  statement  of  o})inion,  which  js  by  no 
means  borne  out  by  the  testimony  of  those  who  by  reason  of 
experience  are  competent  to  give  reliable  testimony. 
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man  tluin  the  numerous  units,  with  their  prefixes,  milli,  centi, 
(.loci,  (leca,  hecto,  kilo,  myria,  based  u])on  the  metre. 

The  Eng'lish  system  lias  had  centuries  of  use  with  no  tendency 
to  change  the  dimensions  of  the  fundamental  units,  inch,  foot, 
yard,  and  pound.  The  English  foot  and  inch  are  fixed  in  exist- 
ing measuring  instruments,  gauges,  tools,  patterns,  machines, 
machine  products,  buildings,  and  fixed  in  the  literature  of  the 
language  for  centuries.  They  are  ''irrevocably  tied  to  the 
past. ' ' 

IX. 

INCREASING    TSE    OF    THE    ENGLISH    SYSTEM. 

The  people  who  use  the  English  measures  of  length  in  manu- 
facturing are  more  than  those  w^ho  use  the  metric  measures. 
Their  number  is  increasing  more  rapidly.  The  English  race  is 
increasing  in  numbers  and  in  wealth  at  a  greater  rate  than  any 
other  race.  The  Anglo-Saxons  are  the  great  colonizers.  The 
use  of  their  language  is  becoming  more  common  throughout  the 
world,  its  use  is  growing  faster  than  that  of  any  other  language. 
The  English  language  is  more  likely  than  any  other  to  become 
the  universal  language  of  commerce,  the  one  language  which 
every  educated  person  will  have  to  learn.  The  English  system 
of  measurement  is  an  indestructible  part  of  the  language. 


DIFFICULTY    OF    CHANGING   FROM    THE    ENGLISH    TO    THE    METRIC 

SYSTEM. 

"  The  change  of  the  method  of  measuring  lengths  from  the 
foot  and  inch  system  to  the  metric  system  is  utterly  imprac- 
ticable and  visionary.  If  any  body  of  law-makers  such  as  our 
Congress  should  inflict  such  a  burden  upon  the  people  without 
their  consent,  it  would  be  the  greatest  invasion  of  the  liberties 
of  the  people  which  has  ever  been  attempted  by  a  representative 
government. ' ' 

"  Yes,  first  establish  an  international  money  system,  success- 
fully accomplish  the  reform  in  the  spelling  of  the  English  lan- 
guage, teach  all  the  nations  of  the  earth  to  speak  one  universal 
language,  or  do  any  other  desirable  but  herculean  labor  which 


ri:o-Mi:THic  hki'LY.  G71> 


IX. 

This  statement  is  not  borne  out  by  the  records.  It  is  quite 
certain  that  the  metric  system  is  fast  gaining  ground,  and  it  is 
universally  believed  by  those  who  have  given  tlie  matter  impar- 
tial consideration  that  the  metric  system  is  the  only  one  that  has 
the  least  chance  of  ever  becoming  universally  used  by  all  the 
nations  of  the  earth. 


X. 

TVe  do  not  believe  that  Congress  can  by  law  invade  the  rights 
of  the  people  to  use  any  system  the\^  may  prefer,  and  do  not 
believe  that  anyone  thinks  of  doing  such  a  thing. 

As  to  the  difficulty  of  making  the  change  we  must  again  refer 
to  the  testimony  of  those  who  have  made  the  change  and  who 
say  that  it  is  not  as  difficult  as  usually  imagined^  and  that  it 
results  in  no  serious  disturbance  or  expense.  See  again  the  testi- 
mony of  these  people  at  pages  522  to  52S  of  the  accompanying 
discussion. 

The  '^  transition  period  *'  referred  to  as  a  dreaded  anticipation 
is  alreadv  here,  inasmuch  as  the  metric  svstem  is  now  used  in 
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finds  its  cliief  hindrance  in  the  habits,  traditions  and  prejudices 
of  millions  of  the  human  race,  and  you  may  be  prej)ared  to 
undertake  such  a  revoluticm  as  would  be  the  substitution  of  the 
metre  for  the  two-foot  rule."  (Wm.  Kent,  Tra7i.m<'tions,  En- 
g-ineers'  Society  of  AVestern  Pennsylvania,  vol.  i.,  1880). 

In  conclusion,  we  desire  to  express  our  oi)inion  in  addition  to 
the  arguments  submitted  above,  that  in  view  of  the  testimony 
and  experiences  cited,  the  metric  system  with  all  its  alleged  ad- 
vantages comes  far  short  of  jiieeting  the  requirements  of  a  practi- 
cal system  for  universal  adoption;  that  intrinsically  it  is  not  as 
good  as  the  English  system;  and  that  the  exclusive  adoption  of 
it  by  the  English-speaking  race  is  impracticable. 

William  Kent, 
George  M.  Bond. 


APPENDIX  I.* 

Additional  Reply  to  Paragraph  No.  16  of  the  Pro-Metric  Argument. 

{See  page  641.) 

16.  "The  use  of  the  metric  system  would  not  require  the  alteration  of  many- 
established  standards,  such  as  bolt  or  pipe  threads,  taper  shanks  of  drills,  etc." 

This  statement  requires  some  further  consideration.  In  every  machine  shop 
in  English  speaking  nations  there  are  numerous  tools,  such  as  mandrels,  drills, 
reamers,  etc.,  made  to  standard  sizes  based  upon  binary  divisions  of  the  inch. 
These  are  verified  as  to  size  by  reference  to  standard  plugs,  rings,  gauges,  etc., 
which  are  made  accurate  to  to ooo  inch  or  less,  and  these,  in  the  special  shops 
in  which  they  are  made  for  the  market,  are  verified  by  comparators  mth  micro- 
scopic measurements.  These  standard  tools  are  used  in  the  production  of  mil- 
lions of  articles  of  standard  size,  which  are  interchangeable  throughout  the 
world.  The  adoption  of  the  principle  of  interchangeabilit}^  and  duplication 
of  parts  has  been  one  of  the  chief  causes  of  the  present  leading  position  of  Amer- 
ican manufactures  in  the  markets  of  the  world.  The  principle  has  its  founda- 
tion in  standard  gauges  based  on  the  English  inch. 

The  principal  standard  sizes  below  2  inches  are  the  follo"\Aing,  expressed  in 

*  These  appendices  are  contributed  by  the  anti-metric  half  of  the  committee.    The  pro- 
metric  reply  to  Appendix  XII.  is  inserted  immediately  under  it. 
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our  scitMitilic  work,  and  a.  not  incoiisiderahlo  ))art  of  Uic  indus- 
ti'ial  woi'k  of  \)i)\\\  tliis  count I'v  and  Kuglaud.  It  is  inoic  I're- 
(|U(Mitly  used  in  our  tiu-lmical  literal uro  than  formerly,  without 
tho  achlition  of  the  corrospoiulin*;-  terms  in  Uritisli  units.  These 
facts  indicate  that  we  liave  beg'un  th(»  a(h)j)tion  of  tlie  system. 

James  (-hristik, 
Fked  J.  Miller. 


inches  and  binary  fractions  and  in  the  nearest  metric  dimensions  to  .01  milli- 
metre : 

in.       mm.  in.       mm.  in.       mm. 


fV  =    1.59  -,%  =  14.29  U  =  28.58 

-J-   =    3.18  ^   =  15.88  U  =  31.75 


1%  =  5.76  ii  r=  17.46  If  =  34.93 

i   =  6.85  I   =  19.05  1^  =:  38.10 

-,5,-  =  7.94  il  =  20.64  If  =  41.38 

I    =  9.53  I   =  23.23  1|  =  44.45 


16 
2 


=  11.11  i§  =  23.81  1|  =  47.63 

=  12.70  1  =  25.40  2    =  50.80 


No  ordinary  mechanic  can  memorize  this  table.  He  must  continually  refer 
to  the  table  to  get  the  approximate  metric  equivalents  of  English  sizes,  and  not 
one  of  the  latter  has  an  equivalent  in  even  millimetres. 

Our  metric  friends  in  their  reply  to  our  argument,  section  IV,  p.  667,  say: 
"  A  large  number  of  the  articles  enumerated  would  require  no  immediate  change 
other  than  that  of  name,  until  such  time  as  they  are  superseded  by  new  tools 
of  the  desired  absolute  dimensions.  Old  tools  are  continually  being  displaced 
by  new,  and  now  more  rapidly  than  at  any  pre\ious  period." 

"  No  immediate  change  other  than  that  of  name."  Then  the  one  hundred 
and  twenty-nine  articles  or  sets  of  articles  used  in  producing  one  size,  viz.,  1^ 
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inch,  in  th(>  shop  of  Wm.  Sollors  &  Co.,  instead  of  being  named  "  inch-and-a- 
qinirter"  would  rcciuire  an  iniiTu^diate  eliange  of  name  to  "  thirty-one  point 
seventy-five  milUmetres,"  or,  say,  "thirty-two  milUmetres"  for  short,  until 
the  one  hundnKi  and  twenty-nine  articles  "  are  superseded  by  new  tools  of  the 
desired  absolute  dimensions,"  say  30  or  32  millimetres,  as  may  be  decided  upon 
as  being  a  dc^sirable  absolute  dimension. 

"  Old  tools  are  continually  being  displaced  by  new."  Yes,  but  they  are  be- 
ing displaced  by  new  tools  based  upon  tlu;  same  old  unit  of  measurement,  the 
English  inch. 

The  above  statement  of  our  m(>tric  friends  means  that  "  the  adoption  of  the 
metric  system  will  require  two  things: 

1.  An  immediate  change  of  name  of  our  existing  standard  sizes,  naming  them 
by  their  approximate   dimensions   in   millimetres. 

2.  Finally  superseding  our  present  standard  sizes  of  tools  by  new  tools  of 
absolute  dimensions  in  millimetres.  The  first  change  will  simply  introduce 
confusion  and  error  in  calling  things  by  wrong  names,  and  the  trouble  of  learn- 
ing the  new  names,  such  as  9.53  millimetres  for  the  old  |  inch. 

The  second  change,  if  it  were  possible  to  accomplish  it,  means  not  only  the 
destruction  of  our  presont  standards,  but  the  abandonment  of  our  present  sys- 
tem of  interchangeability  of  parts,  and  the  adoption  of  a  different  one.  The 
change  could  only  be  made  gradually,  if  at  all,  and  during  the  transition  period, 
which  would  last  for  at  least  two  generations,  we  would  have  the  "  two  systems 
side  by  side,  with  the  resulting  confusion." 

If  the  metric  system  were  adopted  in  this  country  the  machine  shops  would 
be  compelled  to  have  two  sets  of  standards,  the  first  to  be  used  in  making  ar- 
ticles to  fit  existing  articles,  or  to  fill  orders  in  which  the  dimensions  are  in  the 
old  system ;  the  second  to  be  used  in  filling  orders  to  absolute  metric  dimensions. 
Instead  of  four  reamers,  -t'^,  ^^,  tV  and  %  inch,  we  would  have  the  nine  following: 
millimetres,  7.94,  8,  9,  9.53,  10,  11,  11.11,  12,  12.70;  thus  there  would  be  two 
metric  reamers  between  -i\-  and  %  inch,  two  between  %  and  -j^-  inch,  and 
one  between  -jV  ^rid  14,  inch. 

The  machinist  now  has  sixteen  sizes  of  mandrel  up  to  1  inch;  he  would 
require  twenty-five  additional  ones,  up  to  25  millimetres,  if  he  used  both  systems. 
But  if  twenty-five  sizes  are  too  many,  how  many  standard  sizes  would  he  use 
between  0  and  25  millimetres?  He  might  use  ten  with  23^-millimetre  intervals, 
five  wdth  5-millimetre  intervals,  or  four  with  63=^-miUimetre  intervals,  but  with 
four  sizes  three  of  them  would  not  be  in  even  millimetres,  and  with  ten  sizes 
five  of  them  w^ould  not  be  in  even  millimetres,  so  that  seven  fractional  sizes, 
2.5,  6.25,  7.5,  12.5,  17.5,  18.75,  22.5  millimetres,  would  be  needed  in  addition 
to  the  even  millimetre  sizes.  In  the  English  system,  four  sizes  to  the  inch  may 
be  used,  four  more  give  intervals  of  ^  inch,  and  eight  more  yV  inch,  and  so  on, 
each  larger  size  being  an  even  multiple  of  a  smaller. 

What  advantage  does  the  metric  system  offer  the  people  of  the  United  States 
to  compensate  them  for  the  abandonment  of  its  standards,  or  for  the  confusion 
resulting  from  having  two  standards  side  by  side? 
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APPENDIX   ir. 

Note  on  the  Suggested  Retention  of  JON(ii.i.sii  Standard  Sizes  with  Metric 

Names. 

It  is  proposed  by  sonu>  of  (he  .'Klvocjifcs  of  tlic  Miclric  syslciii  dial  in  order 
to  avoid  the  trouble  and  eonlusion  eonseqiieiit,  upon  the  abaiidoinncnt  of  our 
present  niaeliine-shop  standard  sizes,  we  retain  tlies*'  sizes  and  call  tlicm  1)\- 
tlie   nani(>s  of  the  nearest   e(jui\alent    dimensions  in   millimetres. 

Such  a  course  has  not  Ikm^i  pursued  even  by  those  shops  which  haxc  adopted 
the  system  either  in  whole  or  in  part.  The  injector  department  of  Wm.  Sellers 
it  Co.,  The  Walthain  Watch  Co.,  Willans  &  Robinson,  and  other  manufac- 
turers whose  use  of  the  metric  system  has  been  cited,  did  not  introduce  it  by 
retaining  old  standard  sizes  and  giving;  them  new  names,  but  by  the  abandon- 
ment of  the  English  standards. 

How  is  it  possible  that  the  metric  system  can  be  introduced  into  a  shoj)  in 
the  way  proposed?  Here  are  a  few  of  the  difhculties:  A  standard  gear-wheel 
size  is  six  diametral  pitch,  UK^aning  six  teeth  to  each  inch  of  diameter.  Will 
any  one  give  it  a  new  name  and  say  six  teeth  per  25.4  millinu'tres  or  twenty- 
four  teeth  per  101.6  millimetres? 

A  114-inch  bolt  has  seven  threads  to  an  inch.  Shall  we  call  it  a  31.75-milli- 
metre bolt  and  say  it  has  seven  threads  to  each  25.4  millimetres,  or  shall  we 
call  it  a  32-millimetre  bolt,  scant,  and  say  its  pitch  is  3. 03  millimetres  nearly? 

Here  is  a  comparison  of  standard  sizes  of  water  pipe,  as  taken  from  a  French 
and  an  American  reference  book.  An  inspection  of  it  shows  that  the  American 
list  is  superior  as  a  commercial  standard,  for  it  has  fewer  sizes  and  there  is  a 
conformity  in  the  difference  between  sizes,  which  the  French  list  lacks.  Shall 
we  call  a  12-inch  pipe  a  30-mm.pipe,  or  a  SOj^-mm.  (12  inches  =  30.48  millimetres), 
and  shall  we  figure  its  discharge  by  French  rules  and  get  the  result  in  cubic 
metres,  or  shall  we  take  its  discharge  in  cubic  feet  from  American  tables  and 
translate  the  result  into  cubic  metres?  A  short  sample  of  the  French  and  Amer- 
ican tables  is  given  to  show  some  of  the  figures  that  would  have  to  be  handled 
in  the  metric  system: 

Standard  Nominal  'Sizes  of  French  and  American   Water  Pipe  Compared. 

American 


M. 

— French  Sizes. 
Diff.         In 

approx. 

Size 
Inchc 

0.05 

.  . . 

1.97 

2 

.06 

.01 

2.36 

2i 

.07 

.01 

2.76 

3 

.08 

.01 

3.15 

.09 

.01 

3.54 

.10 

.01 

3.94 

4 

.11 

.01 

4.33 

.13 

.01 

4.72 

5 

.14 

.03 

5.51 

.15 

.01 

5.91 

6 

.16 

.01 

6.30 

.18 

.03 

7.09 

7 

.20 

.02 

7.87 

8 

=23 

.03 

8.66 

9 

American 

/ 

— Fkencii 

Sizes. 

■X      Sizes. 

M. 

Diff. 

In.  api)rox. 

Inches. 

0.24 

0.03 

9.45 

.25 

.01 

9.84 

10 

.28 

.03 

11.02 

11 

.30 

.02 

11.81 

13 

.32 

.02 

12.60 

13 

.35 

.03 

13.78 

14 

.38 

•      .03 

14.96 

15 

.40 

.02 

15.75 

16 

.42 

.02 

16.54 

.4,5. 

.03 

17.72 

18 

.48 

.03 

18.90 

.50 

.02 

19.69 

30 

.55 

.05 

21.65 

S3 

.60 

.05 

23.63 

34 
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Discharge  of  Water  Through  Pipes. 

(From  FrcricJi  Tnhle.) 

l)i;inioi(^r  of  tlic  pipe   0  iii    .Or) 

Section       "     "        "     0  in' .00 HHI^f) 

Mojin  volo('iti(>s,  met  res  jxT  second   0.005  0.01  0.02  otc. 

Discharji^c,  litres  per  second 0.0098  0.019         0.039  etc. 

Charge  per  metre  in  length ni.  0.000007G       O.OOOOIGG  etc. 

Diameter  of  the  pipe  0  m.    50 

Section     "     "       '\    0  m^  19G.35 

Mean  velocities,  metres  per  second       1  1.05           1.10  etc 

Discharge,  litres  per  second 180 .  95  1 .  90       199 .  05  etc 

Charge  per  metre  of  length m.  0.0030  0.0033        0.003G  etc. 

{From  American  Tables.) 

Flow  for  a  Uniform  Velocity  of  100  Feet  per  Minute. 

Diameter.  Area  in  Flow  in  Cubic  Flow  in  Gallons  Flow  in  Gallons 

Inches.  Square  Feet.        Feet  per  Minute.  per  Minute.  per  Hour. 

2  0.2182  2.182  16.32  .979 

20  2.182  218.2  1632.  97.920 

Given  the  diameter  of  a  pipe  in  inches  to  find  the  quantity  in  gallons  it  will 
deliver  at  a  velocity  of  100  feet  per  minute.  Square  the  diameter  and  multiply 
by  4.08. 

Given  the  diameter  of  a  pipe  or  cylinder  in  inches  to  find  its  contents  per 
inch  of  length  in  U.  S.  gallons.   Square  the  diamster  and  multiply  by  0.0034. 

Comparison  of  English  and  Metric  Measures. 
Inches. 


0  M        >< 

1  1           1 

¥ 

1 

1 

IM 

1 

IM 

1 

1?{         2 

i            T 

1 

3 

1 

3K 

1 

0       5       10 
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30 
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Fig.  116. 
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Comparison  of  English  and  French  Pipe  Sizes,  C.a.st  Iron. 

Inches. 
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Millimetres. 

Fig.  11-7. 


APPENDIX  III. 

Concerning  the  Change  in  Measurement  of  Type.      (See  Sec.  IV,  p.  6G7.) 

The  change  made  by  the  printers  was  not  from  a  standard  based  upon  the 
English  inch  to  one  based  on  another  system,  but  was  a  change  from  an   unsci- 


Ji 
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riitific  to  a  scuTitific  moasunMiicnt  and  iioinciiclaliirr  hascd  \i\n)U  llic  l-ji^lisli 
inch.  Vho  point  was  defined  as  tli"  72d  pail  ot"  an  incli.  instead  of  Ixin^  <'<jual 
to  tile  old  I'reneli  )i«int.  winch  was  e((tial  to  .-ihoui  I  ^\^  American  points, 
and  tl»e  sexcrai  si/(>s  of  type  w  r!>  naniefi  (l-jx'int,  7-j)oint,  S-pdinj,  etc.,  instead 
ot"  tlieir  former  names,  lumpan  il.  minion.  ln-e\icr,  etc.  So  ^reat  is  the  forc(; 
of  cnstoni,  howexcr,  that  twenty  years  after  tlie  adoj)tion  hy  the  typ<'  founders 
of  tlie  new  syst(Mn  the  old  names  still  survive  in  the  trade,  and  often  <  reate  soiiie 
trouble   in   printing  offices. 

APPENJnX  IV. 

Use  of  the  Metric  System  hy  Electrical  Engineers. 

Electrical  enjiineers  are  said  to  he  largely  using  the  metric  system.  They 
are  in  fact  using  a  mongrel  system,  comprising  the  C.  G.  S.,  or  absolute  system, 
the  metric  system  with  the  centimetre  instead  of  the  millimetre  as  the  unit, 
English  feet,  inches  and  square  inches,  and  several  difTerent  wire  gauges.  In 
a  pamplilet  on  dynamo  design  recently  published  are  found  the  following: 
Lengths,  thickness,  etc.,  34.9,  20.85,  0.05,  0.706  and  1.16  centimetres. 
Speeds,  1,300  and    1,735   centimetres  per  second,   3,500   feet    per  minute, 

50  feet  per  second. 
Areas,    3,242    square    centimetres,    2.2  watts    per    square,  inch    (  =  0.341 

watts  per  square   centimetre),   600   circular   mils   per  ampere. 
Volume,  3,8S0  cubic  centimetres. 
Resistance  of  1  centimetre  of  No.  6  B.  W.  G. 
Lines  of  force,  7,800  per  square  centimetre. 
This  is  a  sample  of  the  confusion  that  has  already  result(>d  from  the  intro- 
duction of  the  metric  system  into  English  literature  on  electrical  engineering. 
Before  a  dynamo  can  be  l)uilt  in  any  ordinary  American  machine  shop  the  met- 
ric sizes  have  to  be  translated,  thus:     1,735  centimetres  =  56.9  feet;   34.9  cen- 
timetres =   13.75  inches;  0.05  centimetres  =  0.02  inches;    3,242  square  centi- 
metres =  502.5  square  inches;  3,880  cubic  centimetres  =  236.7  cubic  inches. 


APPENDIX  V. 

(Extracts  from  the  Report  of  John  Quincy  Adams  to  Congress,  1821.) 

"The  French  metrolog}-,  in  the  ardent  and  exclusive  search  for  an  uni\ersal 
standard  from  nature,  seems  to  have  viewed  the  subject  too  much  with  ref- 
erence to  the  nature  of  things,  and  not  enough  to  the  nature  of  man.  Its  au- 
thors do  not  appear  to  haxe  considered,  in  all  the  bearings  of  the  system,  the 
proportions  dictated  by  nature  between  the  physical  organization  of  man,  and 
the  unit  of  his  weights  and  measures.  The  standard  taken  from  the  admeas- 
urement of  the  earth  had  no  reference  to  the  admeasurement  and  powers  of 
the  human  body.  The  metre  is  a  rod  of  forty  inches;  and  by  applying  to  it 
exclusiveh'^  the  principle  of  decimal  di\isions,  no  measure  corresponding  to  the 
ancient  foot  was  provided.  A  unit  of  that  denomination,  though  of  slightly 
varied  differences  of  length,  was  in  universal  use  among  all  ci\ilized  nations: 
and  the  want  of  it  is  founded  in  the  dimensions  of  the  human  body."  (Page  70.) 
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"  Tt  appears  also  not,  to  have  boon  fonsidennl,  that  dcH'iinal  aritliinotic,  although 
affording  great  facilities  for  the  computation  of  numbers,  is  not  equally  well 
suited  for  the  division  of  material  substances.  A  glance  of  the  eye  is  sufficient 
to  divide  material  sul)stances  into  successive  halves,  fourths,  eighths  and  six- 
teenths. A  slight  attention  will  give  thirds,  sixths  and  twelfths.  But  divisions 
of  fifth  and  t(mth  parts  are  among  the  most  difficult  that  can  be  performed 
without  the  aid  of  calculation.  Among  all  its  conveniences,  the  decimal  sys- 
tem has  the  great  disadvantages  of  being  itself  divisible  only  by  the  numbers 
two  and  five.  The  duoch^'imal  division,  divisible  by  two,  three,  four  and  six, 
would  offer  so  many  ad\antages  over  it,  that  while  the  French  theory  was  in 
contemplation,  the  question  was  discussed,  whether  the  reformation  of  weights 
and  measures  should  not  be  extended  to  the  system  of  arithmetic  itself,  and 
whether  the  number  twelve  should  not  be  substituted  for  ten,  as  the  term  of 
the  periodical  return  of  the  unit."     (Page  71.) 

"  The  advantages  of  the  English  system  might,  however,  be  with  ease  adapted 
to  that  of  France,  but  for  the  exclusive  application  in  the  latter  of  the  decimal 
arithmetic  to  all  its  multiples  and  subdivisions.  The  decimal  numbers,  ap- 
plied to  the  French  weights  and  ineasures,  form  one  of  its  highest  theoretic 
excellencies.  It  has,  however,  been  proved  by  the  most  decisive  experience 
in  France,  that  they  are  not  adequate  to  the  wants  of  man  in  society:  and, 
for  all  the  purposes  of  retail  trade,  they  have  been  formally  abandoned.  The 
convenience  of  decimal  arithmetic  is  in  its  nature  merely  a  convenience  of  cal- 
culation: it  belongs  essentially  to  the  keeping  of  accounts;  but  is  merely  an 
incident  to  the  transactions  of  trade."     (Page  81.) 

"  From  the  verdict  of  experience,  therefore,  it  is  doubtful  whether  the  ad- 
vantage to  be  obtained  by  any  attempt  to  apply  decimal  arithmetic  to  weights 
and  measures  would  ever  compensate  for  the  increase  of  diversity  which  is  the 
unavoidable  consequence  of  change.  Decimal  arithmetic  is  a  contrivance  of 
man  for  computing  numbers  and  not  a  property  of  time,  space  or  matter. 
Nature  has  no  partialities  for  the  number  ten;  and  the  attempt  to  shackle  her 
freedom  with  them  will  forever  prove  abortive.' '     (Page  85.) 


APPENDIX  VI. 

From  Editorial  in  the  "  N.  Y.  Times,"  March  3,   1902. 

''The  unsuccess  which  has  attended  the  efforts  to  popularize  the  metric  sys- 
tem in  Great  Britain  and  the  United  States  continues  to  be  for  its  advocates 
a  perennial  source  of  surprise  and  regret.  Its  advantages  have  been  explained 
so  often  and  so  fully  that  nothing  remains  to  be  said  in  favor  of  it ;  but  the  fact 
remains  that  it  does  not  interest  either  the  English  or  the  American  Nation. 
They  will  work  to  metric  scales,  gauges,  and  templets  when  they  have  to,  but 
for  some  reason  which  it  would  be  difficult  to  explain  satisfactorily  to  the  ad- 
vocates of  the  metric  system,  the  Anglo-Saxon  mind  does  not  adapt  itself  to 
the  decimal  progression  in  measurements  of  dimensions.  Those  brought  up 
on  the  units  of  the  inch,  the  foot  and  the  yard  admittedly  find  them  more  con- 
venient in  mental  calculations  than  the  centimetre,  decimetre,  and  metre  ever 
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booomo.  The  convcniont  folding  of  the  two-foot  rule  into  halves  and  quarters 
of  the  foot  is  a  natural  process  of  subdivision  of  the  unit  which  is  inipossihie 
with  one  suhdi\ided  into  tenths.  The  constantly  cited  illustration  of  inir  coin- 
a|::e  as  showinji  that  we  take  naturally  to  the  metric  system  in  subdividing  our 
measun^  of  values,  is  not  con\  incing.  The  dollar  is  a  conijirehensihle  unit, 
but  while  we  divide  it  into  tenths  and  hundredths  in  calculation,  we  much  more; 
naturally  think  of  its  subdivision  into  halves  and  quart-ers,  and  but  for  the  in- 
trusion of  these  coins  into  what  would  otherwise  be  a  ^trictly  metric  subdivi- 
sion of  the  dollar  our  subsidiary  coinage  would  be  very  much  less  convenient 
and  acce])table  than  we  find  it.  The  twenty-cent  piece  was  a  failure.  Its  coin- 
age was  a  concession  to  the  advocates  of  the  metric  sj'stem;  its  withdrawal 
was  necessitated  by  the  fact  that  all  classes  of  our  {people  preferred  the  quarter 
dollar,  and  the  two  coins  could  not  circulate  together  without  creating  endless 
confusion." 

APPENDIX  VII. 

Action  Taken  by  the  National  Association  of  Manufacturers  Tejrough 

Their  Committee  on  Resolutions,  at  the  Annual  Meeting 

HELD    in    Indianapolis,    August,     1902. 

"It  appears  to  the  association,  first,  that  the  compulsory  adoption  of  the 
metric  system  would  probably  affect  the  manufacturing  interests  of  this  country 
as  follows:  One-third  who  are  exporters  to  European  countries  and  dependen- 
cies would  be  benefitted;  one-third  who  do  business  in  this  country  and  all  other 
countries  would  neither  be  benefitted  nor  greatly  injured;  one-third  who  do 
business  in  this  countr}-  and  in  England  and  dependencies,  would  be  seriously 
injured.     For  all  this  the  expense  and  inconvenience  would  be  very  great. 

"  In  view  of  these  conditions  and  of  the  further  fact  that  the  metric  system 
is  already  legalized  for  the  use  of  those  who  find  it  profitable,  this  association 
recommends  that  no  further  action  be  taken  on  this  matter  at  this  time." 

commented  on  by  the  editorial  in  the  "  NEW'  YORK  TIMES,"  OF  APRIL  25,  1902, 

AS  FOLLOWS : 

"This  may  be  brief!}-  supplemented  by  saying  that  those  who  find  the  metric 
system  convenient  in  foreign  business  relations  use  it  now;  that  those  who  dis- 
co-ver  any  advantage  in  using  it  are'  perfectly  at  liberty  to  do  so,  and  that  those 
who  do  not  want  to  use  it  for  any  and  all  of  the  countless  good  reasons  which  have 
been  urged  against  it  by  representative  manufacturers  and  engineers  should 
not  be  required  to,  at  incalculable  cost  and  inconvenience.  Congress  should 
let  this  matter  alone.  If  the  metric  system  has  the  advantages  claimed  for  it, 
the  increasing  use  of  it  b}'  the  American  people  ^ill  render  legislation  unneces- 
sary-." 

FROM     THE     REPORT     OF     COMMITTEE     ON     WEIGHTS    AND     MEASURES,    NATIONAL 
ASSOCIATION    OF    MANUFACTURERS,    APRIL   9,    1903. 

To  THE  National  Association  of  Manufacturers: 

In  accordance  with  instructions,  your  Committee  on  Weights  and  Measures  has 
submitted  to  the  members  of  the  Association  a  series  of  questions  Tsith  a  Wew  to 
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asc'ortaininp;  their  viows  ropjardinp;  tlio  poneral  advisahility  of  tho  adoption  of  the 
metric  system  l*y  this  country,  and  specifically  rejjjardiiif;  the  d(^sirability  of  the 
passag;o  of  the  bill  reported  to  the  last  Congress  by  the  House  Committee  on  Coin- 
age, Weights  and  Measures,  and  we  submit  as  our  report  the  following  summary 
of  the  replies : 

The  total  number  of  n^plic^s  received  was  264.  In  some  cases  some  of  the  ques- 
tions were  passed  over  without  reply  and  in  others  the  answers  to  some  of  the 
questions  were  too  uncertain  in  ton(^  to  permit  their  being  treated  as  categorical 
answers.  We  have  in  the  following  sunnnaiized  tlu;  answers  to  the  best  of  our 
ability  and  have  endeavored  to  show  by  examples  how  some  of  the  less  clear 
answers  have  been  treated  in  the  classification.  No  interpretation  of  these  ^  otes 
would  materially  change  the  result. 

Question  No.  1. — Would  the  adoption  of  the  metric  system  tend  to  increase 
foreign  business  in  the  line  you  represent? 

The  answers  to  this  question  are  as  follows : 

Yes GO 

No 175 

Non-committal 12 

Question  No.  2. — Would  the  adoption  of  the  metric  system  be  beneficial  to 
domestic  business  in  the  line  in  which  you  are  engaged? 
The  answers  to  this  question  are  as  follows: 

Yes 34 

No 206 

Non-committal , 4 

Question  No.  3.— W^ould  the  adoption  of  the  metric  system  b}^  our  govern- 
ment, for  any  or  all  of  its  departments,  including  customs  houses,  arsenals,  navy 
yards  and  public  works,  be  detrimental  to  your  business? 

The  answers  to  this  question  are  as  follows: 

Yes 98 

No 137 

Non-committal 2 

The  answers  to  this  question  must  of  course  be  viewed  in  the  light  of  the  fact 
that  many  manufacturers  do  no  business  with  the  Government,  and  all  such 
would  necessarily  answer  no. 

Question  No,  4. — Would  it  induce  the  adoption  of  the  metric  S3'stem  by 
manufacturers  and  others  in  pri^'ate  transactions? 

The  answers  to  this  question  are  as  follows : 

Yes 109 

No  .... 100 

Non-committal 26 

Question  No.  5. — If  our  export  business  should  largely  increase  with  coun- 
tries using  the  metric  system — 

(a)  Would  such  increased  business  lead  them  to  accept  our  English  measure- 
ments with  less  objection  than  hitherto;   or, 

(6)  Would  it  lead  to  the  introduction  of  the  metric  system  by  this  country 


I 
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iiiulcr  the  opcralioji  of  lli(>  ii;i(ur;il  laws  of  snj)i)Iy  and  (Iciuand,  ui(  lioul,  fiirtlicr 
It'flislation? 

'Ihv  answers  (o  (nicslion  (a)  arc  as  follows: 

V»'s 77 

No SI 

Non-('oinini( tal 23 

The  answers  (o  ((ucstion  (h)  arc  as  follows: 

•     Yes 105 

No 92 

Non-conmuttal 25 

Question  No.O. — Assuming;  tlio  d(^siral)ility  of  an  intornational  syst'in  of 
wciijlits  and  measures,  it  is  of  sufficient  consequence  to  justify  incurring  the 
following  acknovv'ledgcd  disadAantages : 

(a)  Tlie  abandonment,  or  necessity  for  re-writing,  all  non-metric  engineering 

literature? 

(b)  Changing  our  small  tools  and  standard  gauges  now  based  upon  the  standard 

inch? 

(c)  Abandoning  the  inch  with  its  binary  divisions  in  common  use,  such  as  the 
half,   quarter,  eighth,  sixteenth,   thirt3'-second,  sixty-fourth,   and  the  decimal 

divisions  of  the  inch? 

(d)  Abandoning  the  present  standard  screw  threads  which  are  based  upon  the 

inch? 

The  answers  to  question  (a)  are  as  follows : 

Yes 55 

No 153 

Non-committal 13 

The  answ-ers  to  question  (b)  are  as  follows : 

Yes 47 

No 150 

Non-committal 12 

The  answers  to  question  (c)  are  as  follows : 

Yes 50 

No 151' 

Non-committal 10 

The  answers  to  question  (d)  are  as  follows : 

Yes 49 

No 152 

Non-committal , 9 

Question  No.  7. — Should  Congress  enact  any  law-  to  enforce  the  use  of  the 
metric  sj^stem  in  any  of  the  departments  of  the  Government? 
The  answers  to  this  question  are  as  follows: 

Yes 51 

No 156 

Non-committal 6 
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Question  No.  8. — Tn  \ww  of  tlic  fact  lliat  tlio  motric  system  was  l('p;alizcd  by- 
Act  of  Conpjress  in  18()G,  and  has  tlierofore  Ijecn  on  a  legal  equality  with  the  Eng- 
lish for  thirty-six  years,  to  what  extent  have  you  made  use  of  it  and  what  has  been 
your  practical  experience  with  it? 

The  answers  to  this  question,  while  not  always  in  the  following  words,  ma}'-  be 
classified  as  follows: 

•  None 132 

Practically  none 8 

Very  little 15 

To  a  limited  extent  and  in  a  few  instances 8 

In  soine  departments 2 

In  one  department 2 

In  laboratory 5 

In  foreign  business  (export  or  import) 27 

In  special  cases  or  when  required 13 

In  correspondence 3 

Some 3 

Largely 1 

Whenever  possible , 1 

Non-committal 3 

The  report  is  signc  d  by, 

Theodore  C.  Search,  Chairman. 
William  Sellers, 
Alba  B.  Johnson, 
James  M.  Dodge. 
Committee  on  Weights  and  Measures  of  The 
National  Association  of  Manufacturers. 


APPENDIX  VIII. 

Reproduction  of  a  Letter  Appearing  in  the  Boston  Transcript,  December 

16,  1902,  Replying  to  a  Defence  of  the  Metric  System  from  an 

Engineer's  Standpoint  by  President  Pritchett,  of  the 

Massachusetts  Institute  of  Technology: 

".     .     .     From  a  textile  standpoint  I  wish  to  submit  the  following  facts: 

1.  In  1900  the  textile  industry  of  the  United  States  stood  first  in  the  number 
of  employees  and  third  in  the  value  of  the  finished  product,  the  figures  for  the 
three  leading  industries  being: 

Workers.  Value  of  Product. 

Textile 1,029,910  $1,637,484,484 

Iron  and  Steel 733,968  1,793,490,908 

Food  Products 313,909  2,277,702,010 

2.  The  English  yard-pound  is  now  the  exclusive  standard  for  all  branches 
of  the  textile  industry  in  English  speaking  and  other  countries,*  which  include 
about  three-fourths  of  the  world's  textile  industry. 

*  India,  Russia,  China  and  Japan,  which  are  not  English-speaking  countries,  but  which 
have  the  weights  and  measures  of  their  textile  industries  on  the  English  basis. 
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'A.  Ihc  English  yaixl-pound  is  (lie  cliicr  tcxtilr  sl.ind.ird  for  s()-<;illr<|  inchic 
Euroix\ 

4.  With  tlio  oxcrption  of  a  local  and  relatively  insifiiiificanl  Austrian  stand- 
ard, the  English  yard-pound  is  the  exclusive  standard  lor  the  linen  and  th(! 
jute  industries  for  the  whole  work!. 

5.  M.  Paul  Lmnoitior  (extracts  from  his  article  havinpj  been  given),  a  French 
textile  manufacturer  and  writ(>r,  in.  a  n^'cnt  issue  of  Vhulustrle  Tcrlilr,  Paris, 
the  loading  textile  journal  of  l-Vance,  confesses  that  the  attempt  carried  on  for 
over  one  hundred  years  to  force  tiie  French  people  to  use  the  metric  units  in  tlu; 
textile  industry  has  failed.  The  conclusion  cannot  be  avoided  that  the  pro- 
posed attempt  to  introduce  the  metric  system  into  this  liighly  organized  in- 
dustry of  the  Ignited  States  is  doomed  to  failure,  and  can  only  result  in  the 
hopeless  confusion  that  accompanies  the  concurrent  use  of  two  or  mon^  incom- 
mensurable units,  such  as  the  yard-pound  and  the  kilogram-mot  re. 

I  ask  the  attention  of  the  textile^  manufacturers  to  the  following  questions: 

1.  Is  a  common  system  of  weights  and  measures  for  the  whole  textile  world 
a  desirable  thing  to  retain?  If  not,  then  the  discussion  is  ended  and  there  can 
be  no  objection  to  plunging  into  the  European  chaos  of  weights  and  measures. 
If  it  is  desirable,  then  the  next  question  to  be  settled  is: 

2.  Are  the  benefits  of  the  universal  system  of  textile  weights  and  measures 
now^  in  its  possession  sufficient  to  justify  a  country  (say  the  United  States) 
in  refusing  to  surrender  that  system  and  adopt  another,  which  France  has  tried 
in  Aain  for  more  than  one  hundred  years  to  adopt,  and  which  is  admittedly 
inferior  in  many  respects  to  its  ow7i? 

These  are  the  really  serious  questions  for  the  textile  industry.  Any  view 
of  the  proposed  change  in  our  weights  and  measures  taken  from  the  standpoint 
of  any  one  industry,  or  profession,  no  matter  how^  important,  is  out  of  perspective 
in  that  it  makes  the  w^hole  subordinate  to  a  part.  The  interests  of  the  masses 
have  been  lost  sight  of  in  the  discussion  of  the  metric  question,  and  yet  the}', 
the  plain  people,  would  be  most  affected  by  any  change  in  our  weights  and 
measures. 

Twice  only  in  the  history  of  this  country  has  a  broad  and  thorough  investi- 
gation of  the  metric  sj'^stem  been  made  for  the  public  benefit.  The  first  time, 
John  Quincy  Adams,  at  the  request  of  Congress,  spent  four  years,  from  1817- 
1821,  in  this  work.  The  second  time  (1866-72),  a  committee  of  the  Univer- 
sity Convocation  of  the  State  of  New  York,  at  the  request  of  Hon.  John  A. 
Kasson,  chairman- of  the  House  Committee  on  Coinage,  Weights  and  Measures, 
studied  the  question  for  four  years. 

The  decision  in  both  cases  was  against  the  introduction  of  the  metric  system 
into  the  United  States. 

APPENDIX  IX. 

The  Metric  System  :    A  Big  Job  for  a  Literary  Engineer. 

CONDENSED    FROM    A    LETTER    IN    "  ENGINEERING    NEWS,"    FEBRUARY    19,    1903. 

There  are  two  serious  objections  to  the  adoption  of  the  metric  system  by  the 
nations  using  the  English  units.  These  objections  are:  (1)  That  the  mil- 
lions of  people  in  the  United  States  and  England  have  stored  in  their  memories 
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facts  and  figures  wliicli  arc  based  on  tlio  incli  as  the  unit  of  moasuromcnt,  and 
they  can  neitlier  forg(>t  them  nor  mentally  translate  them  into  metric  units. 
(2)  That  every  book,  newspaper,  trade  journal,  trade  catalogue,  etc.,  which 
they  are  in  the  hal)it  of  Heading  or  r(;f(^rring  to  is  printc^d  in  the;  English  language, 
and  the  English  system  of  measurement  is  part  of  this  language. 

During  the  transition  period,  which  might  last  fifty  to  a  hundred  years,  there 
would  be  two  kinds  of  measurement  literature  produced  and  studi(!d:  (1)  transi- 
tion literature,  (2)  metric  literature.  The  transition  literature  would  have 
both  the  English  and  the  metric  systems  on  the  same  page  or  on  adjacent  pages. 
Thus,  under  the  head  of  electrical  wiring  we  would  have  two  tables  of  resist- 
ances of  different  metals,  with  headings  as  follows: 

French:     Specific    resistance    in    microhms-centimetres;     resistance    of    1 

metre  weighing  1  gramme;   resistance  of  100  metres  of  1  mm.  diameter. 

English:     Specific  resistance,  copper  =  100;    resistance  in  ohms  per  mil.- 

foot. 

We  would  also  have  tables  of  resistances,  etc.,  of  copper  wires,  with  the  following 

headings : 

French:     No.  of  the  decimal  gauge,  diameter  in  millimetres,  section  in  mm.^, 
weight  in  grammes  per  metre,  resistance  in  ohms  per  kilometre,  length 
in  kilometres  per  ohm. 
English :     American  wire  gauge,  Birmingham  wire  gauge,  diameter,  inches ; 
area,  circular  mils. ;    weight,  lbs.  per  ft.;    weight,  lbs.  per  ohm;    length, 
ft.  per  ohm;    length,  ft.  per  lb.;    resistance,  ohms  per  lb.;    resistance, 
ohms  per  ft. 
Together  with  these  there  would  be  a  set  of  conversion  tables  for  converting 
pounds  per  foot  into  kilogrammes  per  metre,  ohms  per  kilometre  into  ohms  per 
foot,  etc. 

Then  we  would  have  tv/o  different  steam  tables,  five  lines  of  each  of  which 
would  appear  as  follows: 


a. 
1.0 
1.1 
1.2 
1.3 
1.4 


b. 

99.09 
101.76 
104.24 
106.55 

108 . 72 


c. 

99.58 
102.28 
104.79 
107.14 
109.34 


d. 

636.72 
637 . 54 
638 . 29 
639.00 
639 . 66 


e. 
537.15 
535 . 26 
533 . 50 
531.86 
530 . 33 


f. 
1.701 
1.555 
1.433 
1.329 
1.239 


g- 
0.587 
0.643 
0.697 
0.752 
0.806 


a.  Pressure   Tabsolute)  kg.  per  sq.   cm. 

b.  Temperature,     C. 

c.  Heat  of  the  liquid. 

d.  Total  heat. 

e.  Heat  of  vaporization. 

f.  Volume,  cu.  m.  per  kg. 

g.  Specific  weight,  kg.  per  cu.  m. 


h. 
0 

0.304 
1.3 
2.3 
3.3 


1. 
14 
15 
16 


J- 
212. 

213.0 

216.3 


k. 
180.9 
181.9 
185.3 


1. 
1,146.6 
1,146.9 
1,147.9 


m.  n. 

965.7  26.36 

965.0  25.87 

962.7  24.33 


17  219.4   188.4   1,148.9   960.5   22.98 

18  222.4   191.4   1,149.8   958.3   21.78 


o. 
.03794 
.03868 
.04110 
.04352 
.04592 


co.M.Mi  rri:i:  kkpokt  on    riii;  mktkic  systkm.  (;!»:> 

h.  Gapt^  prcssun*,  Ihs.  jxt  s(|.  inch. 

i.  Al)s.  pn*ssun\  ll)s.  |X'r  s<j.  inch, 

j.  TciuixTMliin',  °l\ 

k.  Total  licat  ahovp  32°  in  the  water. 

1.  Total  heat  above  32°  in  the  steam, 

m.  Latent  lieat   in  the  steam. 

n.  Volunie,  eu.  ft.  j)er  II). 

o.  Weijjht,  lbs.  per  eu.  ft. 

Under  the  st(>ani  tables  it  would  he  explained  that  pressures  of  steam  in  met- 
ric countries  ar(>  commonly  expivssed  in  atmospheres,  but  that  modern  writers  ex- 
pn^ss  them  in  ki!oi2;rammes  por  centimetre,  and  tliat  1  kilogranune  jmt  s(|uare 
centimetre  is  nearly  but  not  quite,  an  atmosphere.  A  conversion  table  would 
be  giv(>n  in  style  something  like  the  followinp;: 

1  atmosphere  =  14.097  ll)s.  per  sq.  in.  =  29.992  ins.  (700  nun.)  of  mer- 
cury =  1.033290  k^.  per  sq.  cm.  1  metric  atmosphere  =  1  kg.  per  sq. 
cm.  =  0.90777  atmosphere  =  735.51  nun.  (29.025  ins.)  of  mercury. 

The  metric  literature  would  be  much  simpler,  thus: 

1  atmosphere  =  700  mm.  of  mercury  =  1.033290  metric  atmosphere  =:: 
1.033290  kg.  per  sq.  cm.  1  metric  atmosphere  =  1  kg,  per  sq.  cm.  = 
0.90777  atmosphere. 

This  little  conversion  table  is  necessary  because  there  are  two  atmospheres 
used  in  the  French  sj'stem,  one  the  actual  mean  pressure  at  the  sea  level,  or 
1.033290  kilogrammes  per  square  centimetre,  and  the  other  an  ideal  atmosphere, 
in  which  there  is  "  the  beautiful  correlation  between  measures  of  length  and 
of  weight,"  viz.,  exactly  1  kilogramme  per  square  centimetre. 

It  would  not  be  much  of  a  job  to  produce  the  metric  literature,  for  it  would 
be  necessary  onh'  to  reproduce  the  rules,  tables,  formulae  and  data  now  printed 
in  the  metric  countries.  There  would  be.no  tables  of  structural  shapes,  for 
instance,  ranging  by  even  inches  from  3  to  24,  with  their  corresponding  weights 
per  foot,  and  coefficients  of  strength  in  pounds,  but  there  would  be  other  tables 
in  which  there  would  be  structural  shapes  from  80  millimetres  up  to,  say,  000 
millimeters,  advancing  by  intervals  of  from  20  to  50  millimeters,  with  their 
corresponding  weights  in  kilograms  per  metre,  and  with  coefficients  correspond- 
ing to  metric  measures  of  length  and  weight. 

The  big  job,  however,  would  be  to  produce  the  literature  of  the  transition 
period.  It  would  include,  in  the  tables  of  beams,  for  instance,  all  the  existing 
standard  sizes,  in  even  inches  of  depth,  with  their  corresponding  metric  equiv- 
alents to  the  nearest  tenth  of  a  millimetre,  together  with  the  dimensions,  both 
English  and  French,  of  length,  breadth  of  flange,  and  thickness  of  web,  the  weight 
per  yard  and  per  metre,  in  pounds  and  kilogrammes,  and  the  coefficients  for  com- 
puting strength  in  both  systems.  Besides  this  there  would  have  to  be  new 
tables  of  the  new  sizes,  20  to  000  millimetres  in  metric  measures  and  in  their 
English  equivalents. 

During  the  transition  period  the  mechanical  articles  in  the  "  Encyclopaedia 
Britannica"  and  all  other  c^'cloptedias  and  other  works  of  general  reference  would 
have  to  be  reprinted  in  the  transition  language,  otherwise  they  would  not  be 
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r(>a(lal)lc  l)y  tho  pooj^lo  of  tlio  poriod.  When  tlie  reform  (?)  was  at  last  accom- 
plished they  would  have  to  bo  reprinted  a<2;ain,  making  tlunn  altogether  metric, 
and  then  the  old  hooks  would  all  find  their  way  to  the  paper  mill. 

The  engineer's  jxx-ket-hooks  would  also  ha\'e  to  he  r(^pnnt(!d  in  tho  transi- 
tion language,  and  th(>n  many  }'ears  later  eompl(>tely  nK^tricised.  Every  pres- 
(>nt  owner  of  one  of  these  poeket-hooks,  if  tho  iiKitric  system  is  coming  very 
soon,  would  have  to  provide  himself  with  both  of  tho  now  books,  and  tho  transi- 
tion book  would  bo  at  least  half  as  largo  again  as  tho  present  book,  and  of  course 
Avould  sell  at  a  higher  price.  The  first  editions  also  would  have  so  many  typo- 
graphical errors  and  errors  of  computation  that  the  new  editions  would  sell 
rapidly. 

To  get  an  idea  of  the  size  of  the  job  that  will  have  to  be  done  if  the  impending 
reform  is  accomplished,  let  us  consider  some  of  the  tables,  etc.,  that  are  found 
in  these  books  based  on  the  English  inch.     They  are: 

Wire  and  sheet-metal  gauges.  J. 

Weight  and  specific  gravity  of  substances. 

Weights  of  standard  sizes  of  bars,  rods,  tubes,  structural  shapes,  pipes,  fittings. 

Thickness  of  pipe  for  different  pressures. 

Standard  pipe  flanges,  boiler  tubes,  riveted  pipe,  brass,  copper  and  lead  pipe. 

Standard  sizes  of  screw  threads,  taps,  set  screws,  machine  screws,  nuts,  bolts, 
rivets,  washers,  nails  and  spikes,  wire,  wire  rope,  cables,  chain,  fire-brick. 

Strength  of  materials,  rules,  tables,  formulae,  etc. :  safe  loads  on  columns, 
beams,  shafts,  bolts,  bursting  pressure  of  pipes,  cylinders,  boilers;  results  of 
tests  of  materials,  bars,  chains,  springs,  riveted  joints,  timber,  alloys,  ropes, 
wire  ropes. 

Specifications  of  all  materials. 

Velocity  of  falling  bodies,  height  due  to  velocity. 

Air,  properties  of,  compressed  air,  tables  and  formulae,  flow  of  air  in  pipes, 
air  compressors,  fans,  blowers. 

Heating  and  ventilating,  formulae  and  tables. 

Water,  weight,  pressure,  flow,  pumps  and  pumping  engines,  turbines. 

Steam,  properties  of,  steam  pipes,  boilers,  chimneys,  heaters,  engines,  con- 
densers, flywheels,  governors. 

Transmission  machinery,  gear  wheels,  shafts,  pulleys,  belts,  rope,  wire  rope. 

Foundry  and  machine  shop  practice. 

Refrigerating  machinery. 

Locomotives,  cars,  railroad  work. 

Marine  engines,  ships,  etc. 

Electrical  Engineering. 

The  list  might  be  extended  indefinitely. 

Another  branch  of  technical  literature  that  would  have  to  be  reprinted '  is 
that  issued  by  the  several  correspondence  schools.  The  hundreds  of  thousands 
of  students  of  these  schools  would  all  have  to  be  furnished  with  instruction 
papers  in  the  transition  language.  The  instructors  in  the  schools  also  would 
have  a  big  job  added  to  their  present  one  in  correcting  the  additional  errors 
made  by  their  pupils  on  account  of  their  want  of  familiarity  with  the  new  units 
of  measurement. 

It  may  be  said  that  the  transition  literature  would  not  be  needed,  that  a  good 
book  of  conversion  tables  would  fill  all  wants  in  transposing  from  one  S3^stem 
to  the  other.     But  as  long  as  manufactured  articles,  such  as  bars,  tubes,  etc., 


COMMITTKK    UKrOlIT   ON     TJIi:    MKriJIC    SYSTEM.  01)5 

art'  inado  in  standard  sizes  by  tho  Enp;lisli  system,  so  lon^  would  wo  roquin^ 
(al)l('s  of  W('i,iJ:lil.  capacily,  otc,  (^f  these  sizes,  and  such  tables  can  not  he  con- 
\-erted  from  one  s\slem  to  tho  other  without  fjreat  labor  and  liability  to  error. 
'The  use  of  printed  tables  i;i\in<:;  the  wt'ights,  ('a|)acit ies,  etc.,  in  the  l'"ren<h 
syst«Mn,  tofjether  with  the  sizes  in  iMifjjIish  measures,  w()uld  be  ntM'ded.  Just 
such  tables  are  already  found  in  catalogues  of  American  mamifacturos,  printed 
in  FnMich  and<Jorman.  There  is  a  table  of  this  kind  in  a  French  book  of  "  Notes 
and  Formula',"  1S5)7  edition,  giving  weights  in  kilograms  of  cast-iron  i)ii)e,  the 
sizes  of  wh.ich  .are  gi\'(>n  as  follows: 

Inches U       2     2.^       3     3^       4         T)         0         7         8 

Millimetres 41     54     07     81     94     108     135     102     189     210 

On  another  page  there  is  another  table  of  weights  of  other  sizes  of  pipe,  viz. : 
Millimetres,  40,  50,  54,  GO,  70,  75,  80,  90,  etc. 

The  first  table  represents  the  sizes  of  pipe  that  would  be  made  during  the 
transition  period;  the  second  the  sizes  that  would  be  made  when  the  metric 
system   had   been   completely   introduced. 

The  same  book  gives  a  table  of  screw-threads  "Systeme  Whitworth,"  wdth 
the  foUo\Ning  figures: 

Diameter,  inches....       i          -,\-  f  ^\-  .}          '^  f.         |          1 

Diameter,  millimetres  0.35  7.94  9.52  11.11  12.70  15.87  19.05  22.22  25.40 

Threads  per  iDch 20         18  16  14  12        11  10         9          8 

Pitch,  millimetre 1.27  1.41  1.59  1.81  2.11  2.31  2.54  2.82  3.18 

Diameter,  core,  mm...  4.72  6.09  7.36  8.04  9.91  12.92  15.74  18.54  21.33 

* 

The  book  sa3-s  of  the  Whitworth  system,  that  it  has  been  adopted  for  a  long 
time  in  England  and  in  Germany:  "It  is  very  desirable  that  we  reach  some 
universal  rules  for  the  pitch  of  screws,  but  the  widely  extended  use  of  the  Whit- 
worth sizes  prevents  it,  until  England  has  adopted  in  practice  the  metric  system." 

So  it  appears  that  even  in  France,  after  more  than  a  century  of  the  metric 
system,  the  transition  period  of  mechanical  literature  is  not  yet  at  an  end. 

The  conclusion  from  the  above  study  of  the  literary  question  is  that  the  work 
to  be  done  in  converting  the  English-speaking  race  from  the  English  to  the 
metric  system  is  so  appalling  in  its  magnitude  that  it  can  never  be  done  at  all. 
There  will  be  no  transition  period  and  no  transition  literature.  There  may  be 
laws  passed  making  it  "the"  legal  system,  and  the  departments  of  the  gov- 
ernment may  be  compelled  by  Congress  to  use  it  in  all  business  transactions, 
but  the  people  as  a  w^hole  are  no  more  likely  to  adopt  it  than  they  are  to  give 
up  the  English  language  and  adopt  French  in  its  place. 


APPENDIX  X. 

The  Use  of  the  Metric  System  in  Recent  English  Technical  Literature. 

The  troubles  which  will  ensue  during  the  transition  period  which  would  fol- 
low the  attempt  to  introduce  the  metric  S3'st8m  into  technical  literature  are 
already  foreshadovv^ed  by  the  increasing  tendency  of  some  writers  to  make  a 
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partial  use  of  the  mctrio  systoin  in  tlunr  I)ooks.  The  followino;  commentn  on 
this  subject  are  made  in  ;i  review,  in  EiKjineering  News  of  March  19,  1903,  of 
Campbell's  "  Manufacture  and  Properties  of  Iron  and  Steel." 

We  regret  to  see  that  the  author  mixes  up  the  Enjijlish  and  metric  systems 
of  weights  and  measures  in  this  chapter.  In  one  table  he  gives  in  the  head- 
ings of  columns,  pounds  of  coke  per  ton  of  2,240  pounds  of  iron,  kilograms 
of  carbon  per  ton  of  iron,  cubic  metres  of  gases  per  ton  of  iron  a«id  heat  value 
of  gases  per  ton  of  2,240  pounds  iron  in  French  calories.  In  a  foot-note  he 
refers  to  an  error  made  by  Sir  Lowthian  Bell  in  giving  calories  per  ton  inseatd 
of  calories  par  20  kilograms,  which  arose  from  his  adopting  a  new  unit  of  20 
kilograms  as  his  base  of  calculation.  Mr.  Campl>ell  may  not  have  made  any 
similar  error  himself,  but  his  use  of  tons,  pounds,  kilogrammes,  cubic  feet  and  cubic 
metres  indiscriminately  makes  hard  reading,  and  is  a  fine  sample  of  what  we 
shall  have  to  submit  to  for  many  years  to  come  until  the  metric  advocates  cease 
their  attempts  to  destroy  the  English  system  of  measurement  and  to  introduce 
confusion  in  our  language.  We  suggest  also  that  it  would  have  been  simpler 
to  make  all  calorific  computations  of  blast-furnace  problems  in  weights  instead 
of  part  weight  and  part  volume.  The  volume  calculations,  cubic  feet  and 
cubic  metres,  always  refer  to  volumes  at  some  standard  temperature  (32°,  39°, 
or  62  F.)  and  not  to  the  actual  volumes,  while  weights  are  independent  of 
temperature.  Only  one  unit,  the  pound,  need  then  be  used  in  all  calorific 
computations. 

Chapter  IX.  is  on  the  combustion  of  fuel.  Here  the  author  again  uses  the 
metric  sj^stem,  with  its  kilogrammes,  cubic  metres  and  calories,  where  pounds, 
cubic  feet  and  British  thermal  units  would  have  been  just  as  good,  and  more 
acceptable  to  the  English  reader. 

A  sample  paragraph  from  Mr.  Campbell's  book  is  the  following: 

Bell  gives  the  weight  of  air  blast  as  103.74  kilogrammes  per  20  kilogrammes 
of  iron  =  5.187  kilogrammes  to  1  kilogramme  of  iron  =  5270  kilogrammes 
per  2,240  pounds  iron,  which  for  a  furnace  making  300  tons  in  24  hours  is 
at  the  rate  of  1098  kilogrammes  =  849  cubic  meters  =  29,983  cubic  feet  per 
minute. 

If  English  measurements  alone  were  used  this  would  read: 

According  to  Bell  the  weight  of  air  blast  is  5,187  pounds  per  pound  of  iron 
=  11,619  pounds  per  ton  of  2,240  pounds.  For  a  furnace  making  300  tons 
in  twenty-four  hours  this  is  equivalent  to  29,983  cubic  feet  (at  32°  F.)  per  minute. 

Why  do  some  English  writers  use  the  metric  system  (to  a  partial  extent) 
in  their  books? 

1.  Is  it  to  save  themselves  the  trouble  of  translating  the  figures  from  the 
metric  into  the  English  system?  As  all  technical  books  are,  or  ought  to  be, 
designed  to  convey  informations  to  the  reader  in  the  clearest  manner  possible, 
involving  him  in  the  least  mental  fatigue,  the  author  owes  it  to  the  reader  to 
take  the  trouble  to  translate  metric  dimensions  into  English,  just  as  he  would 
translate  a  foreign  verbal  expression  into  English. 

2.  Is  it  to  make  their  books  more  readable  by  foreigners?  Any  foreigner 
who  does  not  understand  the  principal  English  dimensions,  feet,  inches  and 
pounds,  is  not  likely  to  be  able  to  read  an  English  book  at  all.  As  the  English 
readers  of  an  English  book  are  likely  to  be  a  hundred  times  as  many  as  the  for- 
eign readers,  why  should  the  latter  be  considered,  to  the  inconvenience  of  the 
former? 
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3.  Ts  it  hccauso  lliov  favor  tlio  propajiinnda  of  (Ik-  iiiclric  syslciii  and  wisli  to 
1)1'  known  as  anion<;  those  who  desire  to  forc<>  it  on  the  lOn^iHsh-speakinj;  world? 
Theii  they  must  be  ininihered  with  the  spelliiif;  refornuTs  and  other  fadchsis, 
and  let  alone,  for  no  arfiunient  will   reach  them. 

APPENDIX  XI. 

Advantage  of  Fractions  over  Decimals  in  Computation. 

In  the  English  sj^stem  of  woip;hts  and  moasuros  the  comj^uter  may  use  either 
common  fractions  or  decimal  subdivisions  as  he  choos"s,  and  often  he  will  find 
the  fractions  the  easier.  The  following  actual  problem  recently  came  up  in 
till'  writer's  practice: 

A  conveying  belt  100  feet  long,  running  400  feet  per  minute,  delivers  20,  40, 
()0,  80  or  100  tons  of  2,000  pounds  p(>r  hour.  What  is  the  load  on  the  belt  for 
each  rate  of  delivery? 

solution  by  fractions. 

Tons  per  hour  =  T 20  40  60  80  100 

Tons  per  minute  =  -/o  T ^  |  1  1|  1| 

Load  on  belt  =  i  of -e'o- T V-/  i  k  ^  h 

Load  on  belt  in  pounds 1661  333^  500  666|  833^ 

solution    15Y    decimals. 

Tons  per  hour  =  T 20  40  60  80  100 

'ions  i)er  minute  =  /„  T 0.3333  0.6667  1  1  3333  1.6607 

London  belt  =  i  of Vii  T 0.0833  0.1667  0.25  0.3:]33  0.4167 

Load  on  belt  in  pounds 166.7  333.3  500  666.7  833.3 


APPENDIX  XII. 
Action  of  the  Cincinnati  Manufacturers  on  the  Metric    System. 

(From  the  American  Machinist,  Nov.  27,  1902.) 

The  Franlilin  Institute  Committee  on  the  Metric  System  has,  as  man}^  of 
our  readers  are  aware,  circulated  a  list  of  questions  among  the  manufacturers 
of  the  country.  The  manufacturers  of  Cincinnati  have  taken  concerted  action 
in  rephing  to  these  questions,  and  as  their  answers  gi\e  the  views  of  a  large 
and  important  manufacturnig  section,  we  consider  it  only  proper  that  they  be 
gi\en  in  our  columns.  The  questions  and  answ^ers  are  sandwiched  together 
below : 

1.  Is  it  not  desirable  to  simplify  and  change  the  system  of  weights  and  meas- 
ures at  present  in  general  use  in  this  country? 

A. — It  is  desirable  to  simplify  the  present  system  if  it  can  be  done  without 
introducing  more  confusion  than  is  saved,  which  we  doubt.  It  is  not  desirable 
to  change  the  S3'stem. 

2.  In  view  of  the  fact  that  the  following  countries  officially  and  customarily 
employ  the  metric  system  of  weights  and  measures — namely,  France,  Germany, 
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Austro-TTiiiifrarv,  Norway  and  SwchUmi,  Ciiand  Dudiy  of  I'liiland,  Holland, 
Hcl^iuin.  Switzerland,  Spain,  Portugal,  Italy,  Scrvia,  Rouniania,  Bulgaria, 
(IrcM'cc,  the  Ottoman  Enijurc,  .Japan,  China  (thirty-(!ight  ports),  Egypt,  Mex- 
ico, the  Central  American  and  South  American  countri(!S,  the  dependenci(!s 
of  the  above-mentioned  countries  and  the  Latin  acquisitions  of  the  Unit(;d 
States — do  you  not,  consider  tlint  it  would  Ix^  a(l\isal)l(!  to  adopt  the  metric  sys- 
tem in  the  United  States  with  the  view  of  bringing  about  international  uni- 
formity in  weights  and  m(>asures? 

A. — The  statement  that  the  countries  named  "customarily  employ  th(;  met- 
ris  system"  is  a  pure  assumption.  No  evidence  of  this  is  submitted,  while  on 
the  contrary,  all  available  evidence  shows  that  in  some  of  these  countries  the 
system  is  used  but  little,  and  in  none  of  them  is  it  universal.  Even  in  France 
the  old  units  are  still  in  wide  use.  Considering  the  age  of  the  system,  this  is 
sufficient  proof  that  it  cannot  become  universal,  and  all  arguments  based  on  the 
assumption  that  it  can  be  fall  to  the  ground. 

3.  Would  not  the  introduction  of  the  metric  system  benefit  the  foreign  trade 
of  the  United  States? 

A. — Of  the  millions  of  dollars  of  machine  tools  which  the  members  of  the 
Association  have  sold  to  France  and  Germany,  the  great  majority  have  been 
sold  without  request  or  suggestion  that  any  of  the  dimensions  be  made  in  accord- 
ance with  the  metric  system.  The  only  changes  that  have  been  asked  for  have 
been  in  occasional  measuring  and  adjusting  screws.  In  view  of  this  experience 
and  of  the  unexampled  growth  of  the  export  trade  of  this  country  during  the 
past  half-dozen  years  we  cannot  see  any  need  of  changing  for  the  benefit  of 
foreign  trade. 

4.  Do  you  not  consider  that  the  introduction  of  the  metric  system  would 
facilitate  and  abbreviate  the  computations  which  present  themselves  in  the 
ordinary    occupations    of   life? 

A.— Theoretically  yes,  though  to  an  extent  that  has  been  grossly  exagger- 
ated. The  supposed  gain,  considered  in  its  economic  value  to  the  nation,  we 
consider  to  be  trifling.  Moreover,  this  trifling  gain  is  dependent  upon  the  old 
units  becoming  extinct,  which  in  France  and  Germany  they  have  not  done. 
On  the  other  hand,  the  existence  of  both  old  and  new  units  in  those  countriss 
serves  in  many  instances  to  increase  the  labor  of  calculations  and  to  nullify  ths 
whole  argument  based  on  the  theory  of  the  metric  S3^stem. 

5.  Would  not  the  introduction  of  the  metric  system,  by  practically  limiting 
the  units  of  weights  and  measures  to  (1)  the  metre,  (2)  the  gram,  (3)  the  litre 
and  (4)  the  are;  and  in  view  of  the  simple  prefix  system  of  decimal  multiples 
and  submultiples  existing  in  that  system,  assist  in  measuring  and  expressing 
quantitative  values  of  all  kinds? 

A. — Should  the  old  units  become  extinct,  yes;  but  the  experience  of  metric- 
using  countries  shows  that  they  will  not.  The  adoption  of  the  system  will  thus 
add  to  the  number  of  units  to  be  learned. 

6.  It  has  been  found  upon  investigation  by  the  Bureau  of  Education  of  the 
United  States  and  the  Select  Committee  on  Weights  and  Measures  of  the  House 
of  Commons  of  Great  Britain  that  a  year  of  the  school  life  of  children  could  be 
saved  through  replacing  the  customary  weights  and  measures  by  the  metric 
system.  In  view  of  this  fact  [?],  is  not  the  change  to  be  desired  from  an  educa- 
tional standpoint? 

A. — This  conclusion  is  also  based  on  the  theory  that  the  old  units  will  be- 
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conu'  ('xlinct.  If  tlic  old  unils  .-ire  to  coiiiimic,  ;is  .'ill  r\|KTi('nco  shows  ihvy 
will,  the  roiulusioii  is  inillifi(Mi  mikI  reversed  -the  children  will  have  an  ;iddi- 
tioiial  syst«'in  (o  learn  and  their  labors  will  he  incrrasctl,  ,iot   diminished. 

7.  What  length  of  time  do  you  think  would  be  n-cpiired  to  instruct  artisans 
in   the  use  of  the  inetric  system? 

A.  'I'he  experience  of  I-' ranee  has  shown  that  the  chanp'  cannot  he  com- 
plettnl  in  a  century.  In  vi(>w  of  this,  we  ref2;ard  what  anyone  "thinks"  about 
\hc    matter   as   of   no   importance. 

8.  Would  the  fact  that  in  the  decimal  system  continued  fractional  subdi- 
vision by  2  cannot  be  conveniently  carried  so  far  as  in  the  customary  weights 
and  measures  with  common  fractions  seriouslj'  militate  against  the  introduction 
or  use  of  the  metric  system? 

A. — We  consider  the  advantage  of  the  binar}'  system  of  division  to  be  too 
important   to  be  dispensed  with. 

9.  If  the  m(^tric  system  were  adopted  within  a  few  years  in  your  business, 
would  its  gradual  adoption  entail  great  expense?  How  could  this  expense 
be  minimized  or  avoided? 

A. — To  adopt  the  system  gradually  w^ould  involve  making  machines  for  years 
with  part  English  and  part  metric  dimensions,  with  constant  change  as  the 
English  dimensions  are  dropped — that  is,  until  the  transition  is  complete.  Dur- 
ing this  period  there  could  be  no  standardized  production,  but  constant  change. 
We  cannot  regard  the  use  of  both  systems  on  the  same  machine  as  a  thing  to 
be  tolerated,  much  less  deliberately  encouraged.  To  continue  existing  units 
on  old  machines  while  adopting  the  metric  units  on  new  ones  helps  matters 
but  little,  as  in  all  lines  of  machines  many  parts  are  common  to  different  sizes. 
Moreover,  the  whole  question  is  based  on  the  idea  that  the  sacrifice  of  the  change 
is  measured  by  the  cost  of  buying  new  small  tools.  On  the  contrary,  the  chief 
sacrifice  is  in  the  changing  of  standardized  things — in  the  throwing  aw^a}'-  of 
standards,  the  value  of  which  we  will  not  know^  until  we  lose  them.  The  value 
of  shafting  and  pulley  Srtandards,  for  example,  lies  in  the  fact  that  b}"-  reason  of 
them  shafting  and  pulleys  may  be  made  in  large  quantities  and  therefore  cheaply; 
that  because  their  fitting  is  insured,  they  can  be  made  in  advance  and  sold  from 
stock  as  needed,  instead  of  being  made  to  order  at  increased  cost  and  delay; 
that  pulleys  can  be  changed  about  as  needed,  and  if  thrown  out- of  use  become 
again  available  for  any  shaft  of  their  size,  whenever  wanted.  Who  would  think 
of  estimating  the  value  of  shafting  standards  to  the  country,  by  the  value  of 
the  turning  and  boring  tools  and  gauges  in  pulley  and  shafting  factories?  Never- 
theless, that  is  exacth'  what  3*ou  do  when  you  tacitly  assume  that  the  cost  of 
changing  our  shop  standards  is  measured  by  the  expense  of  new  tools.  Im- 
agine, if  you  can,  the  confusion  that  would  prevail  if  pulleys  and  shafting  had 
never  been  standardized,  and  yo\i  will  begin  to  understand  how  ridiculous  is 
your  assumption  that  the  cost  of  this  change  can  be  measured  by  the  cost  of 
small  tools.  Into  the  loss  due  to  the  destruction  of  standards  the  element  of 
time  does  not  enter,  and  we  therefore  regard  the  idea  of  a  gradual  change  as 
simph'  postponing  and  refusing  to  face  the  difl^culties  of  the  problem, 

10.  Are  you  in  favor  of  the  bill,  H.  R.,  123,  as  reported  from  the  Committee 
on  Coinage,  Weights  and  Measures,  and  which  it  is  expected  will  be  considered 
at  the  coming  session  of  Congress,  and  which  reads  as  follows?  "A  bill  to  adopt 
the  weights  and  measures  of  the  metric  system  as  the  standard  weights  and 
measures  in  the  United  States.     (1)  Be  it  enacted  by  the  Senate  and  House 
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of  Rcprosontativcs  of  the  Unitod  States  of  America,  in  Congress  asscm])led, 
(2)  tliat  on  and  after  the  first  day  of  January,  1904,  all  the  departments  of 
the  government  of  the  United  Stat(>s,  in  the  transaction  of  all  business  refjuiring 
the  use  of  weights  and  measurement,  except  in  completing  survey  of  lands, 
shall  employ  and  use  only  the  weights  and  measures  of  the  metric  system;  and 
on  and  after  the  first  day  of  January,  1907,  the  weights  and  nuuisures  of  the 
metric  system  shall  be  the  legal  standard  w(ughts  and  measures  of  and  in  the 
United  States." 

A. — No.  We  believe  that  the  difliculties  of  the  change  have  been  ridiculously 
underestimated,  and  that  the  metric  system  offers  no  compensating  advantages. 
We  regard  the  whole  matter  as  a  shop  affair  exclusively,  since  the  confusion 
and  expense  must  be  borne  by  the  shops.  We  therefore  regard  the  intrusion 
of  those  who  have  no  pecuniary  interest  in  shops,  as  unwarranted. 

These  answers  were  signed  by  the  following  firms  of  the  Cincinnati  district: 
American  Fire  Engine  Company,  Belmer  Machine  Tool  Company,  Cincinnati 
Machine  Tool  Company,  Cincinnati  Milling  Machine  Company,  Cincinnati  Planer 
Company,  Cincinnati  Shaper  Company,  Dreses  Machine  Tool  Compan}-,  J.  H. 
Day  Company,  William  E.  Gang  Company,  Greaves,  Klusman  &  Co.,  Laidlaw- 
Dunn-Gordon  Company,  Lane  &  Bodley  Compan}^,  J.  M.  Robinson  &  Cc,  Se- 
bastian loathe  Company,  Schumacher  &  Boye,  John  Steptoe  &  Co.,  Smith  & 
Mills,  Triumph  Electric  &  Ice  Machine  Company,  Cincinnati  Punch  and  Shear 
Company,  Bradford  Machine  Tool  Company,  American  Tool  Works  Company, 
Jos.  S.  Blettner  &  Co.,  Barker  &  Chard  Machine  Tool  Company,  Dietz  Machine 
Tool  Company,  Fosdick  &  Holloway  Machine  Tool  Company,  I.  &  E.  Green- 
wald  Drill  and  Tool  Company,  R.  K.  Green wald  &  Co.,  Bickford  Drill  and  Tool 
Company,  R.  K.  LeBlond  Machine  Tool  Company,  Springfield  Machine  Tool 
Company,  and  others  whose  names  we  have  not  been  able  to  get. 


PRO-METRIC    REPLY   TO   APPENDIX  XII. 

The  answers  to  these  questions,  which  answers  were  made  by  concerted  action 
of  the  manufacturers  named,  are  based  almost,  if  not  entirely,  upon  the  paper  of 
F.  A.  Halsey,  which  had  been  previously  read  at  the  Cleveland  meeting  of  the 
Machine  Tool  Manufacturers'  Association.  This  paper  was  essentiall}^  the  same 
as  that  presented  before  the  American  Society  of  Mechanical  Engineers  and 
which  accompanies  this  report.  At  the  Cleveland  meeting  referred  to  there  was 
no  one  to  say  a  \\'ord  on  the  other  side,  and  the  fact  is  that  a  very  large  majority 
of  those  who  signed  the  answers  as  given  did  so  without  having  given  the  matter 
any  serious  study  or  consideration.  In  fact,  most  of  the  signers  have,  we  be- 
lieve, never  given  a.iy  serious  attention  to  the  question  of  the  relative  merits  of 
the  two  s^-stems.  They  are  bus}""  men,  and  while  their  opinions  would  be  valuable 
upon  this  or  any  other  matter  connected  with  the  art  of  machine  construction 
where  they  had  taken  time  and  pains  to  examine  it  on  both  sides  and  with  care, 
we  feel  certain  that,  owing  to  the  peculiar  manner  in  which  this  action  was  brought 
about,  it  should  have  no  more  weight  than  Mr.  Halsej-'s  paper  itself,  which  is 
entirely  one-sided  and  does  not  profess  to  be  an  impartial  examination  of  the 
question. 

Some  of  those  who  signed  the  answers  have  said  since  signing  them  that  they 


roAi:\[iTTi:i:  inipoirr  on'    iiii:  mi-.tuk!  systk^f.  7'>1 

h;iv(>  S(MMi  iK'W  li.^lit  upon  llic  siihjcrt,  mikI  wt^  think  niMiiy  of  llicni  wdiiM  Miiswcr 
(litTtMHiilly  if  it  wen*  to  hr  done  over  MiXMiii. 

On  tlu'  sanio  \x\^c  of  tin*  Anirrinin  Mcc/iinist  referred  to  is  i\  letter  which  wuh 
written  by  an  iMifiinoer  connectc'd  with  a  machinery  house  in  Paris,  which  hous  • 
has  sold  many  thousands  of  dollars  worth  of  Am  Mican  maciiine-toojs  in  lV;ince 
and  olsowhero  in  Europe,  chiefly  through  the  efforts  of  the  writer  of  the  letter — a 
man  who  is  friendly  to  American  machinery  interests  and  of  undoubted  sincc^rity. 
We  commend  this  letter  to  careful  attention  ;  it  is  as  follows: 
Editor  American  Machinist: 

"  I  have  carefully  followed  the  valuable  articles  appearinji;  in  your  paper  in  re- 
gard to  the  bill  that  the  Tnited  States  Government  proi)oses  for  the  adoption  of 
the  metric  system  in  your  country.  I  think  that  I  have  some  experience  with  the 
sale  of  American  tools  in  Europe,  and  b(Mi;^ve  that  American  tool  manufacturers 
are  quite  wrong;  in  systematically  resisting  the  proposed  bill  as  far  as  their 
European  trade  is  concerned.  Their  German  competitors  will  probably  make  a 
demonstration  of  this  opinion. 

The  second  resolution  of  tlie  Cleveland  convention  of  the  National  Machine 
Tool  Builders'  Association  reproduced  at  page  1525of  your  paper  is  somewhat 
puerile.  The  machines  referred  to  were  accepted  by  customers  with  only  the 
adjusting  and  measuring  screws  made  metric,  l)ecause  at  that  time,  namely,  two 
or  three  3'ears  ago,  the  demand  was  xcry  active  and  the  buyer  accepted  what 
the  manufacturer  was  willing  to  give  him;  but  conditions  have  changed  a  great 
deal  in  Europe  and  a  large  number  of  tool  users  now  buy  German  tools,  while 
they^  used  to  buy  American  tools  simply  because  the  former  are  manufactured 
thoroughly  to  the  metric  system. 

There  is  no  doubt  that  the  metric  system  will  be  exclusively  used  the  world 
over  some  day,  even  in  the  United  States,  and  it  w^ould  seem  to  me  that  since  the 
American  tool  manufacturers  will  have  to  make  the  change  from  the  English  sys- 
tem to  the  metric,  it  w^ould  not  cost  them  any  more  now  than  later,  and  of  course 
the  sooner  will  be  the  better  for  them,  as  when  their  European  trade  is  lost  and 
in  the  hands  of  their  German  competitors  it  is  doubtful  that  it  will  be  easy  to 
secure  it  again. 

APPENDIX  XIII. 

If  the  Change  to  the  ^Metric  System  were  Desirable  the  Difficulty  of 
Making  it  is  Exor:sious. 

Our  metric  friends  say  they  are  opposed  to  compulsory  legislation  in  faxor  of 
the  metric  sj^stem — yet  how  can  it  ever  be  adopted  in  this  country  without  it. 
Even  thirty  years  of  compulsory  legislation  has  failed  to  wipe  out  the  old  measures 
in  Germany.  German  cost  calculations  of  a  piece  of  worsted  goods — as  explained 
in  a  German  textile  treatise — are  thus  described  in  the  Textile  World: 

"  The  raw  material  is  purchased  by  the  English  pound.  The  finished  goods  are 
sold  by  the  French  metre.  The  yarn  counts  are  English,  while  the  length  and 
width  of  the  finished  goods  are  metric.  The  length  of  the  yarn  is  expressed  in 
metres,  while  the  counts  are  English,  based  upon  the  yard  and  the  pound.  From 
this  hodge  podge  the  weight  of  the  yarn  is  calculated  in  grams,  which  is  extended  by 
another  arithmetical  somersault  at  a  price  gix'cn  in  marks  per  Engh&h  pound,  and 
to  cap  the  climax  the  total  length  of  the  yarn  in  metres  is  reduced  to  English  yards 
and  then  to  English  skeins  of  660  yards  each." 
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Mr.  Halsoy  says:  "In  Uic  inrclianical  iiidustncs  of  Germany  wc  have  the  testi- 
inoTiy  of  Mil  AiiKTican  ('n<:;iii('('r  who  has  for  three,  years  oecupuHl  a  leadinpj  position 
in  a  (}(>rinan  machine  tool  works  that  '  In  Cierniany  alone  then;  an;  not  less  than 
half  a  (lo/en  (inches  of  different  values)  of  which  two,  th(;  lih(»nish  and  the  Eng- 
lish, are  in  such  very  general  us(!  as  to  cause  great  confusion.  *  *  *  Nearly  univer- 
sally the  carpenters  and  other  building  mochanics  us:3  th(;  Rhenish  inch,'  and  we 
have  other  testimony  showing  that  ship,  boiler  and  pipe  work  are  done  on  the  inch 
basis,  while  the  practically  universal  use  of  English  pitch  screw  threads  in  Gkir- 
many  is  known  to  all  who  are  well  informed. 

"  Even  in  France  the  old  units  persist  after  more  than  one  hundred  years  of  the 
metric  system  : 

"In  trade  reports  in  French  newspapers,  the  pipe  of  105  gallons  will  be  found  as 
*  the  unit  of  stock  on  hand  and  of  sal(>s  of  spirits,  while  the  piece  of  varying  capacity, 
the  tonneau,  the  piece,  the  feuillette  and  the  mesure  are  units  of  wine  measure. 
Sugar  and  coffee  are  sold  by  the  sac,  firewood  by  the  cord,  potatoes  by  the  setier, 
apples,  etc.,  by  the  minot,  lumber  by  the  dozens  of  solives,  madriers  and  planches, 
while  land  is  advertized  and  sold  by  the  psrche,  arpent  and  journee. 

"  In  Spain,  which  has  been  nominally  metric  for  forty  3^ears,  an  American  corres- 
pondent and  manufacturer  living  at  Barcelona  tells  me  that  '  not  more  than  half 
the  everyda}'^  business  transactions  are  carried  out  on  a  metric  basis.'  Linear 
and  superficial  measures  include  the  palmo,  the  vara,  the  cana  and  the  destre 
Oils  and  -wines  sell  by  the  cuarto,  arroba  and  cantara;  cereals  by  the  fanesa  and 
ferrado ;  coal  and  coke  by  the  arroba,  quintal  and  tonelada,  while  there  are  about 
twenty  different  libras  or  pounds  in  use,  the  value  of  this  unit,  like  many  of  the 
others,  varying  with  every  province. 

"  And  in  Mexico,  nominally  metric  for  eighteen  years,  the  facts  are  that  in  the 
work  pertaining  to  locomotives,  cars  and  shop  tools,  the  practice  of  nearly  all  rail- 
roads in  Mexico  is  based  on  the  inch  exclusively.  Lumber  is  sold  by  the  English 
system,  while  dealers  sell  so  many  metres  of  such  and  such  inch  pipe  or  wire  rope 
and  so  many  kilograms  of  i,  i  or  |  inch  bar  iron — the  last  of  Mexican  manufacture 
— and,  added  to  these  examples  of  simplicity  and  uniformity,  the  old  Spanish  vara, 
carga  and  arroba  are  in  frequent  use." 


APPENDIX  XIV. 

Concerning  the  Extent  of  the  Adoption  of  the  Metric  System. 

(From  an  editorial  in  The  Engineer,  Cleveland,  O.,  January  15,  1903.) 
"  The  extent  of  the  practical  employment  of  existing  systems :  The  sum  total  of 
advantages  that  might  result  from  inaugurating  any  different  system  at  the  pres- 
ent time  cannot  be  estimated  by  considering  merely  the  number  of  governments 
w^hich  may  not  only  have  adopted  it,  but  rendered  its  use  compulsory,  or  the 
number  of  countries  in  w^hich  the  system  may  be  nominally  operative.  The 
greater  inconvenience  and  expense  must  necessarily  be  borne  by  the  countries 
making  the  larger  use  of  the  system  which  it  is  intended  to  supplant. 

"  Whatever  system  may  be  agreed  upon  for  universal  adoption,  the  nations 
engaged  in  manufacture  will  be  the  larger  users  of  the  system.  The  number  of 
countries  emplo3dng  the  metric  system  furnishes  no  indication  whatever  of  the 
loss  in  time,  stocks  and  money,  that  would  be  incurred  were  those  employing  the 
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Mn^lisli  syslcin  ohlij^cd  for  ;my  rcasoii  lo  cliMiip'  to  Miiot Ikt.  I''n»iii  a  sliidv  of 
a\ail;il)l('  statistics  it  is  \('r\-  prohahN'  that  tlic  iiumhcr  ol"  jxTsons  in  tin;  lliiitt'd 
Statos,  Kn^laiid,  Cicnnany,  and  possibly  France,  who  liavc  a(lopt<'(l  the  Kn^Hsh 
system  is  jireatcr  than  th(>  number  of  j^ersons  usinp  th<'  metric  system  in  all  <-oun- 
trios  combined.  If  tliis  be  so,  assuming  that  a  universal  sy.st<.'ni  should  be 
adopted,  a  chanp^  from  the  I'rench  to  the  English  system  will  be  much  cheajxT 
than  a  chanji;e  from  the  Knjj;lish  to  tlu*  I'Yench,  wherexcr  the  two  syst<>ms  are  used. 
••  "While  the  numbir  of  countries  in  wiiich  the  metric  system  has  been  adopted  is 
nnich  lar«z;(»r  than  tht^  number  employina;  the  Enj^lish  system,  the  total  of  firms 
and  individuals  constantly  usinjr  the  metric  system,  and  the  value  of  thc^  property 
concerned,  shrink  to  small  proportions  when  compared  with  the  number  of  p<.'ople 
engaged  in  industries  using  the  English  system  and  the  assets  they  represent." 


APPENDIX  XV. 

So.ME  Opinions  of  Engineers  who  are  Familiar  with  the  Metric  System. 

FROM    "  engineering    NEWS,"    FEBRUARY,    1903. 

C.  W.  Baldrige,  Winona,  Minn.  "  The  fact  that  all  city  subdivisions,  land  sub- 
divisions, and  practically  all  measurements  of  anything,  for  record  or  of  perman- 
ence, in  the  United  States,  are  made  in  the  system  of  which  the  foot  is  the  unit, 
should  constitute  an  insurmountable  obstacle  to  the  changing  of  that  unit. 

"  A  few  months'  work  among  the  old  vara  measured  '  Spanish  grants'  of  South- 
ern Texas  was  sufficient  to  convince  me  of  the  undesirability  of  changing  a  unit  of 
measurement;  but  I  do  think  it  w^ould  be  desirable  to  build  up  a  decimal  system, 
so  far  as  it  is  possible,  upon  our  present  most  common  units  as  a  basis." 

A.  S.  Robinson,  St.  Ignace,  Mich.,  who  has  had  a  great  deal  of  experience  with 
the  metric  system,  referring  to  railroad  surveying  in  Mexico,  says:  "We  find  that 
the  20  millimetre  station  already  makes  50  per  cent,  more  work  over  the  American 
system  on  the  level  notes  and  profile,  correspondingly  increases  the  liabUity  to 
error,  introduces  still  another  liability  to  error  in  figuring  grades,  and  presents  no 
improvement  over  the  American  system. 

•"On  construction  with  10  millimetre  stations  the  cross-section  would  then  have 
to  be  taken  at  every  10  millimetre  and  lose  the  benefit  of  the  factor  20  in  the  cal- 
culation of  earthwork,  or  at  the  20  millimetre  station,  thereby  acdnowledging  the 
metric  to  be  '  a  makeshift  of  a  decimal  system.'     The  latter  is  the  ca.se. 

"  In  running  curves  by  deflection  angles,  fractional  stations  fall  more  frequently 
on  even  feet  than  on  CA'en  metres,  and  therefore  the  engineer  has  more  '  trouble 
with  those  annoying  and  distracting  decimals  of  a  degree'  in  the  metric  than  in 
the  foot  system." 

E.  Sherman  Gould,  Yonkers,  N.  Y. :  "  Let  me  premise  by  saymg  that  I  belong 
to  the  class  which  perhaps  has  the  best  right  to  form  and  express  an  opinion  on  the 
subject,  having  used  both  the  English  and  metric  systems  in  a  somewhat  ex- 
tended engineering  practice  at  home  and  abroad,  beginning  with  my  education  in 
a  French  engineering  school. 

''  If  we  were  to  adopt  the  metric  system,  even  admitting  for  the  argument  that 
it  is  better  than  ours,  we  would  not  find  our  work  of  measuring,  recording  and  cal- 
culating materially  lessened.     Long  calculations  would  be  as  troublesome  and  as 
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li:il)](>  to  error  as  ovor,  and  prol)ably  the  majority  of  people,  not  specialists  in  any 
l)articiilar  art,  would  he  unahU;  to  say  which  they  pn^lerred,  after  a  lair  trial. 

"  I  believe  the  radical  deflect  of  the  metric  system,  pure  and  simple,  is  that  it 
])roceeds  on  the  assumption  that  it  is  possible  to  have  one  unvarying  standard  of 
weifihiiis  and  in(\asurinp;  for  all  uses,  small  and  great.  You  might  as  well,  hyper- 
bolically  speaking,  ask  th(;  blacksmith  to  use  the  same  tools  as  th(;  carpenter,  and 
a  single  tool  at  that.  I  grant  that  if  we  must  have  the  same  yardstick  to  measure 
the  interstellar  spaces  and  the  eye  of  a  needle,  the  metric  system  is  as  good  as  any 
I  happen  to  know  of,  but  why  should  we  so  limit  ourselves?  I  think  it  is  charac- 
teristic of  the  grand  industrial  race  that  uses  English  measures,  that  each  trade 
uses  the  unit  and  subdivision  best  suited  to  its  purpose,  with  perfect  indifference 
as  to  whether  or  no  any  one  else  likes  it.  The  reproach  made  against  our  system 
on  the  grounds  of  its  complexity  seems  to  me  to  be  its  greatest  merit  from  the 
practical  point  of  view." 


FROM  "  PROCEEDINGS  "  OF  THE  ENGINEERS'  SOCIETY  OF  WESTERN  NEW  YORK, 

DECEMBER,    1902. 

Paper  by  Mr.  Chas.  H.  Tutton,  Vice-president.  "The  most  difficult  part  of 
mathematics  for  students  to  grasp  is  decimals,  and  wherever  possible  they  are 
avoided  by  business  men,  and  educated  gentlemen  though  you  are,  it  would  be 
perfectly  safe  to  assert  that  there  is  not  one  of  you  who  could  not  easily  be  made 
to  stumble  over  this  mode  of  calculation. 

"  Looking  over  the  m?tric  system,  3^011  v/ill,  perhaps,  be  surprised  to  find  that  it 
is  not  so  simply  decimal  after  all. 

"The  unit  of  length  is  the  metre,  (39.37  inches  by  law). 

"The  unit  of  solid  measure  is  the  stere,  and  is  one  cubic  metre  (35.317  cu.  ft.) 

"  The  unit  of  square  measure  is  the  are,  but  it  is  not  one,  but  10  metres  square 
(1076.4  square  feet.) 

"  The  unit  of  weight  is  the  gramme  (.0022  pounds  avoirdupois)  but  it  is  not  one 
cubic  metre,  but  one  cubic  centimetre,  and  the  decagram,  or  ten  grammes  is  not 
one  cubic  decimetre  although  it  is  ten  cubic  centimetres,  the  cubic  decimetre  being 
equal  to  1,000  grammes  or  one  kilogramme. 

"The  unit  of  dry  and  fluid  measure  is  the  litre  (.0353  cubic  feet),  but  it*is 
neither  one  cubic  metre  like  the  unit  of  solid  measure,  nor  ten  cubic  metres  like 
the  unit  of  square  measure,  nor  one  cubic  centimetre  like  the  unit  of  weight,  but 
is  one  cubic  decimetre. 

"  In  fact,  the  bases  of  the  different  weights  and  measures  are  as  variable  as  our 
own,  and  the  claimed  facility  for  theoretical  transformations  will  vanish  like  the 
dew  of  the  morning  when  brought  before  th  ^  light  of  day.    ^ 

"  The  writer  has  transformed  a  great  many  formulae  from  one  system  of  meas- 
ures to  another  and  knows  whereof  he  speaks." 

Mr.  S.  M.  Kielland.  (Discussion) :  "  We  know  that  Germany  is  a  very  disci- 
plinary country,  that  is,  they  introduce  a  measure  and  carry  it  through  by  govern- 
ment order — soldiers.  Still,  within  the  last  month,  there  has  been  introduced  a 
motion  in  the  German  Reichstag  to  legalize  the  use  of  the  half-pound  and  quarter- 
pound  as  part  of  the  national  system  of  weights,  it  hax'ing  been  found  impossible 
to  familiarize  the  common  people  with  the  use  of  that  kind  of  unit  unless  divided 
into  halves  and  quarters. 
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*' T  was  horn  in  ;i  couiilrv  wlicrc  ;i  hinary  system  similar  to  that  of  America  to- 
day pouiuls  and  fci't  -was  (•haiii!;(Ml  to  the  metric  system.  .  .  .  It.  was  a  "cra/(*" 
when  some  years  asjjo,  nations  looked  to  l-'rance  lor  pretty  nearly  everything  in 
scientific  lines.  .  .  .  Without,  taking  time  to  look  into  or  study  the  matter,  the 
mi>tric  system  was  adopted  by  all  of  the  leading;  nations  of  Europe,  with  the  ex- 
ception of  the  Aiiji:lo-Sa.\on  nations  and  Russia.  When  I  went  over  to  Norway, 
Sweden  and  Denmark,  a  few  years  ago,  after  liavinj:;  been  away  ahout  twenty-five 
vears,  I  found  tlu^  common  or  old  measures  as  well  as  the  metric  measures  in  use 
by  the  common  people,  (>sp(>cially  amongst  the;  traders  and  peasantry.  The  most 
of  their  trade  and  {k-aling  is  done  by  the  old  system  the  same  as  they  u.sed  to 
do  before  the  metric  syst(Mn  w-as  adopted.  Of  course,  if  we  want  these  difficul- 
ties and  complications  by  the  use  of  two  or  more  systems  which  Mr.  Tutton  has  so 
well  pointed  out,  we  can  have  them  by  making  use  of  the  metric  system  com- 
pulsory in  the  United  States. 

"  America,  is,  to-day,  a  mighty  nation.  We  are  taking  our  share, — pretty  near 
the  governing  share,  you  might  say, — from  one-half  to  one-third,  of  the  business  of 
the  world,  and  why  should  we  change  our  S3'stem  now?  Let  them  change  theirs 
to  ours." 

Col.  Francis  G.  Ward.  (Discussion):  "I  w^as  brought  up  under  the  metric  sys- 
tem, and  so  might  differ  somewhat  from  the  gentlemen  as  to  the  application  of  it. 
I  resided  for  eight  years  in  a  country  where  the  people  were  familiar  with  its  use. 
I  doubt  whether  it  is  advisable  to  adopt  it  in  the  United  States. 

"  Naturallv,  w^hen  you  begin  to  compare  it  and  translate  from  one  system  into 
another,  3'ou  meet  the  same  difficulties  as  translating  from  one  language  into 
another.  You  lose  the  value  of  any  work  when  you  translate  it.  You  should  be 
able  to  read  the  w^ork  in  its  original.  The  system  that  we  have  in  this  country  is 
the  old  English  system.     Good  enough  for  us." 

The  following  resolution  was  offered,  duly  seconded  and  unanimously  adopted : 

*'  Resolved,  that  the  secretary  of  the  Society  notify  our  members  of  Congrass 
that  in  the  opinion  of  the  members  of  the  Engineers'  Society  of  Western  New  York, 
the  passage  of  any  bill  making  the  "  Metric  System"  compulsory  in  this  country  is 
premature,  and  such  action  should  not  be  taken  without  full  and  free  discussion 
throughout  the  country." 


FROM  A  LETTER  BY  WILLIAM  SELLERS,   FEBRUARY,    1903. 

"I  think  it  would  be  deplorable  if  this  Society  should  lend  itself  to  the  further 
introduction  of  this  system  in  this  country.  The  cost  would  be  enormous,  and 
we  should  in  the  matter  of  screw  threads  and  standard  gauges,  which  are  now 
established  in  this  country,  at  once  place  ourselves  in  the  position  of  the  mechani- 
cal engineers  of  Europe,  Avho  have,  after  all  the  years  of  forced  legislation,  a  mixed 
system,  compared  to  which  Mr  Southard's  statement  concerning  the  different 
pounds,  quarts,  yards  and  tons  in  our  system  becomes  significant. 

"Mr.  Southard  says,  'All  agree  that  a  universal  sj^stem  is  most  desirable,  and 
all  agree  that  our  system  never  can  becom  ^  universal.'  I  suppose  it  would  be  as 
universally  conceded  that  a  uniform  language  w^ould  also  be  desirable,  but  there 
are  some  desirable  things  that  cost  too  much  for  the  advantages  to  be  gained 
therefrom." 

45 
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Report  of  the   Committee  on  Weights,  Measures  and  Coinage.      Pre- 
sented TO  THE  National  Academy  of  Sciences,  April  17,  1902. 

The  CoinniittfHi  on  Measures,  Weiglits  and  Coinage,  to  which  was  referred  the 
letter  of  the  Honorable  J.  H.  Soutliard,  (chairman  of  the  Coniniittee  of  the  House 
of  llepresentatives  on  Coinage,  Weights  and  Measures,  respectfully  niport  as 
follows : 

The  letter  of  Mr.  Southard  requests  the  opinion  of  the  academy  upon  two  points. 
The  first  of  these  is  whether  the  International  Metric  System  is  desirable  for 
general  use  in  this  country. 

Your  committee  is  of  opinion  that  this  is  not  strictly  a  scientific  question. 
Undoubtedly  for  scientific  purposes  the  metric  system  is  preferred.  Certain 
unquestionable  conveniences,  not  of  the  highest  urgency,  would  attend  its  general 
use  for  most  purposes.  But  the  most  important  uses  of  any  system  of  weights 
and  measures  are  those  of  machinery,  of  the  railway  system,  of  mechanics  gen- 
erally. Here  we  have  to  distinguish  between  a  nominal  and  a  real  use  of  the 
metric  system.  If  by  the  sole  use  of  the  standards  of  the  metric  system  be  meant 
that  measures  are  to  be  expressed,  so  that  when  an  inch  is  meant,  25.4  millimetres 
be  said  and  when  a  quarter  of  an  inch  be  meant,  it  be  called  6.35  millimetres,  the 
effect  would  be  considerable  inconvenience  and  nothing  more.  If  the  United 
States  Bureau  of  Weights  and  Measures  ceased  to  use  any  other  standards  than  the 
metric  ones  after  next  year,  the  result  would  be  to  lesson  the  utility  of  that  bureau, 
the  work  of  which  in  this  department  would  at  once  be  done  by  private  parties. 
It  does  not  seem  probable  that  even  the  most  ardent  adherents  of  the  metric  sys- 
tem would  voluntarily  call  an  inch  25.4  millimetres,  since  they  are  perfectly  free 
to  do  so  now.  It  is  certain  that  neither  the  practice  by  government  bureaus  of 
calling  an  inch  25.4  millimetres  nor  the  cessation  of  the  comparison  of  English 
standards  b}^  the  government  would  have  any  effect  whatever  upon  the  machinery 
and  railway,  systems  of  the  country,  to  the  well-being  of  which  the  continuance  of 
the  real  employment  of  the  inch  is  vitally  necessary. 

But  if  the  government  of  the  United  States  proposes  to  enter  upon  a  warfare 
against  the  real  use  of  the  inch  in  machinery  and  the  railway  system,  we  must  say 
that  the  certain  cost  to  the  people  v/ill  be  that  of  no  small  war,  and  the  issue  will 
be  as  uncertain  as  that  of  any  war.  The  mechanical  pre-eminence  of  the  United 
States  would  be  the  price  that  would  be  paid  for  success  in  this  struggle.  The 
advantages  of  it  would  be  insensible  to  ordinary  men. 

In  view  of  these  considerations  your  committee  is  constrained  to  advise  that 
the  abandonment  of  the  inch  is  distinctly  undesirable,  whether  an  abandonment 
in  words  or  in  fact  be  contemplated. 

Holding  these  views  upon  the  first  question  submitted,  and  consequently  be- 
lieving that  no  real  change  in  the  usages  of  life  would  take  place,  your  committee 
thinks  the  dates  at  which  the  clauses  of  the  proposed  act  would  go  into  effect  are 
quite  unimportant. 

As  to  the  educational  argument,  if  children  had  two  five-minute  lessons  daily 
in  weights  and  measures,  it  is  certain  that  one  school  term  would  suffice  to  give 
scholars  a  far  better  acquaintance  with  both  systems  than  the  majority  of  edu- 
cated men  have  now.     Since  this  is  done  in  fact,  we  must  infer  that  this  matter 
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is  not  hcM  to  \)c  vitally  important  l>y  educators  ;uk1  thcn-fon'  not  so  iniportaiit 
as  Anicrica's  position  in  the  strufjcpjlc  for  trade. 

As  to  the  statenuMit  that  no  nation  has  n'ceded  from  th«'  nietrio  systx-ni,  we  are 
informed  that  on  tlie  contrary  in  IVance  itself  the  English  system  of  screw  thn*ads 
is  now  in  use,  and  a  strupjrie  is  ^oinp  on  which  may  ultimat<.'ly  result  in  its  ex- 
clusive use  if  the  United  States  maintain  their  position. 


C.  S.  Pkihck, 
Wm.  Sellkiw. 


Washinirton.  1).  C. 

April  17,  1!K)2. 


APPENDIX  XVir. 
Earlier  American  Reports  ox  the  Metric  System. 

FROM  A  pamphlet  ENTITLED   "  THE   COMPULSORY  INTRODUCTION  OF  THE   FRENCH 
METRICAL  SYSTEM  INTO  THE  UNITED   STATES."     PUBLISHED    liY   WILLIAM   SELLERS, 

1902. 

The  report  of  John  Quincy  Adams  in  1S21,  and  the  reports  of -the  University 
Convocation  of  the  State  of  New  York,  18G6  to  1872.  orifrinatod  in  the  expectation 
that  the  French  metric  system  would  be  adopted,  but  tlie  investigations  of  both 
resulted  in  its  rejection.  These  show  that  at  no  previous  period  in  our  history 
was  it  believed  that  the  adoption  of  that  system  would  be  ad\antageous.  Since 
then  the  development  of  our  mechanic  arts  has  been  enormous,  and  it  will  not  be 
pretended  by  any  one  that  a  decimal  system  of  metrology  would  be  as  desirable  in 
these  arts  as  our  binary  divisions  and  our  duodecimal  measures.  It  would  seem, 
therefore,  that  at  no  future  period  could  it  be  expected  that  a  purely  decimal  sys- 
tem of  metrology  would  be  acceptable.  For  this  go\'ernmcnt  to  adopt  alone  any 
modified  metric  system,  would  be  to  provide  additional  varieties  of  weights  and 
measures  which  would  probably  find  few  users. 


APPENDIX  XVIII. 

The  Purpose  and  Effect  of  the  Proposed  Legislation  in  Favor  of  the 

Metric  System. 

In  March,  1896,  the  Committee  of  Coinage,  Weights  and  Measures  introduced 
in  the  House  of  Representati^'es  a  bill  providing : 

'■  1  That  from  and  after  the  first  day  of  July,  1898,  all  the  departments  of 
the  government  of  the  United  States,  in  tran.saction  of  all  business  requiring  the 
use  of  weight  and  measurement  except  in  completing  the  survey  of  the  public 
lands,  shall  employ  and  use  only  the  weights  and  measures  of  the  metric  system. 

'*2  That  from  and  after  the  first  day  of  January,  1901,  the  metric  system  of 
weights  and  measures  shall  be  the  only  legal  system  of  weights  and  measures  recog- 
nized in  the  United  States." 
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Tho  hill  in(n)(luc(>(I  in  (lu^  House  of  Representatives  in  1902,  and  withdrawn 
in  February,  190;^,  with  the  intention  of  introducinji;  it  at  the  next  session  of  Con- 
gress, is  the  same  bill  with  the  dates  189(S  and  1901  ehang(id  respectively  to  1904 
and  1907,  except  that  the  word  "only  "  in  the  second  chiuse  is  omitted,  the  word 
"standard  "  is  sul)stituted  for  "  system,"  and  "of  and  in  ''  for  "  recognized  in." 

The  diffi^rence  between  the  two  bills  is  that  the  first  provides  that  the  metric 
system  shall  be  "  tli(>  only  legal  syst,em,"  and  the  second  provides  that  it  shall  be 
"  the  legal  standard." 

The  acknowledged  comj)ulsory  feature  of  the  bill,  namely,  that  the  government 
must  use  the  metric  system  (except  in  the  pul)lic  land  surveys)  means  that  all 
measurements  in  contracts  entered  into  by  private  citizens  for  government  work 
shall  be  expressed  in  terms  of  the  metric  units.  This  would  cause  existing  stand- 
ard sizes  to  be  expressed  in  equivalent  metric  terms,  with  the  resulting  incon- 
venience and  confusion,  or  else  new  specifications,  drawings,  patterns,  gauges,  etc. 
must  be  prepared  to  accommodate  the  sizes  to  convenient  exact  metric  dimen- 
sions. This  e\ddently  involves  the  abandonment  of  existing  standards,  a  matter 
of  serious  importance,  especially  in  the  Navy  Department. 

If  any  confusion  exists  in  our  English  system  from  having  too  many  units  of 
length,  weight  and  volume,  the  confusion  would  only  be  added  to  by  having  the 
government  use  a  different  system  of  measurement  from  the  rest  of  the  people. 


FROM  AN  EDITORIAL  IN  THE   ''  AMERICAN  MACHINIST,"  MARCH   20,    1903. 

Director  S.  W.  Stratton  of  the  National  Bureau  of  Standards,  favors  the  pend- 
ing bill,  but  he  does  not  believe  in  any  attempt  to  make  the  use  of  the  metric  system 
compulsory  nor  in  the  possibility  of  legislation  looking  to  that  end  being  enforced; 
but  he  believes  the  present  bills  are  beneficent  because  they  provide  that  after  a 
certain  date  the  United  States  Government  shall  become  a  large  buyer  of  tools 
and  machinery  made  in  accordance  with  the  metric  system.  Of  course,  the  gov- 
ernment will  pay  for  this  work,  and  all  who  bid  upon  it  wiU  be  upon  an  equal  foot- 
ing, so  far  as  the  use  of  the  metric  system  is  concerned,  and  can  make  their  esti- 
mates and  bids  in  accordance  with  whatever  extra  expense  may  be  entailed 
thereby.  Thus,  then,  manufacturers  wall  be  paid  by  the  government  for  the 
equipment  that  Mr.  Stratton  and  many  others  believe  will  become  increasingly 
necessary  or  important  to  the  American  manufacturer  in  carrying  on  his  foreign 
trade.* 

The  pending  bill  simply  aims  to  make  it  commercially  advantageous  for  manu- 
facturers dealing  with  the  United  States  Government  after  a  certain  date  to  sup- 
ply articles  made  to  metric  measurements.     Is  there  an}-  hardship  in  that?  f 


*That  is,  the  manufacturer  who  wishes  to  do  government  work  will  be  compelled  to  invest 
some  of  his  capital  in  procuring  this  necessary  equipment,  and  will,  if  the  government  orders 
a  suflScient  amount  of  his  products,  be  paid  by  the  government,  that  is,  by  the  taxpayers, 
who  provide  the  funds  of  the  government  for  such  equipment. — W.  K. 

t  The  pending  bill  simply  aims  to  make  it  commercially  disadvantageous  for  manufacturers 
who  do  not  wish  to  provide  the  equipment  necessary  to  supply  articles  made  to  metric 
measurements.     Is  not'this  a  hardship  ? — W.  K. 
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JUOM  THE  Ol'INlON  (non-official)    OF  ATTOUNEY-tiENEUAL  KNOX,  FEUUUAUY  21, 

1002. 

(Anicrintn  ^f(l(^hinist,  M.-inli  20,   WHY.l) 

The  purp()S(>  and  ('(Tcct  of  each  ol"  tli('S(>  hills  is  lo  csdihlisli  I  lie  iiichic  syslcni 
as  the  l(\i;al  slaiulard  of  wcm^IiCs  and  incasiircs  in  (Ii(>  United  States,  and  lo  re(|uire 
ail  governnuMit  de|)arlinents  to  use  only  that  system,  except  in  completing  tlie 
survey  of  the  puhlie  lands.  This  comes  far  short  of  attemptinji;  to  compel  the 
peoj^le  to  use  only  that  system,  or  prohibit inp;  to  them  the  use  of  any  other  or 
makinjjj  invalid  contracts  expressed  in  otiuT  terms.  Indeed,  as  eacli  hill  prohibits 
to  the  departments  the  use  of  an}'  other  system,  by  a  familiar  rule  of  construction 
this  \vill  be  taken  as  the  only  prohibition  intended,  and  it  will  end  there. 

But  a  nef>;ative  answer  to  your  question  do(\s  not  depend  upon  a  mere  rule  of 
int(TpnMation,  but  is  based  upon  nuich  broader  grounds.  The  result  referred  to — 
the  making  contracts  illegal  for  this  cause — can  be  accomplished,  if  at  all,  only  by 
clear  provision  to  tliat  effect,  and  there  is  nothing  of  that  kind  in  either  of  these 
bills,  which,  as  to  this,  morel}^  declares  that  a  system  different  from  that  now  in 
common  use  shall  be  the  legal  standard.  This  by  no  means  declares  that  no  other 
system  shall  be  legal  or  be  used. 

The  terms,  figures  and  characters  in  common  and  almost  universal  use  in  our 
system  of  weights  and  measures  are  just  as  nmch  parts  of  the  English  language  as 
is  any  other  portion  of  that  language,  and  to  forbid  to  the  people  their  use  would 
require  as  clear  an  expr(\ssion  of  the  legislative  will  as  it  would  to  forbid  the  use  of 
that  language  in  other  matters,  even  if  that  would  be  effective.  It  may  well  be 
doubted  if  it  would  be  within  the  competency  of  Congress  to  forbid  to  the  people, 
for  this  or  for  any  other  legitimate  purpose,  the  use  of  this  or  any  other  portion  of 
the  language  in  which  our  Constitution,  our  laws  and  our  literature  are  written, 
and  in  whicli  we  orall}'  express  our  thoughts  and  feelings.  I  r.m  of  opinion  that 
neither  of  the  bills  referred  to,  if  enacted  into  law,  would  at  all  affect  the  legality 
or  validity  of  any  contract  thereafter  made  because  expressing  its  stipulations  as 
to  weight  or  measure  in  terms  other  than  those  of  the  metric  system. 

Respectfully, 

(Signed)  P.  C.  Knox, 

Attorney  General. 


FROM   A    PAMPHLET   BY   WILLIAM    SELLERS,    1902,. 

What  object  have  the  advocates  of  the  metric  system  for  inserting  this  clause 
concerning  departments  in  the  bill;  simply  that  Congress  could  enforce  the  law 
upon  its  departments,  and  the  introduction  there  would  react  upon  the  country 
at  large,  to  induce  a  more  extended  use  of  it.  The  argument  already  stated 
against  the  destruction  of  the  inch  standard,  is  just  as  important  for  the  depart- 
ments of  the  United  States  engaged  in  mechanical  pursuits  as  it  is  for  similar  pur- 
suits throughout  our  country.  Such  legislation  in  favor  of  the  French  s3-stem  of 
metrolog}^  at  a  time  when  our  mechanics  are  more  than  satisfied  that  our  own 
basis  of  measurements  is  superior  to  the  French,  is  unwise. 


710  COMMITTEE   RErOKT   ON    TilE   METRIC    SYSTEM. 

APPENDIX  XIX. 

Concerning  Compulsory  Legislation.  ] 

There  is  considerahlo  difTerencc  of  opinion  as  to  whothor  it  was  the  intention  Oi 
the  frani(>rs  of  the  bill  before  the  last  Congress  that  it  should  make  the  metric 
system  compulsory  upon  the  p(n)ple  of  the  United  States. 

The  ori<j;inal  bill,  introduced  in  1896, said:  "That  from  and  after  the  first  day 
of  Jamiary,  1901,  the  metric  system  of  weights  and  measures  shall  be  the  only 
legal  system  of  weights  and  measures  recognized  in  the  United  States";  and  the 
bill  of  1902  (H.  R.  No.  123) said  the  metric  system  "shall  be  the  legal  standard  of 
weights  and  measures  of  and  in  the  United  States."  Attorney-General  Knox 
says  "  this  comes  far  short  of  attempting  to  compel  the  people  to  use  only  that 
system." 

Mr.  Southard,  Chairman  of  the  Committee  of  Coinage,  Weights  and  Measures, 
however,  at  the  hearing  before  the  committee  in  Washington  (see  Mr.  Halsey's 
paper,  p.  620),  said  that  "the  people  would  have  to  adopt  the  system  after 
1907." 

If  it  was  not  intended  that  the  system  be  made  compulsory  then  why  was  not 
the  last  clause,  in  which  the  words  "the  legal  standard"  occurs,  stricken  out  of 
the  bill? 

Mr.  Southard  was  asked  this  question  during  the  discussion  at  the  New  York 
meeting  of  the  A.  S.  M.  E.  (Mr.  Halsey's  paper,  p.  612),  and  he  replied: 

"It  is  possible  that  the  gentleman  who  introduced  the  bill  thought  it  might 
have  some  effect.  I  do.  not  suppose  there  would  be  any  objection  to  eliminating 
these  words.  It  certainly  can  ha^'e  no  effect  so  far  as  compelling  anybody  con- 
cerned, and  it  is  a  self-e\-ident  proposition  to  me  that  without  some  kind  of  a 
penalty  for  a  violation  of  its  pro\isions  it  could  not  be  deemed  compulsor}-." 

If  this  clause  of  the  bill  is  not  compulsorj'^,  and  if,  as  Attorney-General  Knox 
appears  to  hold,  no  bill  making  the  metric  system  the  legal  standard  or  the  only 
legal  standard  can  by  any  act  of  Congress  be  made  compulsory  upon  the  people, 
why  is  not  the  clause  stricken  out?  Why  should  Congress  be  asked  to  pass  a  bill 
which  the  highest  legal  authority  shows  will  be  a  dead  letter  ? 

But  if  the  clause  is  stricken  out,  what  remains  of  the  bill?  An  act  making  it 
compulsory  upon  the  departments  of  the  government  to  use  the  metric  sj^stem 
after  January  1,  1904.  And  for  whose  benefit,  and  for  what  end?  Not  for  the 
benefit  of  the  departments  or  of  the  government  as  a  whole.  They  have  not 
asked  for  the  bill.  It  will  confessedly  entail  upon  the  government  a  great  expense 
and  trouble,  and  it  will  make  trouble  for  every  one  who  bids  on  a  government 
contract.  It  will  cause  the  government  to  use  in  all  its  commercial  transactions 
a  different  language  from  that  of  the  people. 

Why  should  Congress  pass  a  law,  not  demanded  by  the  departments  or  by  the 
people,  which  will  give  the  government  and  those  who  deal  with,  the  government 
so  much  trouble,  with  no  compensating  advantage  whatever?  Merely  because 
the  metric  advocates,  a  very  small  fraction  of  the  people,  who  have  been  conduct- 
ing a  metric  propaganda  for  thirty  years,  wish  the  government  to  undertake  the 
education  of  the  people  in  a  system  of  weights  and  measures  which  the  people  do 
not  want.  They  wish  as  they  say  to  "try  it  on  the  dog." 
John  Quincy  Adams,  in  his  report  in  1821,  said : 
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The  |)()\v<'r  of  (lie  It '^islnlor  is  limited  ()\rr  the  will  aiid  aclioiis  of  liis  siihjecjs. 
His  coMfiicl  with  (hem  is  dcsixTale  when  he  coinitcracts  (heir  settled  haltits. 
Hn'ir  estal)lish»(l  usaires,  their  donK-slic  and  indixidiiai  ecoiioiiiy,  their  if^iioraric**, 
(heir  prejudices  and  t  heir  wants,  all  which  is  iinaxoidaMe  in  I  he  at  tempt  radicallv 
(()  change  or  to  oriiiinate  a  totally  new  system  of  wei<i;hts  and  measures. 


APPP^NDIX   "XX. 

Conclusions — Vnow  Mu.  Halsey's  Papku. 

1  As  sho\Mi  by  tlio  oxperii^ncc  of  other  countries,  tlio  change  of  a  people's  sys- 
(eni  of  W(>i<2:h(s  and  nu>asures  is  a  (ask  of  (Miormous  difricul(y  and  is  attended  by 
widespread  confusion.  It  may  then  be  considered  as  proven  that  with  us,  and 
especially  without  general  compulsory  laws,  which  the  metric  advocates  disclaim, 
(he  transition  period  will  last  for  a  century. 

2  Th(^  adop(ion  of  (he  m(»(ric  system  involves  the  destruction  of  all  mechanical 
standards,  mc^aning  by  that  term  the  redrement  of  the  inch  and  the  substi(u(ion 
therefor  of  the  millimetre. 

3  The  prosperity  of  our  foreign  trade  in  no  wise  recjuires  the  adoption  of  the 
system  as  a  basis  of  manufacture. 

1  The  bill  now  before  (^ongress  is  a  compulsor}'  measure  so  far -as  it  relates  to 
(hose  who  do  business  with  an}-  of  the  departments  of  the  government. 

APPENDIX    XXI. 
What  is  the  Use  of  Further  Argument  by  the  Metric  Advocates? 

There  has  been  more  or  less  agitation  of  the  metric  system  by  its  advocates  in 
the  United  States  for  over  eighty  years — ever  since  1817,  when  John  Quincy 
Adams,  then  Secretary  of  State,  was  asked  to  report  to  the  Senate  upon  the  sub- 
ject. For  the  last  thirty  years  the  agitation  has  been  acute.  Societies  have  been 
formed  to  carry  on  the  agitation,  and  many  bills  have  been  introduced  in  Congress 
with  (he  intention  of  forcing  the  metric  system  upon  the  people  of  the  United 
States,  but  with  no  result  except  to  continue  the  agitation. 

It  now  appears,  according  to  the  opinions  of  the  Attorney-General,  of  the 
chairman  of  the  Committee  of  Coinage,  Weights  and  Measures,  and  of  many  of 
the  best  informed  of  the  metric  advocates  that  it  is  not  within  the  power  of  Con- 
gress to  enact  any  valid  law  making  the  metric  system  compulsory  on  the  people* 
of  the  United  States. 

It  also  appears  that  the  people  of  no  nation  have  ever  changed  their  system  of 
weights  and  measures  voluntarily.  The  metric  system  has  been  brought  into 
use.  in  those  countries  which  have  adopted  it,  onh^  b}"  compulsory  legislation. 

The  people  of  the  United  States  have  been  born  and  brought  up  under  the  Eng- 
lish system.  It  is  part  of  their  daily  life  and  habit.  No  powder  on  earth  can  force 
the  American  carpenter  to  give  up  his  two-foot  rule.  He  will  not  give  it  up  of  his 
own  free  will.  English  measures  of  length  are  "tied  irrevocably  to  the  past." 
The  American  people  cannot  give  them  up  if  they  would. 

Even  if  the  metric  system  were  far  superior  to  the  English  system,  which  it  is 
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not,  and  oven  if  it  wore  possible  to  enforce  it  by  compulsory  legislation,  which  it 
is  not,  th(^  enormous  cost  of  introducing  it,  the  vast  trouble  and  confusion  it  would 
cause  during  the  transition  period  for  at  least  two  generations,  the  abandonment 
of  our  mechanical  standards,  upon  which  are  based  the  present  system  of  inter- 
changeability  of  parts  of  manufactured  articles,  the  making  worthless  of  the 
greater  portion  of  our  technical  literature,  make  the  price  too  great  to  pay  for  any 
advantages,  real  or  supposed,  of  the  metric  system. 

The  voluntary  adoption  by  the  people  of  the  United  States  of  th(^  metric  system 
of  weights  and  measures  is  no  more  probable  than  their  adoption  of  the  French 
language.  It  cannot  l)e  forced  on  them  by  law.  Further  discussion  of  the  sub- 
ject therefore  is  merely  academic;  it  can  result  in  nothing  practical.  AVould  it 
not  be  well  now  for  the  metric  advocates  to  drop  the  subject,  and  devote  their 
ability  and  energy  to  some  less  visionary  reform,  such  as  the  improvement  of 
English  spelling,  or  the  unification  of  the  coinage  and  currency  of  all  nations? 
Too  much  time  has  already  been  wasted  in  discussion  of  the  metric  system.  Let 
the  case  be  closed. 
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IVo.  97:1.* 

FISAL  REPORT  OF  THE  COMMITTEE  ARROIMIJD 
TO  STANDARDIZE  A  SYSTEM  OF  TESTING 
STEAM  ENG1NES.\ 

To  The  Ameuicax  Society  of  Mechanical  Engineers, 

.  Gentlemen :  The  undersigued  Committee,  appointed  in  June, 
1898,  to  codify  and  standardize  the  methods  of  making  engine 
tests,  report  as  follows  : 

The  ultimate  object  of  an  engine  test,  using  the  term  in  its 
most  important  sense,  is  the  determination  of  the  economy  with 
which  the  engine  produces  a  given  amount  of  power.  In  steam 
engines  the  economy,  as  usually  ascertained,  relates  to  the  weight 
of  steam  consumed,  or  to  the  quantity  of  coal  required  to  make 
the  steam,  or  to  the  number  of  heat  units  supplied  ;  Avhile  in  other 
heat  engines  it  relates  to  the  amount  of  gas,  oil,  or  other  fuel 
burned.     The  elementary  quantities  concerned  are  thus  two  in 

*  Presented  at  tbe  New  York  meeting  (December,  li)02)  of  tlie  American  Society 

of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.   of  tbe   Trans- 

actions. 
f  For  further  discussion  on  this  topic  consult  Transactions  as  follows  : 

Xo.  359,  vol.  xi.,  p.  72:  "Tables  of  the  Properties   of  Steam.     Their  Use   in 
Study  of  Steam-engine  Experiments."     V.  Dwelsbauvers-Dery. 

Xo.  381,  vol.  xi.,  p.  6.')4  :  "  Report  of  Committee  on  a  Standard  Method  of  Con- 
ducting Duty  Trials  of  Pumping  Engines." 

Xo.  381,  vol.  xii.,  p.  530  :  Revised  Report  as  ai)ove. 

No.  451,  vol.  xii.,  p.  790  :  "  Application  of  Hirn's  Analysis  to  Engine  Testing." 
R.  C.  Carpenter. 

Xo.  44S,  vol.  xii.,  p.  740  :  "Application  of  Ilirn's  Analysis  to  Multiple-ex]>an- 
sion  Engines."'     Cecil  H.  Peabody. 

Xo.  552,  vol.  xiv.,  p.  1312  :  "  Report  of  the  Committee  on  a  Standard  Method  of 
Conducting  Locomotive  Tests." 

Xo.  601,  vol.  XV.,  p.  1103  :  "  Heat  Units,   and  Specifications  for   Pumping  En- 
gines."    A.F.  Hall. 

No.  781,  vol.  xix.,  p.  713  :  "  Plea  for  a  Standard  Method  of  Conducting  Engine 
Tests."     Geo.  H.  Barrus. 

Xo.  786,  vol.  xix.,  p.  828  :   "  Extension  of  the  Standard  Uniform  Methods  of  Con- 
ducting and  Reporting  Steam-engine  Tests."     Bryan  Donkin. 
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numlxu* ;  viz.,  tlie  {imouiit  of  stoam,  fuel,  or  lieat,  as  tlio  caso  may 
1)0,  coiisiimod,  and  tlie  amouiifc  of  power  (levelo])ed.  How  to  de- 
termine tliese  (quantities  and  to  syst(;matize  the  work  in  such  a 
way  as  to  serve  as  a  standard  method  of  test  is  the  leading 
problem  before  us. 

It  is  evident  that  the  standardizing  of  methods  of  test  should 
be  of  such  scope  as  not  only  to  make  rules  for  obtaining  the 
necessary  data  and  working  out  tlie  results,  but  to  determine  a 
standard  form  of  expressing  the  results,  and  standard  units  in 
which  they  should  be  stated.  Furthermore,  the  scheme  pro- 
posed should  be  broad  enough  to  apply  to  all  the  principal 
classes  of  engines,  whatever  the  nature  of  their  service  in  prac- 
tical work,  and  do  this  not  only  in  a  scientific,  but  in  a  prac- 
tical way,  without  conflicting  with  the  recommendations  of 
former  committees  of  the  Society  relating  to  pumping-engine 
tests,  locomotive  tests,  and  boiler  tests.  In  short,  the  work  of 
the  committee  should  be  one  of  systematizing  the  whole  subject 
of  engine  and  steam-plant  testing.  With  this  end  in  view 
they  offer  the  report  of  their  labors. 

1.  As  a  first  step,  selection  must  be  made  of  the  units  upon 
which  the  results  of  a  standard  test  should  be  based,  and  the  form 
in  which  the  results  should  be  expressed.  The  only  common 
ground  on  w^hich  the  various  classes  of  heat  engines  stand  is 
that  every  one  depends  for  its  operation  upon  the  use  of  heat. 
Whether  employed  through  the  medium  of  combustion  of  fuel 
in  a  boiler  furnace,  or  combustion  in  the  interior  of  the  engine 
cylinder,  the  active  energy  has  its  origin  in  heat.  Fuels  are 
proverbially  of  uncarfcain  quality,  whatever  their  class.  Steam 
boilers  are  of  variable  efficiency,  even  with  fuels  of  identical 
quality.  In  a  steam  engine  the  weight  of  steam  consumed 
is  an  unsatisfactory  measure  of  performance,  for  the  reason  that 
the  true  thermal  economy  is  affected  by  the  amount  of  the  initial 
pressure,  by  the  quality  of  the  steam,  and  by  the  disposition 
which  is  made  of  the  rejected  heat  of  the  engine.  Measurement 
on  the  heat-unit  basis  takes  account  of  all  these  variables.  It 
seems  to  be  a  foregone  conclusion,  therefore,  that  the  standard 
of  consumption,  not  only  for  steam  engines,  but  for  all  classes 
of  heat  engines,  should  be  referred  to  heat  units. 

The  unit  of  mechanical  power  almost  universally  adopted  is 
the  "  horse-power,"  and  by  common  agreement  it  is  a  satisfac- 
tory unit  expressive  of  the  power  developed  by  an  engine.     If  it 
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woio  ])i)ssil»l>^  ill  (^vory  Ccaso  to  dcterniiiH^  tho  useful  ])Ower 
iloliv(^nMl  l)v  ;in  (Mijjjine,  or  wliat  is  terincd  in  somo  instaiiccis  tlio 
*'  brake  liorsc-power,"  tlioro  would  bo  good  ground  for  making 
the  unit  tlio  dolivered  power;  but  such  d(^t(uininati(His  are 
rarely  feasible.  On  the  other  hand,  it  is  not  always  possible  to 
obtain  the  indicated  horse-])ower,  as,  for  example,  in  the  case  of 
steam  turbines.  It  is,  therefore,  necessary  to  employ  two  units 
of  power ;  viz.,  the  indicated  and  the  brake  horse-power. 

The  expressions  of  engine  economy  which  meet  all  the  re- 
quirements noted  are  the  number  of  heat  units  consumed  per 
hour,  both  per  indicated  and  per  brake  horse  power,  and  these 
we  recommend  as  the  desired  standards  of  comparison.  The 
heat-unit  standard  does  not  interfere  in  any  way  with  the 
common  terms  of  expressing  economy  of  engines.  The  liourly 
weights  of  coal,  gas,  oil,  or  other  fuel,  or  weight  of  steam 
consumed  per  horse-power,  heretofore  commonly  employed, 
are  additional  forms  of  stating  economy,  and  are  none  the  less 
useful  within  their  limitations.  They  should  by  no  means  be 
abandoned.  Neither  should  the  standard  forms  recommended 
for  expressing  the  duty  of  pumping  engines,  or  the  efficiency  of 
locomotives,  previously  accepted  by  the  Society,  be  changed, 
as  they  do  not  conflict  w^tli  the  proposed  new  standard.  In 
the  scheme  now  presented  by  your  Committee  these  additional 
or  subsidiary  forms  of  stating  economy,  as  aj^plied  to  particular 
classes  of  engines,  are  suitably  provided  for. 

The  heat-unit  expression  of  economy  does  not  in  itself  show 
whether  the  engine  is  w^orking  to  its  best  advantage  any  more 
than  the  expression  of  the  steam  consumption ;  this  must  be 
determined  by  an  analysis  of  the  conditions  as  to  initial  and  final 
pressures,  cut-olf,  etc.,  under  which  the  engine  works. 

2.  The  heat  consumption  of  a  steam-engine  plant  required  for  the 
standard  test  is  ascertained  by  measuring  the  quantity  of  steam 
consumed  by  the  plant,  calculating  the  total  heat  of  the  entire  quan- 
tity, and  crediting  this  total  w^th  that  portion  of  the  heat  rejected 
by  the  plant,  which  is  utilized  and  returned  to  the  boiler.  The 
term  "  engine  plant"  as  here  used  should  include  the  entire  equip- 
ment of  the  steam  plant  which  is  concerned  in  the  production  of 
the  power,  embracing  the  main  cylinder  or  cylinders  ;  the  jackets 
and  reheaters ;  the  air,  circulating,  and  boiler  feed  pumps,  if 
steam  driven ;  and  any  other  steam-driven  mechanism  or  auxil- 
iaries necessary  to  the  working  of  the  engine.     It  is  obligatory 
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to  tlius  charge  the  engine  with  the  steam  used  bj  necessary 
auxiliaries  in  determining  the  ])Lant  economy,  for  the  reason  that 
it  is  itself  finally  benefited,  or  should  be  so  benefited,  by  the 
heat  whicli  they  return ;  it  being  generally  agreed  that  exhaust 
steam  from  such  auxiliaries  should  be  ])assed  through  a  feed- 
water  heater,  and  the  heat  thereby  carried  back  to  the  boiler 
and  saved. 

The  heat  consumption  of  gas  and  oil  engines  of  the  internal 
combustion  class  is  found  by  ascertaining  the  total  heat  of 
combustion  of  the  particular  fuel  used,  whicli  should  be  deter- 
mined by  a  calorimeter  test^  and  multiplying  the  result  by  the 
quantity  of  fuel  consumed.  In  determining  the  total  heat  of 
combustion,  no  deduction  is  made  for  the  latent  heat  of  the  water 
vapor  in  the  products  of  combustion. 

3.  The  indicated  horse-power  for  the  proposed  standard  is 
that  determined  by  the  use  of  steam-engine  indicators.  It 
should  be  confined  to  the  power  developed  in  the  main  cylinder 
or  cylinders,  and  should  not  include  that  developed  in  the 
cylinders  of  auxiliaries. 

We  do  not  recommend  any  special  make  of  indicator  or 
special  method  of  applying  and  operating  the  instrument.  It 
is  of  the  greatest  importance  that  the  indicator  itself  and  the 
mode  of  using  it  shall  be  correct  and  pass  the  necessary  test 
for  reliability  demanded  by  correct  work. 

4  We  have  given  due  attention  to  the  report  of  the  committee 
appointed  by  the  Institution  of  Civil  Engineers,  of  London,  to  con- 
sider and  report  upon  the  subject  of  the  "  Definition  of  a  Standard 
or  Standards  of  Thermal  Efficiency  for  Steam  Engines,"  published 
in  Proceedings,  1898,  which  recommends  a  heat-unit  standard  sim- 
ilar to  that  proposed  by  your  Committee.  The  British  standard 
takes  no  account  of  the  steam  used  by  steam-driven  auxiliaries, 
and  it  assumes  the  ideal  condition  that  the  heat  rejected  by  the 
engine  and  returned  to  the  boiler  is  that  corresponding  to  the 
pressure  of  the  steam  in  the  exhaust  pipe,  irrespective  of  the 
actual  means  employed  for  utilizing  the  rejected  heat.  This 
basis  of  efficiency  furnishes  a  useful  means  of  comparing  the 
economy  of  different  engines  in  themselves,  and  of  the  same 
engine  under  different  conditions,  all  questions  regarding  aux- 
iliaries and  the  efficiency  of  appliances  used  for  heating  the 
feed  water  being  treated  separately. 

We  have  embodied  the  British  standard  in  this  code,  but  we 
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cousiJer  that  in  most  cases  sufticiont  accuracy  will  Ix'  ()l)tained 
by  taking  tho  heat  returned  to  the  ])()ih'r  as  that  corresponding 
to  tlie  t(Mn])eraturo  of  steam  at  tlio  pi-essuio  of  the  atmosphere  for 
uon-contUmsing  engines,  and  to  tho  vacuum  in  the  conchmser 
for  condensing  (Migines,  in  phxce  of  that  corn^sponding  to  Ihe 
pressure  in  the  exhaust  l)ipe. 

5.  AVe  have  cliosen  as  one  of  the  important  subsidiaiv  forms 
of  expressing  etttciency  that  based  on  a  so-called  "standard 
coal"  unit.  The  assumption  is  made  that  the  heat  consumed 
by  the  engine  is  generated  from  coal  of  a  fixed  heat  value,  as 
implied  by  the  term  "  standard  coaL" 

The  term  "standard  coal"  refers  to  a  coal  Avhich  imparts  to 
the  steam  10,000  British  thermal  units  for  each  pound  of  the 
dry  coal  consumed.  It  is  coal  having  a  calorific  value  of  12,500 
British  thermal  units  used  in  what  may  be  termed  a  "  standard 
boiler,"  which  gives  an  efficiency  of  80  per  cent,  (referred  to  the 
coal).  Although  chosen  arbitrarily,  tliese  figures,  as  a  matter 
of  fact,  apply  closely  to  the  average  coals  o:  the  United  States, 
and,  furthermore,  the  latter  figure  is  in  accord  with  that 
adopted  by  the  Locomotive  Test  Committee. 

6.  In  carrying  forward  our  work,  the  general  plan  followed 
is :  first,  to  satisfy  the  special  object  in  view,  that  is,  to  lay 
down  the  form  of  test  which  shall  serve  as  a  standard  for  all 
steam  engines,  whatever  their  service,  viz.,  the  heat-unit  test  ; 
second,  to  supplement  the  standard  system  thus  framed  with 
provisions  for  systematically  determining  other  forms  of  ex- 
pressing efficiency  of  steam  engines,  as  in  cases  where  it  is 
desired  to  base  the  economy  on  the  steam  or  fuel  consumption ; 
third,  and  as  a  further  supplement,  to  standardize  the  methods 
of  testing  steam  engines  and  results  obtained  witli  reference  to 
their  particular  service,  so  far  as  this  has  not  heretofore  been 
accomplished;  and  fourth,  to  systematize  the  work  of  testing  gas, 
oil,  and  other  internal  combustion  engines.  The  tables  of  data 
and  results  which  are  recommended  are  planned  accordingly. 

Although  engine  testing  is  a  species  of  scientific  investigation, 
we  have  kept  in  mind  the  fact  that  the  one  thing  of  higliest 
importance  is  the  practical  result  secured,  not  alone  by  the 
engine,  but  by  the  auxiliaries  as  well.  We  have  thus  viewed  the 
subject  from  the  standpoint  of  the  owner  and  user.  At  the  same 
time  we  have  endeavored  to  secure  a  plan  of  such  breadth  that 
whatever  the  special  object  of  the  engine  test,  whether  it  be  a 
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scientific  investigation,  a  practical  determination  of  every-day 
performance  in  the  interest  solely  of  the  owner  of  the  engine,  who 
must  defray  the  expenses  of  its  operation,  or  a  test  in  the  interest 
of  the  engine  bulkier,  Avith  the  object  of  showing  the  capability 
of  the  machine  and  using  this  information  for  purposes  of  ad- 
vertising and  trade,  it  will  prove  sufficient  and  suitable  for  all. 

7.  To  make  the  work  complete,  attention  has  been  given  to 
the  subject  of  commercial  tests  of  steam  engines  ;  that  is,  to 
coal  tests  of  the  combined  engine  and  boiler  under  conditions  of 
commercial  use.  Such  tests  are  of  the  greatest  importance  to 
the  user  of  a  plant,  and  they  demand  consideration. 

8.  In  treating  of  the  subject  of  engine  testing  as  relating 
primarily  to  the  determination  of  matters  of  economy,  it  must 
not  be  forgotten  that  capacity  is  often  of  even  greater  impor- 
tance than  economy.  In  that  large  class  of  steam  engines 
which  are  required  to  run  at  a  certain  limited  and  constant 
speed,  there  should  be  ,a  considerable  reserve  of  capacity  be- 
yond the  rated  power.  It  is  our  recommendation  that  when  a 
steam  engine  is  operating  at  its  rated  power  at  a  given  pressure 
there  should  be  a  sufficient  reserve  to  allow  a  drop'  of  at  least 
15  per  cent,  in  the  gauge  pressure  without  sensible  reduction 
in  the  working  speed  of  the  engine,  and  to  allow  an  overload  at 
the  stated  pressure  amounting  to  at  least  25  per  cent. 

9.  Having  thus  briefly  referred  to  the  leading  features  of  the 
work,  the  Committee  beg  to  submit  their  conclusions  in  the  fol- 
lowing Code  of  Rules  and  Tables. 

Respectfully  submitted, 

George  H.  Barrus,  ^ 

Francis  H.  Boyer, 

Bryan  Donkin,^  y    Committee, 

D.  S.  Jacobus,  j 

George  Richmond,    j 

*  Mr.  Donkin  took  a  great  interest  in  tlie  work  of  preparing  this  report. 
His  signature  was  attached  to  the  first  two  prelimary  forms  which  were  pre- 
sented at  meetings  of  the  Society,  and  he  kept  in  close  touch  by  correspondence 
with  the  other  members  of  the  Committee  in  their  work  of  final  revision  until 
shortly  before  his  death,  which  occurred  on  March  3,  1903. 
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RULES    1X)K    CONDUCTING     STEAM-ENGINE    TESTS. 

CODE    OF   11)0:^. 

I.  Object  of  Test.— Ascertain  at  the  outsot  tlio  speoifio 
object  of  the  test,  whether  it  be  to  determine  the  fultihnent  of 
a  contract  guarantee,  to  ascertain  the  hi«j;hest  economy  ol)tain- 
able,  to  find  the  working  economy  and  defects  under  conditi(jns 
as  they  exist,  to  ascertain  the  performance  under  special  condi- 
tions, to  determine  the  effect  of  changes  in  the  conditions,  or  to 
find  the  performance  of  the  entire  boiler  and  engine  pLant,  and 
prepare  for  the  test  accordingly. 

No  specific  rules  can  be  laid  down  ref^arding  many  of  the  prepara- 
tions to  be  made  for  a  test,  so  much  depends  upon  tlie  local  conditions; 
and  the  matter  is  one  which  must  be  left  mainly  to  the  good  sense, 
tact,  judgment,  and  ingenuity  of  the  party  undertaking  it.  One  guid- 
ing principle  must  ever  be  kept  in  mind;  namely,  to  obtain  data  which 
shall  be  thoroughly  reliable  for  the  purposes  in  view.  If  questions  of 
contract  are  to  be  settled,  it  is  of  the  first  importance  that  a  clear  un- 
derstanding be  had  with  all  the  parties  to  the  contract  as  to  the  meth- 
ods to  be  pursued — putting  this  understanding,  if  necessary,  in  writing 
— unless  these  are  distinctly  provided  for  in  the  contract  itself.  The 
preparations  for  the  measurement  of  the  feed  water  and  of  the  various 
quantities  of  condensed  water  in  the  standard  heat-unit  test  should  be 
made  in  such  a  manner  as  to  change  as  little  as  possible  the  working 
conditions  and  temperatures  of  the  plant. 

II.  General  Condition  of  the  Plant. -^Examine  the  engine 
and  the  entire  plant  concerned  in  the  test;  note  its  general  con- 
dition and  any  points  of  design,  construction,  or  operation  which 
bear  on  the  objects  in  view.  Make  a  special  examination  of  the 
valves  and  pistons  for  leakage  by  applying  the  working  pres- 
sures with  the  engine  at  rest,  and  observe  the  quantity  of 
steam,  if  any,  blowing  through  per  hour. 

If  the  trial  has  for  an  object  the  determination  of  the  highest 
efficiency  obtainable,  the  valves  and  pistons  must  first  be  made 
tight,  and  all  parts  of  the  engine  and  its  auxiliaries,  and  all 
other  parts  of  the  plant  concerned,  should  be  put  in  the  best 
possible  working  condition. 

The  method  of  testing  the  valves  and  pistons  for  leakage  in  a  Corliss 
engine,  or  one  in  which  the  admission  valves  can  be  operated  independ- 
ently of  the  exhaust  valves,  is  as  follows  :  close  the  two  steam  valves, 
open  the  two  indicator  cocks,  and  admit  a  full  pressure  of  steam  into 
the  chest  by  opening  the  throttle  valve.  The  movement  of  the  start- 
ing bar,  first  one  way  and  then  the  other,  so  as  to  close  one  exhaust 
valve  and  then  the  other,  causes  the  leakage  through  the  steam  valves 
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to  oscai)e  from  the  open  indicator  cock,  whore  it  becomes  visible.  The 
(luantity  of  leakage  is  judged  by  the  force  of  the  current  of  steam  blow- 
ing out. 

To  test  the  exhaust  valves  and  piston,  the  best  method  is  to  block  the 
flywheel  so  that  the  ])iston  will  be  at  a  short  distance  from  the  end  of 
the  stroke,  and  turn  on  the  steam.  The  leakage  escapes  to  the  ex- 
haust pij^c,  and  can  be  observed  at,  the  open  atmospheric  outlet. .  If 
the  outlet  is  not  visible,  and  there  is  a  valve  in  the  exhaust  pipe, 
this  can  be  shut  and  the  indicator  cock  opened,  thereby  deflecting  the 
steam  which  leaks,  and  causing  it  to  appear  at  the  indicator  cock. 
In  the  case  of  a  condensing  engine  where  no  atmospheric  pipe  is  pro- 
vided, and  there  is  no  opening  that  can  be  made  in  the  exhaust  pipe 
in  front  of  the  condenser,  some  idea  can  be  obtained  in  regard  to  the 
amount  of  leakage  by  observing  how  rapidly  the  condenser  is  heated. 
It  is  well  to  make  these  tests  with  the  })iston  in  different  positions,  so 
as  to  cover  the  who'e  range  of  the  length  of  the  stroke. 

Another  but  more  approximate  method  of  testing  leakage  is  called 
the  "time  method."  Instead  of  observing  the  steam  that  actually 
blows  through  the  valves  or  piston  to  be  tested,  they  are  subjected  to 
full  steam  pressure,  and  Avhen  the  parts  are  thoroughly  heated,  the 
throttle  valve  is  shut  and  the  length  of  time  observed  which  is  required 
for  the  pressure  to  disappear.  In  testing  the  piston  and  exhaust 
valves,  the  flywheel  is  blocked  as  before,  and,  preferably,  an  indicator 
is  attached,  and  a  line  drawn  on  a  blank  card  at  intervals  of,  say,  one- 
quarter  of  a  minute  after  the  valve  is  shut,  thereby  making  a  record 
of  the  fall  of  the  pressure.  In  a  tight  engine  the  fall  of  the  pressure 
is  slow,  whereas  in  a  leaky  engine  it  is  sometimes  very  rapid.  The  rela- 
tive condition  of  the  engine  as  compared  with  a  tight  engine  must  be 
judged  by  an  observer,  who  must,  of  course,  have  had  experience  in 
tests  of  this  kind  on  engines  in  various  conditions. 

The  leakage  of  a  piston  can  always  be  determined  by  removing  the 
cylinder  head  and  observing  what  blows  through  the  open  end  with  the 
pressure  of  steam  behind  it.  The  advantage  of  the  "time  method  "  is 
that  it  saves  the  labor  and  time  required  in  removing  the  cylinder  head 
and  replacing  it,  which,  in  cases  of  large  engines,  is  considerable. 

Leakage  tests  of  single- valve  engines  cannot  be  made  as  satisfactorily 
as  those  of  the  Corliss  type  and  other  four- valve  engines.  The  best 
that  can  be  done  as  regards  the  valve  is  to  place  it  at  or  near  the  centre 
of  its  travel,  covering  both  ports,  and  then  make  the  test  under  full 
pressure.  The  valve  and  piston  can  be  tested  as  a  whole  by  blocking 
the  flywheel  and  opening  the  throttle  valve  in  the  same  way  as  in  other 
engines. 

In  testing  compound  engines  for  leakage,  the  work  is  somewhat 
simplified  in  case  of  any  one  cylinder,  as  compared  with  a  single 
engine.  For  example,  leakage  of  the  high -pressure  cylinder  can  be 
revealed  by  opening  the  indicator  cock  on  the  proper  end  of  the  low- 
pressure  cylinder,  the  steam  valve  of  that  cylinder  being  open.  The 
test  of  leakage  of  the  low-pressure  exhaust  valves  and  piston  when  the 
* '  time  method  "  is  used  can  be  based  on  the  indications  of  the  receiver 
gauge  instead  of  using  an  indicator.  In  that  case  the  fall  of  the  pres- 
sure due  to  leakage  is  read  directly  from  the  gauge. 


K'KI'OIM"   Ol'    COMMITTKK    OX    STANDAUDIZINCJ    ENGINIO    TKSTS.    721 

'ri'.c  tests  thus  i'.xv  referred  to  are  (|iialit;i(ive,  and  not  (jiiaiit italivo. 
It.  is  pract'cal  in  sdiiie  cases  to  determiiu^  the  (juantity  of  N'aUa^^e  under 
any  set  of  conditions  by  c()nectin«;f  the  steuin  which  passes  ihrou^li, 
con(h>nsini,^  it  and  \v(»if>:]nn<i^  it.  This  can  be  readily  done  \v])en  there  is 
a  surface  condenser,  and  it  can  be  done  in  th(!  absence  of  such  a  con- 
denser by  attacliin<i;  ii  small  pipe  to  the  exhaust,  and  carryin/,^  the 
steam  wliich  escapes  into  a  tank  of  wafer  and  condensing  it.  How 
much  dependence^  can  be  placed  upon  the  results  of  such  a  (|uantitati\je 
test  as  showinc;tlie  actual  quantity  of  leakage  which  occurs  wlien  the 
valves  and  pistons  are  in  motion  must  be  left  to  the  judgment  of  the 
person  who  makes  tlu;  test. 

"When  full  information  is  desired,  it  is  well  to  test  the  valves  and  pis- 
tons in  several  different  positions,  so  as  to  cover  the  whole  rang(!  of  action. 

In  Corliss  engines  the  leakage  of  the  piston  with  the  engine  in  opera- 
tion can  be  observed  by  removing  the  cylinder  head,  disconnecting  the 
steam  and  exhaust  valves  at  the  head  end,  and  setting  the  engine  to 
work  with  steam  admitted  at  the  crank  end. 

III.  Dimensions,  Etc. — Measure  or  clieck  tlie  dimensions  of 
the  cylinders  in  any  case,  this  being  done  when  they  are  hot.  If 
they  are  much  worn,  the  average  diameter  should  be  determined. 
Measure  also  the  clearance,  which  should  be  done,  if  possible,  by 
filling  the  spaces  with  Avater  previously  measured,  the  piston 
being  placed  at  the  end  of  the  stroke.  If  the  clearance  cannot 
be  mea-ured  directly,  it  can  bo  determined  approximately  from 
the  working  drawings  of  the  cylinder. 

Measure  also  the  dimensions  of  auxiliaries  and  accessories, 
also  those  of  the  boilers  so  far  as  concerned  in  attaining  the 
objects.  It  is  well  to  supplement  these  determinations  with  a 
sketch  or  sketches  showing  the  general  features  and  arrange- 
ment of  the  different  parts  of  the  plant. 

To  measure  the  clearance  by  actual  test,  the  engine  is  carefully  set 
on  the  centre,  with  the  piston  at  the  end  where  the  measurement  is  to 
be  taken.  Assuming,  for  example,  a  Corliss  engine,  the  best  method 
to  pursue  is  to  remove  the  steam  valv'e  so  as  to  have  access  to  the  whole 
steam  port,  and  then  fill  up  the  clearance  space  with  water,  which  is 
poured  into  the  open  port  through  a  funnel.  The  water  is  drawn  from 
a  receptacle  containing  a  sufficient  quantity,  which  has  ])reviously 
been  measured.  ^Yhen  the  whole  space,  including  the  port,  is  com- 
pletely filled,  the  quantity  left  is  measured,  and  the  difference  shows 
the  amount  which  has  been  poured  in.  The  measurement  can  be  most 
easily  made  by  weighing  the  water,  and  the  corresponding  volume  de- 
termined by  calculation,  making  pro])er  allowance  for  its  tem])erature. 
The  proportion  required  is  the  volume  in  cubic  inches  thus  found, 
divided  by  the  volume  of  the  piston  displacement,  also  in  cubic  inches, 
and  the  result  expressed  as  a  decimal.  In  this  test  care  should  be 
taken  that  no  air  is  retained  in  the  clearance  space  when  it  is  filled 
with  water, 


722      REPORT   OF   COMMITTEE   ON   STANDARDIZING   ENGINE  TESTS. 

The  only  dinicuHy  which  arl'Sos  in  iiK^asuriiig  the  clearance  in  this 
way  is  tliat  occurring  when  the  exliaust  valves  and  piston  are  not  tight, 
so  that,  as  the  water  is  ])oured  in,  it  Hows  away  and  is  lost.  If  the 
leakage  is  serious,  no  satisfactory  measurement  can  be  made,  and  it  is 
better  to  depend  upon  the  volume  calculated  from  the  drawing.  If  not 
too  serious,  however,  an  allowance  can  be  made  by  carefully  observing 
the  length  of  time  consumed  in  pouring  in  the  water  ;  then,  after  a 
portion  of  the  water  has  leaked  out,  fill  up  the  space  again,  taking  the  . 
time,  and  measuring  the  quantity  thus  added,  determining  in  this  way 
the  rate  at  which  the  leakage  occurs.  Data  will  thus  be  obtained  for 
the  desired  correction. 

IV.  Coal. — When  the  trial  involves  the  complete  plant,  em- 
bracing boilers  as  well  as  engine,  determine  the  character  of  coal 
to  be  used.  The  class,  name  of  the  mine,  size,  moisture,  and 
quality  of  the  coal  should  be  stated  in  the  rej)ort.  It  is  desirable, 
for  purposes  of  comparison,  that  the  coal  should  be  of  some 
recognized  standard  quality  for  the  locality  where  the  plant  is 
situated. 

For  New  England  and  that  portion  of  the  country  east  of  the 
Allegheny  Mountains,  good  anthracite  egg  coal,  containing  not  over 
10  per  cent,  of  ash,  and  semi-bituminous  Clearfield  (Pa.),  Cumberland 
(Md.),  and  Pocahontas  (Va.)  coals  are  thus  regarded.  West  of  the 
Allegheny  Mountains,  Pocahontas  (Va.)  and  New  River  (W.  Va.)  semi- 
bituminous  and  Youghiogheny  or  Pittsburg  bituminous  coals  are 
recognized  as  standards.     {Transactions  A.  S.  M.  E.,  vol.  xxi.,  p.  38.) 

V.  Calibration  of  Instruments. — All  instruments  and  appa- 
ratus should  be  calibrated  and  their  reliability  and  accuracy 
verified  by  comparison  with  recognized  standard^.  Such  appa- 
ratus as  is  liable  to  change  or  become  broken  during  a  test,  as 
gauges,  indicator  springs,  and  thermometers,  should  be  calibrated 
before  and  after  the  test.  The  accuracy  of  scales  should  be 
verified  by  standard  weights.  When  a  water  meter  is  used, 
special  attention  should  be  given  to  its  calibration,  verifying  it 
both  before  and  after  the  trial,  and,  if  possible,  during  its  prog- 
ress, the  conditions  in  regard  to  Avater  pressure  and  rate  of 
flow  being  made  the  same  in  the  calibrations  as  exist  through- 
out the  trial. 

(a)  Gauges. — For  pressures  above  the  atmosphere,  one  of  the  most 
convenient,  and  at  the  same  time  reliable,  standards  is  the  dead-weight 
testing  apparatus  which  is  manufactured  by  many  of  the  prominent 
gauge  makers.  It  consists  of  a  vertical  plunger  nicely  fitted  to  a 
cylinder  containing  oil  or  glycerine,  through  the  medium  of  which  the 
pressure  is  transmitted  to  the  gauge.  The  plunger  is  surmounted  by  a 
circular  stand  on  which  weights  may  be  placed,  and  by  means  of  which 
any  desired  pressure  can  be  secured.     The  total  weight,  in  pounds,  on 
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i\\o  i>lun,ir(M'  at  any  time,  iliviilcd  hy  tin-  avrnip'  an'a  of  the  pluni^'cr  and 
of  the  liusliiiii^  wliicli  rcccivt's  it,  in  si|ii;nf  Iiu-Im'S,  ^ivcs  tin.'  piOHWiin^ 
in  pounds  per  scpnuc  inch. 

Another  staiuhird  of  comparison  for  prt's.sures  is  the  inorcury  column. 
If  this  instrnincnt  is  used,  assnranco  must  be  had  that  it  is  propj-i  ly 
graduated  >viih  rcfj'rcncc  to  the  ever  varying  zero  point;  thait  tlie 
mercury  is  pun-,  and  that  the  ])roper  correction  is  nuKh;  for  any  difTer- 
ence  of  tem|>eratnre  that  exists,  couipared  with  th(;  temiMMaftuc  at 
which  the  instrument  was  graduated. 

For  pressures  below  tlu;  atmosphere,  an  air  pump  or  some  other 
means  of  producing  a  vacuum  is  recpiired.  and  reference  must  be  made 
to  a  mercury  gauge.  Such  a  gauge  nuiy  be  a  U  tube  having  a  length 
of  ?>0  inches  or  so,  with  both  arms  properly  filled  with  pure  mercury. 

(b)  TiiKRMOMETEHS. — Standard  thermometers  are  those  which  indi- 
cate 212  degrees  Fahr.  in  steam  escaping  frojii  boiling  water  at  the 
normal  barometrical  pressure  of  29.93  inches,  the  whole  stem  up  to  the 
212-degree  point  being  surrounded  by  the  steam  ;  and  which  indicate 
32  degrees  Fahr.  in  melting  ice,  the  stem  being  likewise  completely 
immersed  to  the  32-degree  point  ;  and  which  are  calibrated  for  points 
between  and  beyond  these  two  reference  marks.  W'e  recommend,  for 
temperatures  between  212  degrees  and  400  degrees  Fahr.,  that  tlie 
comparison  of  the  thermometer  be  made  with  the  temperature  given  in 
Regnault's  Steam  Tables,  the  method  required  being  to  -place  it  in  a 
mercury  well  surrounded  by  saturated  .s^team  under  sufficient  pressure  to 
give  the  desired  temperature.  The  pressure  should  be  accurately  deter- 
mined as  pointed  out  in  the  above  section  («),  and  the  thermometer  should 
be  immersed  to  the  same  extent  as  it  is  under  its  working  condition. 

Thermometers  in  practice  are  seldom  used  with  the  stems  fully 
immersed  ;  consequently,  when  they  are  compared  with  the  standard, 
the  comparison  should  be  made  under  like  conditions,  and  practically 
under  the  working  conditions,  whatever  those  happen  to  be. 

If  pyrometers  of  any  kind  are  used,  they  should  be  compared  with 
a  mercury  thermometer  w'ithin  its  range,  and  if  extreme,  accuracy 
is  required,  with  an  air  thermometer,  or  a  standard  based  thereon,  at 
higher  points,  care  being  taken  that  the  medium  surrounding  the 
pyrometer,  be  it  air  or  liquid,  is  of  the  same  uniform  temperature  as 
that  surrounding  the  standard. 

(c)  Indicator  Springs.— (See  Section  XIV.) 

(d)  Water  Meters. — A  good  metliod  of  calibrating  a  water  meter 
is  the  following,  reference  being  made  to  Fig.  118  : 

Two  tees  A  and  B  are  placed  in  the  feed  pipe,  and  between  them 
two  valves  C  and  Z>.  The  meter  is  connected  between  the  outlets 
of  the  tees  A  and  B.  The  valves  E  and  F  are  placed  one  on  each 
side  of  the  meter.  When  the  meter  is  running,  the  vajves  E  and  F 
are  opened,  and  the  valves  C  and  1)  are  closed.  Should  an  accident 
happen  to  the  meter  during  the  test,  the  valves  £'and  T^may  be  closed, 
and  the  valves  C  and  D  opened,  so  as  to  allow  the  feed  water  to  flow- 
directly  into  the  boiler.  A  small  bleeder  G  is  placed  between  the  valves 
Caud  I).  The  valve  G  is  opened  when  the  valves  (7  and  D  are  closed, 
in  order  to  make  sure  that  there  is  no  leakage.  A  gauge  is  attached 
at  H.     When  the  meter  is  tested,  the  valves  C,  D,  and  i^are  closed, 
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and  the  valves  A'  and  /are  opened.  The  water  flows  from  the  valve  1 
to  a  tank  placed  on  weighing  scales.  In  testing  the  meter  the  feed  pump 
is  run  at  the  normal  speed,  and  the  water  leaving  the  meter  is  throttled 
at  the  valve  /  until  tlie  pressure  shown  by  the  gauge  Jl  is  the  same  as 
that  indicated  when  the  meter  is  running  under  the  normal  conditions. 
The  pii)ing  leading  from  the  valve  /  to  the  tank  is  arranged  with  a 
swinging  joint,  consisting  merely  of  a  loosely  fitting  elbow,  so  that  it 
can  be  readily  turned  into  the  tank  or  away  from  it. .  After  the  desired 
pressure  and  speed  have  been  secured,  the  end  of  the  pipe  is  swung 
into  the  tank  the  instant  that  the  pointer  of  the  meter  is  opposite  some 
graduation  mark  on  the  dial,  and  the  water  continues  to  empty  lEto 
the  tank  while  any  desired  number  of  even  cubic  feet  are  discharged, 
after  which  the  pipe  is  swung  away  from  the  tank.  The  tests  should 
be  made  by  starting  and  stopping  at  the  same  graduation  mark  on  the 
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meter  dial,  and  continued  until  at  least  10  or  20  cubic  feet  are  discharged 
for  one  test.     The  water  collected  in  the  tank  is  then  weighed. 

The  water  passing  the  meter  should  always  be  under  pressure  in 
order  that  any  air  in  the  meter  may  be  discharged  through  the  vents 
provided  for  this  purpose.  Care  should  be  taken  that  there  is  no  air 
contained  in  the  feed  water.  Should  the  feed- water  pump  draw  from 
a  hot-well,  the  height  of  the  water  in  the  hot-well  must  never  be  as 
low  as  the  suction  pipe  of  the  pump.  In  case  the  speed  of  the  feed 
pump  cannot  be  regulated,  as  occurs  in  some  cases  where  it  is  driven 
directly  from  the  engine,  a  by-pass  should  be  connected  with  the  pipe 
leading  from  the  pump,  to  allow  some  of  the  water  to  flow  back  into 
the  hot  well,  if  the  pump  lowers  the  water  in  the  hot- well  beyond  a 
given  mark'.  The  meter  should  be  tested  both  before  and  after  the 
engine  trial,  and  several  tests  should  be  made  of  the  meter  in  each 


HKroiM'   OF    COMMl'ITKIO    ON    STAM>A  KDl/.lNd    KMilNK    I  K.^TS.       7'25 

case  in  ordiT  to  ohlaiii  ronfirmntiv(»  results.  It  is  well  to  iimUc  pre- 
liininMry  tests  to  (leterminc  wlictlicr  the  meter  works  satisfactorily 
before  eoniierliii<;  it  u|>  for  iiii  ctiixine  trial.  Tin'  results  h1ioiiI<1  n^'^reo 
\vith  each  other  for  two  widely  difTcrent  rates  of  tlow. 

VI.  LEAKA(ii:s  OF  Ste.vm,  Watku,  Etc. — Iii  all  ii^sts  except 
those  of  a  coinplt^tt^  plant  iiuulo  under  conditions  as  tluiy  (ixist, 
the  boiler  and  its  eonneetioiis,  botli  steam  and  feed,  as  also  the 
steam  piping  leading  to  the  engine  and  its  connections,  shoidd, 
so  far  as  possible,  be  made  tight.  If  absolute  tightness  cannot 
be  obtained  (^in  point  of  fact  it  rarely  can  be),  proper  allowance 
should  be  made  for  such  leakage  in  determining  the  steam  actu- 
ally consumed  bj  the  engine.  This,  however,  is  not  required 
where  a  surface  condenser  is  used  and  the  water  consumption 
is  determined  bj  measuring  the  discharge  of  the  air  pump.  In 
such  cases  it  is  necessary  to  make  sure  that  the  condenser  is 
tight,  both  before  and  after  the  test,  against  the  entrance  of  cir- 
culating water,  or  if  such  occurs  to  make  proper  correction  for 
it,  determining  it  under  the  working  difference  of  pressure. 
Should  there  be  excessive  leakage  of  the  condenser  it  should  be 
remedied  before  the  test  is  made.  When  the  steam  consump- 
tion is  determined  by  measuring  the  discharge  of  the  air  pump, 
any  leakage  about  the  valve  or  piston  rods  of  the  engine  should 
be  carefully  guarded  against. 

Make  sure  that  there  is  no  leakage  at  any  of  the  connections 
with  the  apparatus  provided  for  measuring  and  supplying  the 
feed  water  which  could  affect  the  results.  All  connections  should, 
so  far  as  possible,  be  visible  and  be  blanked  off,  and  w^here  this 
cannot  be  done,  satisfactory  assurance  should  be  obtained  that 
there  is  no  leakage  either  in  or  out. 

It  is  not  always  necessary  to  blank  ofiE  a  connecting  pipe  to  make  sure 
that  there  is  no  leakage  through  it.  If  satisfactory  assurance  can  be 
had  that  there  is  no  chance  for  leakage,  this  is  sufficient.  For  example, 
where  a  straightway  valve  is  used  for  cutting  olf  a  connecting  pipe,  and 
this  valve  has  double  seats  with  a  hole  in  the  bottom  between  them, 
this  being  provided  with  a  plug  or  pet  cock,  assurance  of  the  tightness 
of  the  valve  when  closed  can  be  had  by  removing  the  plug  or  opening 
the  cock.  Likewise,  if  there  is  a  drain  pipe  beyond  the  valve,  the  fact 
that  no  water  escapes  here  is  sufficient  evidence  of  the  tightness  of  the 
valve.  The  main  thing  is  to  have  positive  evidence  in  regard  to  the 
tightness  of  the  connections,  such  as  may  be  obtained  by  the  means 
suggested  above  ;  but  where  no  positive  evidence  can  be  obtained,  or 
where  the  leakage  that  occurs  cannot  be  measured,  it  is  of  the  utmost 
importance  that  the  connections  should  be  broken  and  blanked  off. 

Leakage  of  relief  valves  which  are  not  tight,  drips  from  traps,  sep- 
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arators,  etc.,  and  Icalcagn  of  tubes  in  tlie  feed  water-heater  must  all  be 
guarded  aij^aiiist  or  nioasun'd  and  allowed  for. 

It  is  well,  as  an  additional  i)rocaution,  to  tost  the  tightness  of  the 
feed- water  ])i|)('s  and  a|)i)aratus  concerned  in  the  measurement  of  the 
water  by  running  tlic  pump  at  a  slow  speed  for,  say,  fifteen  minutes, 
having  first  shut  the  feed  valves  at  the  boilers.  Leakage  will  Im  re- 
vealed by  disappeaiance  of  water  from  the  supply  tank.  In  making 
this  test,  a  gauge  sliould  be  placed  on  the  pump  discharge  in  order  to 
guard  against  undue  or  dangerous  pressure. 

To  determine  the  leakage  of  steam  and  water  from  a  boiler  and  steam 
pipes,  etc.,  the  water-gauge  glass  method  may  be  satisfactorily  employed. 
This  consists  in  shutting  off  all  the  feed  valves  (which  must  be  known 
to  be  tight)  or  the  main  feed  valve,  thereby  stopping  absolutely  the 
entrance  or  exit  of  water  at  the  feed  pipes  to  the  boiler  ;  then  main- 
taining the  steam  pressure  (by  means  of  a  very  slow  fire)  at  a  fixed 
point,  which  is  approximately  that  of  the  working  pressure,  and  ob- 
serving the  rate  at  which  the  water  falls  in  the  gauge  glasses.  It  is 
well,  in  this  test,  as  in  other  work  of  this  character,  to  make  observa- 
tions every  ten  minutes,  and  to  continue  them  for  such  a  length  of  time 
that  the  differences  between  successive  readings  attain  a  constant 
rate.  Grenerally  the  conditions  will  have  become  constant  at  the  expi- 
ration of  fifteen  minutes  from  the  time  of  shutting  the  valves,  and  there- 
after the  fall  of  water  due  to  leakage  of  steam  and  water  becomes 
approximately  constant.  It  is  usually  sufficient,  after  this  time,  to  con- 
tinue the  test  for  one  hour,  thereby  taking  six  ten-minute  readings. 
When  this  test  is  finished,  the  quantity  of  leakage  is  ascertained  by 
calculating  the  volume  of  water  which  has  disappeared,  using  the  area 
of  the  water  level  and  the  depth  shown  on  the  glass,  making  due  allow- 
ance for  the  weight  of  one  cubic  foot  of  water  at  the  observed  pressure. 
If  possible,  the  gauge  glass  for  this  test  should  be  attached  close  to  the 
boiler. 

If  there  is  opportunity  for  much  condensation  to  occur  and  collect  in 
the  steam  pipe  during  the  leakage  test,  the  quantity  should  be  de- 
termined as  closely  as  desirable,  and  properly  allowed  for. 

In  making  a  test  of  an  engine  where  the  steam  consumption  is  de- 
termined from  the  amount  of  water  discharged  from  the  surface  con- 
denser, leakage  of  the  piston  rods  and  valve  rods  should  be  guarded 
against ;  for  if  these  are  excessive,  the  test  is  of  little  use,  as  the  leakage 
consists  partly  of  steam  that  has  already  done  work  in  the  cylinder  and 
of  water  condensed  from  the  steam  when  in  contact  with  the  cylinder. 
If  such  leakage  cannot  be  prevented,  some  allowance  should  be  made 
for  the  quantity  thus  lost.  The  weight  of  water  as  shown  at  the  con- 
denser must  be  increased  by  the  quantity  allowed  for  this  leakage. 

VII.  Duration  op  Test. — The  duration  of  a  test  should  de- 
pend largely  upon  its  character  and  the  objects  in  view.  The 
standard  heat  test  of  an  engine,  and,  likewise,  a  test  for  the 
simple  determination  of  the  feed-water  consumption,  should  be 
continued  for  at  least  five  hours,  unless  the  class  of  service  pre- 
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cluilos  a  continuous  run  of  so  lon«j;  duration.  It  is  d^sinible  to 
prolong  tlio  tost  tlio  nunilxu'  of  liours  statod  to  oV)tain  a  nund)er 
of  consiH'utive  hourly  records  as  a  tjjuido  in  analyzin*^  the  relia- 
bility oi  the  wh(do. 

AVhore  the  water  discharged  from  the  surface  condenser  is 
measured  for  successive  short  intervals  of  time,  and  the  rate  is 
found  to  be  uniform,  the  test  may  be  of  a  much  shorter  duration 
than  where  the  feed  water  is  measured  to  the  boiler.  The 
longer  the  test  with  a  given  set  of  conditions,  the  more  accurate 
the  work,  and  no  test  should  be  so  short  that  it  cannot  be  divided 
into  several  intervals  which  will  give  results  agreeing  substan- 
tially with  each  other. 

The  commercial  test  of  a  complete  plant,  embracing  boilers  as 
well  as  engine,  should  continue  at  least  one  full  day  of  twenty  four 
hours,  whether  the  engine  is  in  motion  during  the  entire  time  or 
not.  A  continuous  coal  test  of  a  boiler  and  engine  should  be  of 
at  least  ten  hours'  duration,  or  the  nearest  multiple  of  the 
interval  between  times  of  cleaning  fires. 

YIII.  Starting  and  STorriNG  a  Test.— ((()  Sfdndard  Heat 
Test  and  Feed  Water  Test  of  Engine :  The  engine  having  been 
brought  to  the  normal  condition  of  running,  and  operated  a 
sufficient  length  of  time  to  be  thoroughly  heated  in  all  its  parts, 
and  the  measuring  apparatus  having  been  adjusted  and  set  to 
work,  the  height  of  water  in  the  gauge  glasses  of  the  boilers  is 
observed,  the  depth  of  water  in  the  reservoir  from  which  the 
feed  water  is  supplied  is  noted,  the  exact  time  of  day  is  observed, 
and  the  test  held  to  commence.  Thereafter  the  measurements 
determined  upon  for  the  test  are  begun  and  carried  forward  until 
its  close.  If  practicable,  the  test  may  be  commenced  at  some 
even  hour  or  minute,  but  it  is  of  the  first  importance  to  begin 
at  such  time  as  reliable  observations  of  the  water  heiglits  are 
obtained,  whatever  the  exact  time  happens  to  be  when  these  are 
satisfactorily  determined.  When  the  time  for  the  close  of  the 
test  ar.ives,  the  water  should,  if  possible,  be  brought  to  the 
same  height  in  the  glasses  and  to  the  same  depth  in  the  feed- 
water  reservoir  as  at  the  beginning,  delaying  the  conclusion  of 
the  test  if  necessary  to  bring  about  this  similarity  of  conditions. 
If  differences  occur,  the  proper  corrections  must  be  made. 

Care  should  be  taken  in  cases  where  the  activity  of  combustion  in  the 
boiler  furnaces  affects  the  height  of  water  in  the  gauge  glasses  that  the 
same  condition  of  fire  and  draughts  are  operating  at  one  time  as  at  the 
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otlior.  For  this  reason  it  is  best  t)  start  and  sto;)  u  tost  witlioiit  inter- 
forin<^  with  tlio  regularity  of  the  oixn-afion  of  the  food  puiiii).  ])rovided 
the  hitter  may  ho  roi;ulatod  to  run  so  as  to  sui)f)ly  the  food  water  at  a 
uniform  rate.  In  some;  cases  whore  the;  sui)[)ly  of  feed  water  is  irreg- 
uhir,  as,  for  example,  where  an  injec-tor  is  used  of  a  larj^er  ca]):u-ity 
than  is  required,  the  supply  of  f(^ed  wat(U'  shou'd  be  temporarily  shut 
off. 

It  is  imjiortant  to  use  great  cart;  in  obtaining  the  average  height  of 
the  water  in  the  glasses,  taking  sufficient  time  to  satisfactorily  judge 
of  the  full  extent  of  the  fluctuation  of  the  water  line,  and  tlioreby  its 
mean  position.  It  is  important,  also,  to  refrain  from  blowing  off  the 
water  column  or  its  connecting  pipes,  either  during  the  progress  of  the 
test  or  for  a  period  of  an  hour  or  more  prior  to  its  beginning.  Such 
blowing  off  changes  the  temperature  of  the  wa;er  within,  and  thereby 
its  s{)ccific  gravity  and  height. 

To  mark  the  height  of  water  in  a  gauge  glass  in  a  convenient  way,  a 
paper  scale,  mounted  on  wood  and  divided  into  tenths  of  inches,  may 
be  placed  behind  it  or  at  its  side. 

(b)  Complete  Engine  and  Boiler  Test :  For  a  continuous  run- 
ning test  of  combined  engine  or  engines,  and  boiler  or  boilers, 
the  same  directions  apply  for  beginnin  and  ending  the  feed- 
water  measurements  as  that  just  referred  to  under  Section  (a). 
The  time  of  beginning  and  ending  such  a  test  should  be  the 
regular  time  of  cleaning  the  fires,  and  the  exact  time  of  begin- 
ning and  ending  should  be  the  time  when  the  fires  are  fully 
cleaned,  just  preparatory  to  putting  on  fresh  coal.  In  cases 
where  there  are  a  number  of  boilers,  and  it  is  inconvenient  or 
undesirable  to  clean  all  fires  at  once,  the  time  of  beginning  the 
test  should  be  deferred  until  they  are  all  cleaned  and  in  a  satis- 
factory state,  all  the  fires  being  then  burned  down  to  a  uniformly 
thin  condi'ion,  the  thickness  and  condition  being  estimated  and 
the  test  begun  just  before  firing  the  new  coal  previously  weighed. 
The  ending  of  the  test  is  likewise  deferred  until  the  fires  are  all 
satisfactorily  cleaned,  being  again  burned  down  to  the  same 
uniformly  thin  condition  as  before,  and  the  time  of  closing  being 
taken  just  before  replenishing  the  fires  with  new  coal. 

For  a  commercial  test  of  a  combined  engine  and  boiler, 
whether  the  engine  runs  continuously  for  the  full  twenty-four 
hours  of  the  day,  or  only  a  portion  of  the  time,  the  fires  in  the 
boilers  being  banked  during  the  time  when  the  engine  is  not  in 
motion,  the  beginning  and  ending  of  the  test  should  occur  at 
the  regular  time  of  cleaning  the  fires,  the  method  followed 
being  that  already  given.  In  cases  where  the  engine  is  not  in 
continuous  motion,  as,  for  example,  in  textile  mills,  where  the 
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working  timo  is  ton  or  eleven  lionrs  out  of  the  tweiitv-loiir,  Jiiid 
the  fires  ;ire  cleaned  and  banked  at  tlic  close  of  the  day's  work, 
tlie  best  time  for  starting  and  stopi)ing  a  test  is  the  tinu^  just 
before  banking,  wlu^n  the  tires  are  well  burncMl  down  and  thc^ 
tliickness  and  condition  can  be  most  satisfactorily  jiulgcMl.  In 
tliese,  as  in  all  other  cases  noted,  the  test  sliould  be  begun  by 
observing  the  exact  time,  the  thickness  and  condition  of  the 
tires  on  the  grates,  the  height  of  water  in  tlie  gauge  glasses  of 
the  boilers,  the  depth  of  the  water  in  the  reservoir  from  which 
tlie  feed  water  is  supplied,  and  other  conditions  relating  to  the 
trial,  the  same  observations  being  again  taken  at  the  end  of  the 
test,  and  the  conditions  in  all  respects  being  raade  as  nearly  as 
possible  the  same  as  at  the  beginning. 

IX.  Measurement  of  Heat  Units  Consumed  by  the  Engine. — 
The  measurement  of  the  heat  consumption  requires  the  meas- 
urement of  each  supply  of  feed  Avater  to  the  boiler— that  is,  the 
water  supplied  by  the  main  feed  pump,  that  supplied  by  auxil- 
iary pumps,  such  as  jacket  water,  Avater  from  separators,  drips, 
etc.,  and  water  supplied  by  gravity  or  other  means  ;  also  the  de- 
termination of  the  temperature  of  the  water  supplied  from  each 
source,  to':;ether  with  the  pressure  and  quality  of  the  steam. 

The  temperatures  at  the  various  points  should  be  those  ap- 
plying to  the  w^orking  conditions.  The  temperature  of  the  feed 
water  should  be  taken  near  the  boiler.  This  causes  the  engine 
to  suffer  a  disadvantage  from  the  heat  lost  by  radiation  from 
the  pipes  which  carry  the  w^ater  to  the  boiler,  but  it  is,  never- 
theless, advisable  on  the  score  of  simplicity.  Such  pipes  would, 
therefore,  be  considered  a  portion  of  the  engine  plant.  This 
conforms  with  the  rule  already  recommended  for  the  tests  of 
pumping  engines  where  the  duty  per  million  heat  units  is  com- 
puted from  the  temperature  of  the  feed  w^ater  taken  near  the 
boiler.  It  frequently  happens  that  the  measurement  of  the 
water  requires  a  change  in  the  usual  temperature  of  supply. 
For  example,  where  the  main  supply  is  ordinarily  drawn  from 
a  hot-well  in  which  the  temperature  is,  say,  100  degrees  Fahr., 
it  may  be  necessary,  owdng  to  the  low  level  of  the  well,  to  take 
the  supply  from  some  source  under  a  jDressure  or  head  sufficient 
to  fill  the  weighing  tanks  used,  and  this  supply  may  have  a 
temperature  much  below  that  of  the  hot-well ;  possibly  as  low 
as  40  degrees  Fahr.  The  temperature  to  be  used  is  not  the 
temperature  of  the  water  as  weighed  in  this  case,  but  that  of 
47 
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the  working  temperature  of  the  hot-well.  The  working  tempera- 
ture in  cases  like  this  must  be  determined  by  a  special  test,  and 
included  in  the  log  sheets.  b 

In  detoniiiirmg  the  vvoi-kiiii;^  t(;)n])cratiir('s,  the  prcliniinary  or  sub- 
sequent test  shouhl  be  coiitimied  a  sufficient  time  to  obtain  uniform 
indications,  and  such  as  may  be  judged  to  l)e  an  average  for  the 
worlving  conditions.  In  this  test  it  is  necessary  to  have  some  guide  as 
to  the  quantity  of  vvorlc  being  done,  and  for  this  reason  the  power  de- 
veloped by  the  engine  should  be  determined  by  obtaining  a  full  set  of 
diagrams  at  suitable  intervals  during  the  progress  of  the  trial.  Ob- 
servations should  also  be  made  of  all  the  gauges  connected  with  the 
plant  and  of  the  water  heights  in  the  boilers,  the  latter  being  main- 
tained at  a  uniform  point  so  as  to  be  sure  that  the  raie  of  feeding  dur- 
ing the  test  is  not  sensibly  different  from  that  of  the  main  test. 

The  heat  to  be  determined  is  that  used  by  the  entire  engine 
equipment,  embracing  the  main  cylinders  and  all  auxiliary  cyl- 
inders and  mechanism  concerned  in  the  operation  of  the  engine, 
including  the  air  pump,  circulating  pump,  and  feed  pumps,  also 
the  jacket  and  reheater  when  these  are  used.  No  deduc- 
tion is  to  be  made  for  steam  used  by  auxiliaries  unless  these  are 
shown  by  test  to  be  unduly  wasteful.  In  this  matter  an  excep- 
tion should  be  made  in  cases  of  guarantee  tests  where  the  engine 
contractor  furnishes  all  the  auxiliaries  referred  to.  He  should, 
in  that  case,  be  responsible  for  the  whole,  and  no  allowance 
should  be  made  for  inferior  economy,  if  such  exists.  Should  a 
deduction  be  made  on  account  of  the  auxiliaries  being  unduly 
wasteful,  the  method  of  waste  and  its  extent,  as  compared  with 
the  wastes  of  the  main  engine  or  other  standard  of  known  value, 
shall  be  reported  definitely. 

The  steam  pressure  and  the  quality  of  the  steam  are  to  be 
taken  at  some  point  conveniently  near  the  throttle  valve.  The 
quantity  of  steam  used  by  the  calorimeter  must  be  determined 
and  properly  allowed  for.  (See  Article  XYL,  on  *'  Quality  of 
Steam.") 

X.  Measurement  of  Feed  Water  or  Steam  Consumption  of 
Engine,  Etc. — The  method  of  determining  the  steam  consump- 
tion applicable  to  all  plants  is  to  measure  all  the  feed  water 
supplied  to  the  boilers,  and  deduct  therefrom  the  water  dis- 
charged by  separators  and  drips,  as  also  the  water  and  steam 
which  escapes  on  account  of  leakage  of  the  boiler  and  its  pipe 
connections  and  leakage  of  the  steam  main  and  branches  con- 
necting the  boiler  and  the  engine.     In  plants  where  the  engine] 
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exhausts  into  a  surface  condenser  the  steam  cc)nsunij)ti<)n  can 
be  measured  by  determinin^i  the  (quantity  (»f  water  discharj^cul 
by  the  air  pump,  corrected  for  any  leakage  of  the  condenser, 
and  adding  thereto  the  steam  used  by  jackets,  reheaters,  and 
auxiliaries  as  determined  independently.  If  the  leakage  of  the 
condenser  is  too  large  to  satisfactorily  allow  for  it,  the  con- 
denser should,  of  course,  be  repaired  and  the  leakage  again  de- 
termined before  making  the  test. 

In  measuring  the  water  it  is  best  to  carry  it  through  a  tank 
or  tanks  resting  on  platform  weighing  scales  suitably  arranged 
for  the  purpose,  the  water  being  afterwards  emptied  into  a  res- 
ervoir beneath,  from  which  the  j)ump  is  supplied. 

The  simplest  apparatus  of  this  kind,  having  a  capacity  of  say  0,000 
pounds  of  water  per  hour,  consists  of  a  small  hogshead  connected  to 
the  suction  pipe  of  the  pump  or  injector,  and  an  ordinary  o  1  barrel 
mounted  on  a  platform-scale,  the  latter  being  supported  by  the  hogs- 
head on  one  side,  and  by  a  suitable  staging  on  the  other  side.  The 
barrel  is  filled  by  means  of  a  cold-water  pipe  leading  from  the  source 
of  supply,  and  this  should  be  a  li-inch  pi])e  for  pressures  not  less  than 
25  pounds  per  square  inch.  The  outlet  valve  of  the  barrel  is  attached 
to  the  side,  close  to  the  bottom,  and  should  be  at  least  24  inches  in  diam- 
eter for  quick  emptying.  Where  large  quantities  of  water  are  required, 
the  barrel  can  be  replaced  by  a  hogshead,  and  two  additional  hogs- 
heads can  be  coupled  together  for  the  lower  reservoir.  The  capacity 
reached  by  this  arrangement  when  the  weighing  hogsliead  is  supplied 
through  a  2A-inch  valve  under  25  pounds  pressure  and  emptied  through 
a  5-inch  valve,  is  15,000  pounds  of  water  per  hour.  For  still  larger 
capacity,  it  is  desirable  to  use  rectangular  tanks  made  for  the  purpose, 
and  have  the  weighing  tank  arranged  so  that  the  ends  overhang  the 
scales  and  the  reservoir  below ;  the  outlet  valve,  consisting  of  a  flap 
valve,  covering  an  opening  in  the  bottom  6  or  8  inches  square.  AVitli 
rectangular  tanks  this  system  can  be  employed  for  any  size  of  stationary 
engine  ordinarily  met  with. 

Where  extremely  large  quantities  of  water  must  be  measured, 
or  in  some  places  relatively  small  quantities,  the  orifice  method 
of  measuring  is  one  that  can  be  applied  with  satisfactory  results. 
In  this  case  the  average  head  of  water  on  the  orifice  must 
be  determined,  and,  furthermore,  it  is  important  that  means 
should  be  at  hand  for  calibrating  the  discharge  of  the  orifice 
under  the  conditions  of  use. 

The  corrections  or  deductions  to  be  made  for  leakage  above 
referred  to  should  be  ajDplied  only  to  the  standard  heat-unit 
test  and  tests  for  determining  simply  the  steam  or  feed  water 
consumption,  and  not  to  coal  testa   of  combined   engine  and 
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boiler  equipment.  Iii  the  latter,  no  correction  should  be  made 
except  for  leakage  of  valves  connecting  to  other  engines  and 
l)oilers,  or  for  stoam  used  for  purposes  other  than  the  operation 
of  the  plant  under  test.  Losses  of  heat  due  to  imperfections 
of  the  plant  should  be  charged  to  the  plant,  and  only  such 
losses  as  are  concerned  in  the  working  of  the  engine  alone 
should  be  charged  to  the  engine. 

In  measuring  jacket  water  or  any  supply  under  pressure  which 
has  a  temperature  exceeding  212  degrees  Fahr.,  the  water  shouldy 
first  be  cooled,  as  may  be  done  by  discharging  it  into  a  tank  of 
cold  Avater  previously  weighed,  or  by  j)assing  it  through  a  coil 
of  pipe  submerged  in  running  and  colder  water,  preventing 
thereby  the  loss  of  evaporation  which  occurs  when  such  hot 
water  is  discharged  into  the  open  air. 

XI.  Measurement  of  Steam  Used  by  Auxiliaries. — Although 
the  steam  used  by  the  auxiliaries — embracing  the  air  pump,  cir- 
culating pump,  feed  pump,  and  any  other  apparatus  of  this 
nature,  supposing  them  to  be  steam-driven,  also  the  steam  jack- 
ets, reheaters,  etc.,  which  consume  steam  required  for  the  oper- 
ation of  the  engine — is  all  included  in  the  measurement  of  the 
steam  consumption,  as  pointed  out  in  Article  X.,  yet  it  is  highly 
desirable  that  the  quantity  of  steam  used  by  the  auxiliaries,  and 
in  many  cases  that  used  by  each  auxiliary,  should  be  determined 
exactly,  so  that  the  net  consumption  of  the  main  engine  cylin- 
ders may  be  ascertained  and  a  complete  analysis  made  of  the 
entire  work  of  the  engine  plant.  Where  the  auxiliary  cylinders 
are  non-condensing,  the  steam  consumption  can  often  bs  meas- 
ured by  carrying  the  exhaust  for  the  purpose  into  a  tank  of  cold 
water  resting  on  scales  or  through  a  coil  of  pipe  surrounded  by 
cold  running  water.  Another  method  is  to  run  the  auxiliaries 
as  a  whole,  or  one  by  one,  from  a  spare  boiler  (preferably  a  small 
vertical  one),  and  measure  the  feed  water  supplied  to  this  boiler. 
The  steam  used  by  the  air  and  circulating  pumps  may  be  meas- 
ured by  running  them  under,  as  near  as  possible,  the  working 
conditions  and  speed,  the  main  engine  and  other  auxiliaries  being 
stopped,  and  testing  the  consumption  by  the  measuring  apparatus 
used  on  the  main  trial.  For  a  short  trial,  to  obtain  approximate 
results,  measurement  can  be  made  by  the  water-gauge  glass 
method,  the  feed  supply  being  shut  off.  When  the  engine  has 
a  surface  condenser,  the  quantity  of  steam  used  by  the  auxiliaries 
may  be  ascertained  by  allowing  the  engine  alone  to  exhaust  into 
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the  comlenser,  measuring  the  feed  water  siipi)lii'(l  to  tha  boiler 
.111(1  tlio  water  discharged  l)y  the  air  puiiip,  and  subtracting  one 
from  the  other,  after  aUowing  for  losses  by  leakage. 

XII.  Coal  Measuremem'. — {<t)  (niinnrrcial  Test.,- :  In  commer- 
cial tests  of  tlie  combined  engine  and  boih^r  eciuipment,  or  tliose 
made  under  ordinary  conditions  of  commercial  service,  the  t.'st 
should,  as  pointed  out  in  Article  YIL,  extend  over  the  entire 
period  of  tlu  day;  that  is,  twenty-four  hours,  or  a  number  of 
days  of  that  duration.  Consequently,  the  coal  consumption 
should  bo  determined  for  the  entire  time.  If  the  engine  runs 
but  a  part  of  the  time,  and  during  the  remaining  |)ortion  the 
fires  are  banked,  the  measurement  of  coal  should  include  that 
used  for  banking.  It  is  well,  however,  in  such  cases,  to  deter- 
mine separately  the  amount  consumed  during  the  time  the 
engine  is  in  operation  and  that  consumed  during  the  ptriod 
while  the  fires  are  banked,  so  as  to  have  complete  data  for  pur- 
poses of  analysis  and  comparison,  using  suitable  precautions 
to  obtain  reliable  measurements.  The  measurement  of  coal  be- 
gins with  the  first  firing,  after  cleaning  the  furnaces  and  burn- 
ing down  at  the  beginning  of  the  test,  as  pointed  out  in  Article 
YIIL,  and  ends  with  the  last  firing,  at  the  expiration  of  the 
allotted  time. 

{h)  Continuous  Running  Tests:  In  continuous  running  tests 
which,  as  pointed  out  in  Article  YII.,  cover  one  or  more  periods 
which  elapse  between  the  cleaning  of  the  fires,  the  same  prin- 
ciple applies  as  that  mentioned  under  the  above  heading  (a) ; 
^-iz.,  the  coal  measurement  begins  with  the  first  firing,  after 
cleaning  and  burning  down,  and  the  measurement  ends  with 
the  last  firing,  before  cleaning  and  burning  down  at  the  close  of 
the  trial. 

(c)  Coal  Tests  in  General  :  When  not  otherwise  specially 
understood,  a  coal  test  of  a  combined  engine  and  boiler  plant 
is  held  to  refer  to  the  commercial  test  above  noted,  and  the 
ijieasurement  of  coal  should  conform  thereto. 

In  connection  with  coal  measurements,  whatever  the  class  of 
tests,  it  is  important  to  ascertain  the  percentage  of  moisture  in 
the  coal,  the  weight  of  ashes  and  refuse,  and,  where  possible, 
the  approximate  and  ultimate  analysis  of  the  coal,  following  all 
the  methods  and  details  advocated  in  the  latest  report  of  the 
Boiler  Test  Committee  of  the  Society.     (See  vol.  xxi.,  p.  34.) 

id)  Other  Fuels  than  Coal :  For  all  other  solid  fuels  than  coal 


734      REPORT  OF   COMMITTEE   ON   STANDARDIZING   ENGINE   TESTS. 

the  same  directions  in  regard  to  measurement  sliould  be  fol- 
lowed as  those  given  for  coal.  If  the  ])oilers  are  run  with  oil 
or  gas,  the  measurements  relating  to  stopping  and  starting  are 
much  simplified,  because  the  fuel  is  burned  as  fast  as  supplied, 
and  there  is  no  body  of  fuel  constantly  in  the  furnace,  as  in 
the  case  of  using  solid  fuel.  When  oil  is  used,  it  should  be 
weighed,  and  when  gas  is  used,  it  should  be  measured  in  a  cali- 
brated gas  meter  or  a  gasometer. 

XIII.  Indicated  Horse-power. — The  indicated  horse-power 
should  be  determined  from  the  average  mean  effective  pressure 
of  diagrams  taken  at  intervals  of  twenty  minutes,  and  at  more 
frequent  intervals  if  the  nature  of  the  test  makes  this  neces- 
sar}^  for  each  end  of  each  cylinder.  With  variable  loads,  such 
as  those  of  engines  driving  generators  for  electric  railroad 
work,  and  of  rubber-grinding  and  rolling-mill  engines,  the  dia- 
grams cannot  be  taken  too  often.  In  cases  like  the  latter,  one 
method  of  obtaining  suitable  averages  is  to  take  a  series  of  dia- 
grams on  the  same  blank  card  without  unhooking  the  driving 
cord,  and  apply  the  pencil  at  successive  intervals  of  ten  seconds 
until  two  minutes'  time  or  more  has  elapsed,  thereby  obtaining  a 
dozen  or  more  indications  in  the  time  covered.  This  tends  to 
insure  the  determination  of  a  fair  average  for  that  period.  In 
taking  diagrams  for  variable  loads,  as  indeed  for  any  load,  the 
pencil  should  be  applied  long  enough  to  cover  several  successive 
revolutions,  so  that,  the  variations  produced  by  the  action  of 
the  governor  may  be  properly  recorded.  To  determine  whether 
the  governor  is  subject  to  what  is  called  "  racing  "  or  "  hunting," 
a  "  variation  diagram  "  should  be  obtained  ;  that  is,  one  in  which 
the  pencil  is  applied  a  sufficient  time  to  cover  a  complete  cycle 
of  variations.  When  the  governor  is  found  to  be  working  in 
this  manner,  the  defect  should  be  remedied  before  proceeding 
with  the  test. 

It  is  seldom  necessary,  as  far  as  average  power  measurements 
are  concerned,  to  obtain  diagrams  at  precisely  the  same  instant 
at  the  two  ends  of  tlie  cylinder,  or  at  the  same  instant  on  all  the 
cylinders,  when  there  are  more  than  one.  All  that  is  required  is 
to  take  the  diao'rams  at  remilar  intervals.  Should  the  diagrams 
vary  so  much  among  themselves  that  the  average  may  not  be  a 
fair  one,  it  signifies  that  they  should  be  taken  more  frequently, 
and  not  that  special  care  should  be  employed  to  obtain  the 
diagrams  of  each  set  at  precisely  the  same  time.     When  dia- 
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f^nims  aro  takoii  durin*:;  tlio  time  wlieu  tlio  en^iiio  is  Avorkiii}^  up 
to  speed  at  the  start,  or  when  a  study  of  valve  sotting  and  steam 
distribution  is  being  made,  they  shoukl  be  taken  at  as  nearly  the 
same  time  as  ])racti(*able.  In  cases  where  the  diagrams  are  to  be 
taken  simultaneously,  the  best  plan  is  to  have  an  op(»rator  sta- 
tioned at  each  indicator.  This  is  desiraV)le,  even  where  an  electric 
or  other  device  is  employed  to  operate  all  the  instruments  at 
once ;  for  unless  there  are  enough  operators,  it  is  necessary  to 
open  the  indicator  cocks  some  time  before  taking  the  diagrams 
and  run  the  risk  of  clogging  the  pistons  and  heating  the  high 
pressure  springs  above  the  ordinary  working  temperature. 

The  most  satisfactory  driving  rig  for  indicating  seems  to  be 
some  form  of  well-made  pantagraph,  with  driving  cord  of  fine 
annealed  wire  leading  to  the  indicator.  The  reducing  motion, 
whatever  it  may  be,  and  the  connections  to  the  indicator,  should 
be  so  perfect  as  to  produce  diagrams  of  equal  lengths  when  the 
same  indicator  is  attached  to  either  end  of  the  cylinder,  and 
produce  a  proportionate  reduction  of  the  motion  of  the  piston 
at  every  point  of  the  stroke,  as  proved  by  test. 

With  a  perfect  working  pantagraph,  or  similar  apparatus,  the  equal- 
ity in  the  length  of  diagrams  taken  with  the  same  indicator  at  the  two 
ends  is  suflBcient  indication  of  the  substantial  reliability  of  the  reduc- 
tion when  the  point  of  cut-off  on  the  diagram  is  not  unusually  short — 
say,  not  shorter  than  one-eighth.  When  the  cut-off  is  unusually  «hort, 
the  error  produced  by  imperfect' reduction  becomes  a  comparatively 
large  item,  and  one  which  for  accurate  work  should  be  allowed  for.  To 
test  the  accuracy  of  the  reducing  motion  without  making  special  prep- 
arations for  a  thorough  examination,  it  is  sufficient  to  make  a  com- 
parison between  the  actual  proportion  of  the  stroke  covered  and  the 
apparent  proportion  measured  on  the  indicator,  and  see  how  they  agree. 
This  may  be  done  on  a  large  engine  by  making  the  comparison 
wherever  it  happens  to  stop,  and  repeating  the  comparison  when  it 
has  stopped  with  the  piston  at  some  other  point  of  the  stroke.  With 
an  engine  which  can  be  turned  over  by  hand,  or  where  auxiliary  power 
is  provided  for  moving  it,  the  comparison  may  be  made  at  a  number  of 
equi-distant  points  in  the  stroke.  To  make  the  test  properly,  a  dia- 
gram should  be  taken  just  before  stopping,  and  this  will  serve  as  a 
reference  for  the  measurements  taken  after  stopping.  The  actual  pro- 
portion of  stroke  c  )vered  is  determined  by  measuring  the  distance 
which  the  crosshead  has  moved  and  comparing  it  with  the  whole 
length  of  the  stroke,  making  sure  that  the  slack  has  all  been  taken  up 
by  turning  sufficient  steam  into  the  cylinder  to  brin»'  a  pressure  to  bear 
on  the  piston,  but  not  sufficient  to  start  the  flywheel  in  motion.  To 
obtain  the  apparent  indication  from  the  diagram,  the  indicator  pencil  is 
moved  up  and  down  with  the  finger  so  as  to  make  a  vertical  mark  on 
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tlio  (lia<^rain,  and  the  distance  of  tliis  mark  froin  tlic  beginning  of  the 
diagram  c()nii)ared  to  the  whole  length  of  the  diagram  is  the  proportion 
desired. 

It  is  necessary,  of  course,  to  go  through  these  operations  without 
changing  in  any  way  the  adjustment  of  the  driving  cord  of  the  indicator, 
or  any  part  of  the  mechanism  that  would  alter  the  movements  of  the 
indicator. 

The  use  of  a  tliree-way  cock  and  a  single  indicator  connected 
to  the  two  ends  of  the  cylinder  is  not  advised,  except  in  cases 
Avhere  it  is  impracticable  to  use  an  indicator  close  to  each  end. 
If  a  three-way  cock  is  used,  the  error  produced  should  be  deter- 
mined and  allowed  for. 

The  effect  of  the  error  produced  by  a  three-way  cock  is  usually  to 
increase  the  area  of  the  diagram.  This  is  due  to  the  tardiness  of  the 
indicator  in  responding  to  the  changes  of  pressure.  In  an  investigation 
made  by  one  of  the  Committee,  which  was  carried  out  both  on  short- 
stroke  engines  running  at  high  spee'd  and  long-stroke  engines  running 
at  comparatively  slow  speed,  it  was  found  that  the  increased  area  of 
the  diagram,  due  to  the  sluggish  action  produced  by  the  three-way  cock, 
ranged  from  3  to  7  per  cent,  as  compared  with  an  indicator  with  a 
short  and  direct  pipe. 

In  the  manipulation  of  the  indicator  it  is  important  to  keep  the  instru- 
ment in  clean  condition  and  preserve  it  in  mechanically  good  order. 
Ordinary  cylinder  oil  is  the  best  material  to  use  for  lubricating  the 
indicator  piston  for  pressures  above  the  atmosphere.  It  is  better  to  have 
the  piston  fit  the  cylinder  rather  loosely — so  as  to  get  absolute  freedom 
of  motion — than  to  have  a  mathematically  accurate  fit.  In  the  latter 
case,  extreme  care  and  frequent  cleanings  are  required  to  obtain  good 
diagrams.  No  diagrams  should  be  accepted  in  which  there  is  any 
appearance  of  want  of  freedom  in  the  movement  of  the  mechanism.  A 
ragged  or  serrated  line  in  the  region  of  the  expansion  or  compression 
lines  is  a  sure  indication  that  the  piston  or  some  part  of  the  mechanism 
sticks  ;  and  when  this  state  of  things  is  revealed  the  indicator  should 
not  be  trusted,  but  the  cause  should  be  ascertained  and  a  suitable 
remedy  applied.  Entire  absence  of  wire  drawing  of  the  steam  line, 
and  especially  a  sharp,  square  corner  at  the  beginning  of  the  steam  line, 
should  be  looked  upon  with  suspicion,  however  desirable  and  satisfac- 
tory these  features  might  otherwise  be.  These  are  frequently  pro- 
duced by  an  indicator  which  is  defective  owing  to  want  of  freedom  in 
the  mechanism.  An  indicator  which  is  free  when  subjected  to  a  steady 
steam  pressure,  as  it  is  under  a  test  of  the  springs  for  calibration, 
should  be  able  to  produce  the  same  horizontal  line,  or  substantially 
the  same,  after  pushing  the  pencil  down  with  the  finger,  as  that  traced 
after  pushing  the  pencil  up  and  subsequently  tapping  it  lightly.  When 
the  pencil  is  moved  by  the  finger,  first  up  and  then  down,  the  piston 
being  subjected  to  pressure,  the  movement  should  appear  smooth  to 
the  sense  of  feeling. 

The  point  selected  for  attaching  an  indicator  to  the  cylinder  should 
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never  l)(*  Iho  drip  pipe  or  :my  jxdiit  \vljri(»  tlic  wntcr  of  (••uidfiisMf ion 
will  run  into  the  instrmncnt.  if  this  ciin  possildy  Im*  aivoidcd.  'I'lie 
admission  (d'  water  with  tlic  steam  may  ^rn-aily  d'stort  the  diagram.  If 
it  b  comes  necessary  to  phu-e  tlie  indicator  in  sue}i  a  position,  as  may 
lja])|)en  wlien  it  is  attaclied  to  tlie  h)wer  end  of  a  vertical  cylinder,  the 
connection  to  tlie  indicat')r  must  be  short  and  direct,  and  in  Home  cases 
it  shou'd  be  provided  with  a  drij)  chamber  arranged  so  as  to  collect 
the  water  or  deflect  it  from  enterint^  the  instrument. 

lu  all  cases  the  pipes  leading  to  indicators  should  be  as  short  and 
direct  as  possible. 

To  determine  the  average  power  developed  in  cases  where 
the  engine  starts  from  rest  during  thfj  progress  of  the  trial,  as  in 
a  commercial  test  of  a  plant  where  the  engine  runs  only  a  portion 
of  the  twenty- four  hours,  a  number  of  diagrams  should  be  taken 
during  the  period  of  getting  up  speed  and  applying  the  working 
loal,  the  corresponding  speed  for  each  set  of  diagrams  being 
counted.  The  power  shoAvn  by  these  diagrams  for  the  propor- 
tionate time  should  be  included  in  the  average  for  the  whole  run, 
and  the  duration  should  be  the  time  the  throttle  valve  is  open. 

XIY.  Testixg  Indicator  Springs. — T  >  make  a  perfectly  satis- 
factory comparison  of  indicator  springs  with  standards,  the 
calibration  should  be  made,  if  this  were  practical,  under  the 
same  conditions  as  those  pertaining  to  their  ordinary  use. 
Owing  to  the  fact  that  the  pressure  of  the  steam  in  tlie  indicator 
cylinder  and  the  corresponding  temjDerature  are  undergoing 
continual  changes,  it  becomes  almost  impossible  to  compare 
the  springs  with  any  standard  under  such  conditions.  There 
must  be  a  constant  pressure  during  the  time  that  the  com- 
parison is  being  made.  Although  the  best  that  can  be  done  is 
not  altogether  satisfactory,  it  seems  that  we  must  be  content  with 
it.  To  bring  the  conditions  as  nearly  as  possible  to  those  of  the 
woiking  indicator,  the  steam  sliould  be  admitted  to  the  indicator 
as  short  a  time  as  practicable  for  each  of  the  pressures  tried, 
and  then  the  indicator  cock  should  be  closed  and  the  steam 
exhausted  therefrom  before  another  pressure  is  tried.  By  this 
means  the  parts  ave  heated  and  cooled  somewhat  the  same  as 
under  the  working  conditions.  We  recommend,  therefore,  that 
for  each  i  equired  pressure  the  first  step  be  to  open  and  close  the 
indicator  cock  a  number  of  times  in  quick  succession,  then  to 
quickly  draw  the  line  on  the  paper  for  the  desired  record, 
ob-erving  the  gauge  or  other  standard  at  the  instant  when  the 
line   is   drawn.      A   corresponding   atmospheric   line    is  taken 
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imtnodiately  nhar  obtaining  tlie  line  at  tlio  given  pressure,  so  as 
to  eliminate  any  dilfcrence  in  the  temperature  of  the  parts  of 
the  indicator.  This  appears  to  be  a  better  method  (although 
less  readily  carried  on  and  requiring  more  care)  than  the  one 
heretofore  more  commonly  used,  where  the  indicator  cock  is 
kept  continually  open,  and  the  pressure  is  gradually  rising  or 
falling  through  the  range  of  comparison. 

The  calibration  should  be  made  for  at  least  five  points,  two 
of  these  being  for  the  pressures  corresponding  as  near  as  may 
be  to  the  initial  and  back  pressures,  and  three  for  intermediate 
points  equally  distant. 

For  pressures  above  the  atmosphere,  the  proper  standard 
recommended  is  the  dead-weight  testing  apparatus,  or  a  reliable 
mercury  column,  or  an  accurate  steam  gauge  proved  correct,  or 
of  known  error,  by  either  of  these  standards.  For  pressures  be- 
low the  atmosphere  the  best  standard  to  use  is  a  mercury  column. 

The  correct  scale  of  spring  to  be  used  for  Avorking  out  the 
mean  effective  pressure  of  the  diagrams  should  be  the  average 
based  on  the  calibration,  and  this  may  be  ascertained  in  the 
manner  pointed  out  below. 

When  tlie  scale  of  the  spring  determined  by  calibration  is  found  to 
vary  from  the  nominal  scale  with  substantial  uniformity,  it  is  usually 
suflBciently  accurate  to  take  the  arithmetical  mean  of  the  scales  found 
at  the  different  pressures  tried.  When,  however,  the  scale  varies  con- 
siderably at  the  different  points,  and  absolute  accuracy  is  desired,  the 
method  to  be  pursued  is  as  follows  :  Select  a  sample  diagram  and 
divide  it  into  a  number  of  parts  by  means  of  lines  parallel  to  the 
atmospheric  line,  the  number  of  lines  being  equal  to  and  corresponding 
with  the  number  of  points  at  which  the  calibration  of  the  spring  is 
made.  Take  the  mean  scale  of  the  spring  for  each  division,  and  mul- 
tiply it  by  the  area  of  the  diagram  enclosed  between  two  contiguous 
lines.  Add  all  the  products  together  and  divide  by  the  area  of  the 
whole  diagram  ;  the  result  will  be  the  average  scale  of  the  spring  to  be 
used.  If  the  sample  diagram  selected  is  a  fair  representati v^e  of  the 
entire  set  of  diagrams  taken  during  the  test,  this  average  scale  can  be 
applied  to  the  whole.  If  not,  a  sufficient  number  of  sample  diagrams 
representing  the  various  conditions  can  be  selected,  and  the  average 
scale  determined  by  a  similar  method  for  each,  and  thereby  the  average 
for  the  whole  run. 

To  make  sure  of  substantial  freedom  of  motion  of  the  piston,  and 
absence  of  undue  friction,  the  tests  relating  to  this  matter  in  Section 
XIII.  should  be  made  for  each  of  the  pressures  of  calibration. 

XV.  Brake  Horse-power. — This  term  applies  to  the  power 
delivered  from  the  flywheel  shaft  of  the  engine.     It  is  the  power 
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al)sorl)C(l  by  a  friction  hnxko  jip[)lio(l  to  tlio  rim  of  tlio  wheel, 
•r  to  the  shjift.  A  form  of  brako  is  preferred  that  is  self-adjusting 
to  a  certain  extent,  so  that  it  will,  of  itself,  tend  to  maintain  a 
constant  resistance  at  the  rim  of  the  wheel.  One  of  the  simplest 
brakes  for  comparatively  small  engines,  which  may  bo  made  to 
embody  this  princij^le,  consists  of  a  cotton  or  hemp  rope,  or  a 
number  of  ropes,  encircling  the  wheel,  arranged  with  weighing 
scales  or  other  means  for  showing  the  strain.  An  ordinary 
band  brake  may  also  be  constructed  so  as  to  embody  the  prin- 
ciple. The  wheel  should  be  provided  with  interior  flanges  for 
holding  water  used  for  kee2:)ing  the  rim  cool. 
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A  self-adjusting  rope  brake  is  illustrated  in  Fig.  119,  where  it  will 
be  seen  that,  if  the  friction  at  the  rim  of  the  wheel  increases,  it  will 
lift  the  weight  ^1,  which  action  will  diminish  the  tension  in  the  end  B 
of  the  rope,  and  thus  prevent  a  further  increase  in  the  friction.  The 
same  device  can  be  used  for  a  band  brake  of  the  ordinary  construction. 
Where  space  below  the  wheel  is  limited,  a  cross  bar,  C,  supported  by  a 
chain  tackle  exactly  at  its  centre  point  may  be  used  as  shown  in  Fig.  1*20, 
thereby  causing  the  action  of  the  weight  on  the  brake  to  be  upward. 
A  safety  stop  should  be  used  with  either  form,  to  prevent  the  weights 
being  accidentally  raised  more  than  a  certain  amount. 

The  water-friction  brake  is  specially  adapted  for  high  speeds 
and  has  the  advantage  of  being  self-cooling.  The  Aldeu  brake 
is  also  self-cooling  and  is  capable  of  fine  adjustment. 
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A  water  friction  brake  is  shown  in  Fig.  1'31 .  It  consists  of  two  circular 
disks,  A  and  /i,  attached  to  the  shaft  0,  and  revolving  in  a  case,  JiJ,  be- 
tween fixed  pliines.  'llie  space  between  the  disks  and  planes  is  supplied 
with  running  water,  which  enters  at  D  and  escapes  at  the  cocks  F,  G, 
and  JJ.  The  friction  of  the  water  against  the  surfaces  constitutes  a 
resistance  which  absorbs  the  desired  power,  and  the  heat  generated 
within  is  carried  away  by  the  water  itself.  The  water  is  thrown  out- 
ward by  centrifugal  action  and  fills  the  outer  portion  of  the  case.  The 
greater  the  depth  of  the  ring  of  water,  the  greater  the  amount  of  power 
absorbed.  Hy  suitably  adjusting  the  amount  of  water  entering  and 
leaving  any  desir<  d  power  can  be  obtained.  Water- friction  brakes  have 
been  used  successfully  at  speeds  of  over  20,000  revolutions  per  minute. 

For  description  of  the  Aklen  brake,  see  Transactions,  vol.  xi.,  p.  958. 

XVI.  Quality  of  Steam. — Wbeu  ordinary  saturated  steam  is 
used^  its  quality  sliould  be  obtained  by  tlie  use  of  a  throttliog 


Fig.  121. 


calorimeter  attached  to  tlie  main  steam  pipe  near  the  throttle 
valve.  When  the  steam  is  superheated,  the  amount  of  super- 
heating should  be  found  by  the  use  of  a  thermometer  placed  in 
a  thermometer-well  filled  with  mercury,  inserted  in  the  pipe. 
The  sampling  pipe  for  the  calorimeter  should,  if  possible, 
be  attached  to  a  section  of  the  main  pipe  having  a  vertical 
direction,  with  the  steam  preferably  passing  upward,  and  the 
sampling  nozzle  sliould  be  made  of  a  half-inch  pipe,  having  at 
least  20  one-eighth-inch  holes  in  its  perforated  surface.     The 


I 
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rojulin^s  ot"  tlu)  ciilorimetor  shouKl  ])(3  corrcctcHl  for  ladiatioii  of 
the  instrument,  or  they  slioukl  l)o  referred  to  a  normal  readinj^, 
as  ])ointed  out  l)el(^\v.  If  the  steam  is  superlieated,  the  amount 
of  superheating  should  be  obtained  by  referring  the  reading  of 
the  thermometer  to  tliat  of  the  same  thermometer  when  the 
steam  within  the  ])ipe  is  saturated,  and  not  by  taking  the  differ- 
ence between  the  reading  of  the  thermometer  and  the  tempera- 
ture of  saturated  steam  at  the  observed  pressure  as  given  in  a 
^team  table. 

If  it  is  necessary  to  attach  the  calorimeter  to  a  horizontal  section  of 
pipe,  and  it  is  important  to  determine  the  quantity  of  moisture  accu- 
rately, a  sampling  nozzle  should  be  used  which  has  no  perforations, 
and  which  passes  through  a  stuffing  hox  api)lied  to  the  bottom  of  the 
pipe  so  that  it  can  be  adjusted  up  and  down,  and  thereby  draw  a  sample 
at  different  points  ranging  from  the  top  to  ihe  bottom.  By  this  means 
the  character  of  the  steam  in  the  lower  portion  of  the  pipe,  where  it 
contains  the  most  moisture,  can  be  determined,  and  especially  that  at 
the  very  bottom,  where  there  is  usually  more  or  less  water  being  carried 
along  the  pipe.  If,  by  a  preliminary  test,  water  is  found,  at  this  point, 
we  recommend  that  a  drip  pipe  be  attached  a  short  distance  in  front  of 
the  calorimeter,  the  end  of  the  drip  being  below  the  level  of  the  bottom, 
and  a  sufficient  quantity  of  steam  be  drawn  off  while  the  trial  con- 
tinues, to  remove  the  water  and  cause  the  calorimeter  to  show  dry 
steam  at  whatever  height  the  sampling  nozzle  is  adjusted.  The  quan- 
tity of  steam  and  water  thus  drawn  off  should  be  determined  by  passing 
it  under  pressure  through  a  separator,  weighing  the  water  after  cooling 
it,  and  the  steam  after  condensing.  If  the  amount  of  water  on  the 
bottom  of  the  pipe  is  so  excessive  that  it  cannot  be  removed  by  this 
means,  or  in  cases  where  the  main  pipe  is  vertical,  and  the  calorimeter 
shows  that  the  percentage  of  moisture  varies  widely,  sometimes  exceed- 
ing 3  per  cent.,  we  recommend  that  a  separator  should  be  introduced 
before  making  a  test,  so  as  to  free  the  steam  of  all  moisture  that  it  is 
possible  to  remove,  the  calorimeter  being  attached  beyond  the  separator. 

To  determine  the  "  normal  reading  "  of  the  calorimeter,  the  instru- 
ment should  be  attached  to  a  horizontal  steam  pipe  in  such  a  way  that 
the  nozzle  projects  upwards  to  near  the  top  of  the  pipe,  there  being 
no  perforations  and  the  steam  entering  through  the  open  end. 
The  test  should  be  made  when  the  steam  in  the  pipe  is  in  a 
quiescent  state,  and  when  the  steam  pressure  is  constant.  If  the  steam 
pressure  falls  during  the  time  when  the  observations  are  being  made, 
the  test  should  be  continued  long  enough  to  obtain  the  effect  of  an 
equivalent  rise  of  pressure.  When  the  normal  reading  has  been 
obtained,  the  constant  to  be  used  in  determining  the  percentage  of 
moisture  is  the  latent  heat  of  the  steam  at  the  observed  pressure  divided 
by  the  specific  heat  of  supeflieated  steam  at  atmosphere  pressure,  which 
is  forty-eight  hundredths  (0.48).  To  ascertain  this  percentage,  divide 
the  number  of  degrees  of  cooling  by  the  constant,  and  multiply  by  100. 

To  determine  the  quantity  of  steam   used   by   the    calorimeter   in 
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an  instrument  where  the  steam  is  passed  tLrough  an  orifice  under  a 
given  pressure,  it  is  usually  iiccunite  cnougli  to  calculate  the  quantity 
from  the  area  of  the  orifice;  and  the  absolute  ])rcssure,  using  Kankine's 
well-known  fonnula  for  the  number  of  pounds  which  passes  through 
per  second;  that  is,  absolute;  piessun;  in  pounds  per  square  inch  divided 
by  70  and  multiplied  by  the  area  of  orifice  in  square  inches.  If  it  is 
desired  to  determine  the  quantity  exactly,  a  steam  hose  may  be  attached 
to  the  outlet  of  the  calorimeter,  and  carried  to  a  barrel  of  water  placed 
on  a  platform  scale.  The  steam  is  condensed  for  a  certain  time  and 
its  weight  determined,  and  thereby  the  quantity  discharged  per  hour. 

XVII.  Speed, — There  are  several  reliable  metliods  of  ascer- 
taining the  speed,  or  the  number  of  revolutions  of  the  engine 
crank-shaft  per  minute.  The  simplest  is  the  familiar  method  of 
counting  the  number  of  turns  for  a  j^eriod  of  one  minute  with 
the  eye  fixed  on  the  second  hand  of  a  timepiece.  Another  is 
the  use  of  a  counter  held  for  a  minute  or  a  number  of  minutes 
against  the  end  of  the  main  shaft.  Another  is  the  use  of  a  reliable 
calibrated  tachometer  held  likewise  against  the  end  of  the  shaft. 
The  most  reliable  method,  and  the  one  we  recommend,  is  the 
use  of  a  continuous  recording  engine  register  or  counter,  taking 
the  total  reading  each  time  that  the  general  test  data  are  re- 
corded, and  computing  the  revolutions  per  minute  corresponding 
to  the  difference  in  the  readings  of  the  instrument.  When  the 
speed  is  above  250  revolutions  per  minute,  it  is  almost  impossi- 
ble to  make  a  satisfactory  counting  of  the  revolutions  without 
the  use  of  some  form  of  mechanical  counter. 

The  determination  of  variation  of  speed  during  a  single  revo- 
lution, or  the  effect  of  the  fluctuation  due  to  sudden  changes  of 
the  load,  is  also  desirable,  especially  in  engines  driving  electric 
generators  used  for  lighting  purposes.  There  is  at  present  no 
recognized  standard  method  of  making  such  determinations,  and 
if  such  are  desired,  the  method  employed  may  be  devised  by 
the  person  making  the  test,  and  described  in  detail  in  the 
report. 

One  method  suggested  for  determining  the  instantaneous  variation  of 
speed  which  accompanies  a  change  of  load,  is  as  follows  :  A  screen  contain- 
ing a  narrow  slot  is  placed  on  the  end  of  a  bar  and  vibrated  by  means  of  elec- 
tricity. A  corresponding  slot  in  a  stationary  screen  is  placed  parallel  and 
nearly  touching  the  vibrating  screen,  and  the  two  screens  are  placed  a  short 
distance  from  the  flywheel  of  the« engine  in  such  a  position  that  the 
observer  can  look  through  the  two  slots  in  the  direction  of  the  spokes 
of  the  wheel.  The  vibrations  are  adjusted  so  as  to  conform  to  the 
frequency  with  which  the  spokes  of  the  wheel  pass  the  slots.     When 
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this  is  (lone  the  ol»sorv<'r  viewing  flu*  wli.-cl  tlironjj:!!  the  slots  sees  what 
nppoars  to  bo  a  stiitiomiry  Jlywhcrl.  \\  !mii  a  chan^M!  in  tlu'  vclorily  of 
llio  llywht'ol  occurs,  tin;  wheel  appears  to  levolvo  either  backward  or 
forward  according  to  the  direction  of  the  ehaii^o.  liy  careful  observa- 
tions of  the  amount  of  this  motion,  the  angular  chan<,n' of  velocity  during 
any  «;iven  time*  is  revealed. 

Kxpi-riments  that  liave  Ixmmi  nuide  with  a  device  of  this  kind  show  that 
the  instantaneous  <:ain  of  velocity,  upon  suddenly  nMuoving  all  tli<?  loa<l 
from  an  eng^ine,  ainount<'d  to  from  on«vsixth  to  one  (ptarter  of  a  revolu- 
tion of  the  wheel. 

XVIII.  Recording  the  Data. — Take  note  of  every  event  con- 
nected with  the  progress  of  the  trial  whether  it  seems  at  the  time 
to  be  important  or  unimportant,  liecorcl  tlie  time  of  every  event, 
and  time  of  taking  every  weight,  and  every  observation.  Ob- 
serve the  pressures,  temperatures,  water  heights,  speeds,  etc., 
every  twenty  or  thirty  minutes  wdien  the  conditions  are  prac- 
tically uniform,  and  at  much  more  frequent  intervals  if  the 
conditions  vary.  Observations  which  concern  the  feed-water 
measurement  should  be  made  with  special  care  at  the  expiration 
of  each  hour  of  the  trial,  so  as  to  divide  the  tests  into  hourly 
periods  and  show  the  uniformity  of  the  conditions  and  results 
as  the  test  goes  forward.  Where  the  water  discharged  from  a 
surface  condenser  is  weighed  it  may  be  advisable  to  divide  the 
test  by  this  means  into  periods  of  less  than  one  hour. 

The  data  and  observations  of  the  test  should  be  kept  on 
properly  prepared  blanks  or  in  note-books  containing  columns 
suitably  arranged  for  a  clear  record.  As  different  observers 
have  their  own  individual  ideas  as  to  how  such  records  should 
be  kept,  no  special  form  of  log  sheet  is  given  as  a  necessary 
part  of  the  code. 

XIX.  Uniformity  of  Conditions. — In  a  test,  having  for  an 
object  the  determination  of  the  maximum  economy  obtainable 
from  an  engine,  or  where  it  is  desired  to  ascertain  with  special 
accuracy  the  effect  of  predetermined  conditions  of  operation,  it  is 
important  that  all  the  conditions  under  which  the  engine  is 
operated  should  be  maintained  uniformly  constant.  This  re- 
quirement applies  especially  to  the  pressure,  the  speed,  the  load, 
the  rate  of  feeding  the  various  supplies  of  water,  the  height  of 
water  in  the  gauge  glasses,  ttnd  the  depth  of  water  in  the  feed- 
water  reservoir. 

XX.  Analysis  of  Indicator  Diagrams. — (a)  Steam  Accounted 
for    hy   the  Indicator.      The    simplest    method    of    computing 
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tlie  stoam  accoitnted  for  l)y  the  indicator  is  the  use  of  the 
formula, 

M  =  jl^  [(C  +  m  X  Wc  -  {II  +  E)  X  Whl 

which  gives  tlie  weight  in  pounds  per  indicated  liorse-power 
per  hour.  In  this  formula  the  symbol  "  M.E.P."  refers  to  the 
mean  effective  pressure.  In  multiple-expansion  engines,  this  is 
the  combined  mean  effective  pressure  referred  to  the  cylinder  in 
question.  The  symbol  C  refers  to  the  proportion  of  the  stroke 
completed  at  points  on  the  expansion  line  of  the  diagram  near 
the  actual  cut-off  or  release  ;  the  symbol  //  to  the  proportion  of 
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Fig.  132. — Showing  Points  where  "  Steam  Accounted  for  by  Indicator" 

IS  Computed. 

compression  ;  and  the  symbol  E  to  the  proportion  of  clearance ; 
all  of  which  are  determined  from  the  indicator  diagram.  The 
symbol  Wc  refers  to  the  weiglit  of  one  cubic  foot  of  steam  at 
the  cut-off  or  release  pressure ;  and  the  symbol  Wh,  to  the 
weight  of  one  cubic  foot  of  steam  at  the  compression  pressure  ; 
these  weights  being  taken  fro'u  steam  tables  of  recognized  accu- 
racy. The  points  near  the  cut-off  and  releas  ^  on  the  expansion 
line,  and  the  point  on  the  compression  line,  are  located  as  shown 
on  the  sample  diagram  Fig.  122.  They  are  the  points  in  the 
case  of  the  expansion  and  compression  lines  of  the  diagram 
which  mark  the  complete  closure  of  the  valve.  The  point  near 
the  cut  off,  for  example,  lies  where  the  curve  of  expansion  be- 
gins after  the  rounding  of  the  diagram  due  to  the  wire-drawing 
which  occurs  while  the  valve  is  closing.      This  cut-off  may  be 


KKPOHT    or    COMMirrKK    ON    STANI)AKl)l/IN(i    KNr.INK    IKS'IS.       745 

loc.itinl  h\  finding  tlio  point   wlioro  tlio   curve  is  tangent   to  a 
liyperbolic  curve. 

Should  tl](^  point  in  tlie  compression  curve  he  at  the  same 
height  as  the  point  in  the  expansion  curve,  then  ll^*  =  1(7/,  and 
tlie  formula  becomes, 

in  which  (C—II)  represents  the  distance  between  the  two  pointss 
divided  bj  the  length  of  the  diagram. 

When  the  load  and  all  other  conditions  are  substantially  uni- 
form, it  is  unnecessary  to  work,  up  the  steam  accounted  for  by 
the  indicator  from  all  the  diagrams  taken.  Five  or  more  sam])le 
diagrams  may  be  selected  and  the  computations  based  on  the 
samples  instead  of  on  the  whole. 

The  "combined"  mean  effective  pressure  in  a  multiple-expansion 
engine  is  determined  as  follows  :  Take,  for  example,  a  compound 
engine.  Tbe  cmnbined  mean  effective  pressure  for  tbe  liigb  ]>ressurc 
cylinder  is  made  up  of  two  items — tbe  first  being  tbe  mean  effective 
pressure  of  tbe  bigb-prossure  cylinder,  and  tbe  second  being  ibe  mean 
effectivepressureof  tbe  low-pressure  cylinder  multiplied  by  tbe  ratio  wbicb 
tbe  volume  of  piston  displacement  of  tbe  low-pressure  cylinder  bears 
to  that  of  tbe  bigb-pressure  cylinder.  Tbe  sum  of  these  two  items  gives 
the  combined  mean  effective  pressure  for  the  high-pressure  cylinder. 
Likewise,  the  combined  mean  effective  pressure  for  the  low-pressure 
cylinder  is  made  up  of  two  items,  one  of  wbicb  is  the  mean  effective 
pressure  of  the  low-])ressure  cylinder,  and  tbe  other  the  mean  effective 
pressure  of  tbe  high-pressure  cylinder  divided  by  the  ratio  mentioned. 
The  sum  of  these  iwo  items  gives  the  combined  mean  effective  pressure 
for  tbe  low-pre.ssure  cylinder. 

In  working  out  tbe  "steam  accounted  for,"  in  a  case  where  the  mean 
effective  pressure  is  widely  different  at  the  two  ends  of  the  cylinder, 
that  part  of  tbe  formula  exclusive  of  tbe  mean  effective  pressure  should 
be  computed  for  each  end  separately.  The  two  results  are  tben  added 
together  and  divided  by  tbe  sum  of  the  two  mean  effective  pressures, 
and  this  gives  the  desired  average. 

(b)  Sample  Indicator  Diagrams :  In  order  that  the  report  of  a 
test  may  afford  complete  information  regarding  the  conditions  of 
the  test,  sample  indicator  diagrams  should  be  selected  from 
those  taken  and  copies  appended  to  the  tables  of  results.  In 
cases  where  the  engine  is  of  the  multiple-expansion  type  these 
sample  diagrams  may  also  be  arranged  in  the  form  of  a  "  com- 
bined "  diagram. 
48 
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The  "  Combined  Diiigram  "  is  a  hypothetical  figure,  which  in  its  es- 
sential features  represents  an  indicator  diagram  which  would  beobtained 
if  the  whole  process  of  admiftsion,  expansion  and  exhaust  occurred  in  one 
cylinder,  viz.,  the  low-pressure  cylinder.  It  is  a  diagram  from  which 
the  pressure'  of  the  steam  at  any  point  in  the  stroke  of  either  cylinder, 
and  the  vohime  of  that  steam,  can  be  measured  from  one  diagram,  in 
the  same  manner  that  it  can  be  measured  in  the  case  of  a  single  cylin- 
der engine  from  the  actual  indicator  diagram. 

The  general  method  of  laying  out  a  combined  diagram,  is  shown  in 
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Fig.  123.— Actual  Diagram.     Receiver  Engine. 
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the  appended  cuts  (Figs.  123  to  126),  the  first  of  which  refer  to  a  Corliss 
compound  engine  (receiver  engine),  in  which  the  ratio  of  volumes  of 
the  two  cylinders  is  as  3.72  to  1,  and  the  clearance  of  the  high-pressure 
cylinder  is  4  per  cent.,  and  of  the  low-pressure  cylinder,  4.8  per  cent. ; 
and  the  second,  to  a  Westinghouse  compound  engine  ( Woolf  Engine),  in 
which  the  ratio  of  volumes  is  as  2.72  to  1,  and  the  clearance,  33  per  cent, 
and  9  per  cent,  respectively.  These  diagrams  are  so  clearly  drawn  that 
they  will  doubtless  be  readily  understood  without  further  description. 
The  principle  to  bp.  followed  in  laying  out  combined  diagrams  when 
the  engine  is  of  more  complicated  character  than  the  one  referred  to 
here,  is,  so  far  as  possihle,  to  show  the  volume  and  pressure  of  the 
steam  at  any  point  in  either  cylinder,  so  as  to  measure  them  directly 
from  the  combined  diagram. 
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Fig.  124. 

COMBINED  DIAGRAM. 
RECEIVER  ENGINE. 
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Fig.  126.— Combiised  Di.\gkam.  Woolf  Engine. 
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(c)  The  Point  of  Cvt-nf :  Tho  term  "  cut-t.fr"  ;is  ;i])i)lio(l  to 
stoam  cngiiH^s,  altlioii^li  somewhat  iiulctinitc  is  uMi.illy  cousid- 
ored  to  be  at  an  earlier  point  iu  the  stroke  than  tho  Ixiginning 
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,      Fig.  127. — Four-valve  Engine.  Slow  Speed. 

Commercial  Cdt-off  =  -rr,- 

AC 

of  the  real  expansion  line.  That  the  cut-off  j^oint  may  be  defined 
in  exact  terms  for  commercial  purposes,  as  used  in  steam-engine 
specifications  and  contracts,  the  Committee  recommends  that, 
unless  otherwise  specified,  the  commercial  cut-off^  which  seems 
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Fig.  128. — Sikgle-valve  Engine,  High  Speed, 

BG 


Commercial  Cut-off  =: 


AC 


to  be  an  appropriate  expression  for  this  term,  be  ascertained  as 
follows  :  Through  a  point  showing  the  maximum  pressure 
during  admission,  draw  a  line  parallel  to  the  atmospheric  line. 
Through  the  point  on  the  expansion  line  near  the  actual  cut-off, 
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referred  to  in  Section  XX.  (a),  draw  a  hyperbolic  curve.  The 
point  where  these  two  lines  intersect  is  to  be  considered  the 
commercial  cut-off  point.  The  percentage  is  then  found  by  divid- 
ing the  length  of  the  diagram  measured  to  this  point,  by  tlie 
total  length  of  the  diagram,  and  multiplying  the  result  by  100. 

The  principle  involved  in  locating  tlie  commercial  cut-off  is 
shown  in  Figs.  127  and  128,  the  first  of  which  represents  a  diagram 
from  a  slow-speed  Corliss  engine,  and  the  second  a  diagram 
from  a  single  valve  high-speed  engine.  In  the  latter  case  where, 
owing  to  the  fling  of  the  pencil,  the  steam  line  vibrates,  the 
maximum  pressure  is  found  by  taking  a  mean  of  the  vibrations 
at  the  highest  point. 

The  commercial  cut-off,  as  thus  determined,  is  situated  at  an 
earlier  point  of  the  stroke  than  the  actual  cut-off  referred  to  in 
computing  the  "  steam  accounted  for  "  by  the  indicator  in  Sec- 
tion XX.  (a). 

(d)  Ratio  of  Expansion :  The  ratio  of  expansion  for  a  simple 
engine  is  determined  by  dividing  the  volume  corresponding  to 
the  piston  displacement,  including  clearance,  by  the  volume  of 
the  steam  at  the  commercial  cut-off,  including  clearance. 

In  a  multiple-expansion  engine  it  is  determined  by  dividing 
the  net  volume  of  the  steam  indicated  by  the  low  pressure 
diagram  at  the  end  of  the  expansion  line,  assumed  to  be. con- 
tinued to  the  end  of  the  stroke,  by  the  net  volume  of  the  steam 
at  the  maximum  pressure  during  admission  to  the  high  pressure 
cylinder. 

For  example,  in  a  simple  engine,  referring  to  Figs.  127  and  128,  the 

ratio   of   expansion   is   the   entire   distance   HF  including   clearance, 

WW 
divided  by  the  distance  EB  including  clearance  ;  that  is  —rj^. 

For  a  compound  engine,  referring  to  the  combined  diagram  Fig.  129, 
the  ratio  of  expansion  is  the  distance  CD  divided  by  the  distance  AB. 
In  which  JS'and  i^  are  points  on  the  compression  and  expansion  lines 
respectively  of  the  high  pressure  diagram,  the  latter  being  near  the 
point  of  cut-off  ;  and  H  and  G,  points  on  the  compression  and  expan- 
sion lines  of  the  low  pressure  diagram,  the  latter  being  near  the  point 
of  release,  and  the  curves  EA,  FB,  HC,  and  OD  being  hyperbolic.  If 
it  is  desired  to  determine  the  ratio  without  laying  out  the  combined 
diagram  it  can  be  done  by  drawing  on  the  original  diagrams  the  hyper- 
bolic curves  referred  to  above,  and  multiplying  the  ratio  of  volumes  of 
the  cylinders,  first  by  the  ratio  of  the  length  of  the  high  pressure  dia- 
gram to  the  distance  AB  and  then  by  the  ratio  of  the  distance  CD  to 
the  length  of  the  low  pressure  diagram. 
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[o)  /diagram  Factor:  The  (liagrjini  fjictor  is  tli(^  proj^ortion 
boruo  by  tho  actual  moan  cffectivo  pressiiro  nicasiired  from 
the  indicator  diagram  to  tliat  of  a  diajjjram  in  wliicli  the  various 
operations  of  admission,  expansion,  release  and  compression  are 
carried  on  under  assumed  conditions.    The  factor  recommended 


Maxliiuun  pressure 
duriug  admission. 


Ratio  of  Expansion  = 


CD 
AB 


Com.on  Eng.  Tests 


Fig.  129. 


refers  to  an  ideal  diagram  which  represents  the  maximum  power 
obtainable  from  the  steam  accounted  for  by  the  indicator  dia- 
grams at  the  point  of  cut-off,  assuming  first  that  the  engine  has 
no  clearance ;  second,  that  there  are  no  losses  through  wire- 
drawing the  steam  either  during  the  admission  or  the  release  ; 
third,  that  the  expansion  line  is  a  hyperbolic  curve ;  and 
fourth,   that  the  initial  pressure  is  that  of  the  boiler  and  the 
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back  pressure  tliat  of  the  atmosphere  for  a  non-condensing 
engine,  and  of  the  condenser  for  a  conden-ing  engine. 

The  diagram  factor  is  useful  for  comparing  the  steam  dis- 
tribution k)sses  in  difierent  engines,  and  is  of  special  use  to  the 
engine  designer,  for  by  multiplying  tlie  mean  effective  pressure 
obtained  from  the  assumed  theoretical  diagrams  by  it  he  will 
obtain  the  actual  mean  effective  pressure  that  should  be  de- 
veloped in  an  engine  of  the  type  considered.  The  expansion  and 
compression  curves  are  taken  as  hyperbolas,  because  such  curves 
are  ordinarily  used  by  engine  builders  in  their  work,  and  a 
diagram  based  on  such  curves  will  be  more  useful  to  them  than 
one  where  the  curves  are  constructed  according  to  a  more  exact 
law. 

In  cases  where  there  is  a  considerable  loss  of  pressure  between 
the  boiler  and  the  engine,  as  where  steam  is  transmitted  from  a 
central  plant  to  a  number  of  consumers,  the  pressure  of  the  steam 
in  the  supply  main  should  be  used  in  place  of  the  boiler  pressure 
in  constructing  the  diagrams. 

The  method  of  determining  the  diagram  factor  is  best  shown  by 
referring  to  Figs.  13  )  to  138,  which  apply  to  a  simple  non-condensing 
engine,  a  simple  condensing  engine,  and  a  compound  condensing  en- 
gine. 

In  Fig.  130  BS  represents  the  volume  of  steam  at  boiler  pressure  ad- 
mitted to  the  cylinder,  PR  and  OS  being  hyperbolic  curves  drawn 
through  the  compression  and  cut-off  points  respectively.  In  Fig.  131 
the  factor  is  the  proportion  borne  by  the  area  of  the  actual  diagram  to  that 
of  the  diagram  CNHSK.  In  Fig.  I."^j2  the  factor  is  the  proportion  borne 
to  the  area  of  the  diagram  VNH8K.  In  Fig.  133  the  factor  is  the  propor- 
tion borne  by  the  area  of  the  two  combined  diagrams  to  the  area  CNHSK. 
In  Fig.  131,  where  the  diagr  .m  is  the  same  as  in  Fig.  130,  the  distance 
CN  is  laid  off  equal  to  RS  sliown  in  Fig.  130,  and  the  curve  NH  is  a 
hyperbola  referred  to  the  zero  lines  CJf  and  MJ.  In  Fig.  132  the  dis- 
tance CN  is  found  in  a  similar  way.  In  Fig.  133  the  distance  CN  for 
the  high-pressure  cylinder  is  found  in  the  same  manner  as  in  the  case  of 
a  simple  engine.  The  mean  effectiye  pressure  of  the  ideal  diagram  can 
readily  be  obtained  from  the  formula 

|(1  +  Hyp.  Log.  R.)  -  p (1) 

where    P    is    the    absolute    pressure   of   the    steam    in    the    boiler, 

MJ 

R  tlip  ratio  tttv,  and  p  the  pressure  of  the  atmosphere  or  in  the  con- 
denser, 

XXI.  Standards  of  Economy  and  Efficiency. — The  hourly 
consumption  of  heat,  determined  by  employing  the  actual  tern- 
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ARC 


Fig.  130. — Net  Volume  of  Steam  Admitted  =  BS. 

Boiler  Pressure 


"^  Line  of  Zero  Pressure 
Fig.  131. — Diagram  Factor,  Nox-co^^DEXSLXG  Engine. 

Boiler  Pressure 
._  N 

CX  is  determined  in  the  same  way 
as  £S  in  Fig.  130. 


Line  of  Condenser   Pressure 


Line  of  Zero  Pressure 


Fig.  132.— Diagram  Factor,  Condensing  Engine. 
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T-  Boiler   Pressure 


XCis  determined  for  the  higli-pnsHnre  diuj^iam    in   ilic 
game  way  as  Ji'^  in  Fig.  130. 
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Zero  Line  of  Pressure 


in   Condenser 
Fig.  133. — Diagram  Factok,  Compouxd  Engine. 
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penitnre  of  tlie  feed  water  to  tlie  boiler,  as  ])oiute(l  out  in  Article 
IX.  of  the  Code,  divided  ])y  the  indicated  and  brake  horse-])Ower, 
that  is,  the  number  of  lie.it  units  consumed  per  indicated  and 
per  brake  liorso- power  ])er  hour,  are  the  standards  o£  en^^ine  efii- 
ciency  recommended  by  the  Committee.  The  consum])tion  jfcr 
hour  is  chosen  rather  tlian  the  consumption  ])er  minute,  so  as  to 
conform  with  the  designation  of  time  applied  to  the  more  fam- 
iliar units  of  coal  and  water  measurement,  which  have  hereto- 
fore been  used.  The  British  standard,  where  the  temperature 
of  the  feed  water  is  taken  as  that  corresponding  to  the  tem- 
perature of  the  back-]>ressure  steam,  allowance  being  made  for 
any  drips  from  jackets  or  reheaters,  is  also  included  in  the 
tables. 

It  is  useful  in  this  connection  to  express  the  efficiency  in  its 
more  scientific  form,  or  what  is  called  the  "  thermal  efficiency 
ratio."  The  thermal  efficiency  ratio  is  the  proportion  which  the 
heat  equivalent  of  the  power  developed  bears  to  the  total  amount 
of  heat  actually  consumed,  as  determined  by  test.  The  heat  con- 
verted into  work  represented  by  one  horse-power  is  1,980,000 
foot-pounds  per  hour,  and  this  divided  by  778  equals  2,545 
British  thermal  units.  Consequently,  the  thermal  efficiency 
ratio  is  expressed  by  the  fraction 

2,545 


B.  T.  U.  per  H.-P.  per  hour. 

Memoranda  Regarding  the  British  Standard.— The  principal 
objection  which  the  Committee  has  to  the  use  of  the  British  standard  of 
engine  economy  for  the  leading  place,  is  as  follows  : 

The  practical  utility  of  an  engine  depends  almost  wholly  upon  the  fact 
that  it  is  used  for  some  form  of  industrial  work,  and,  in  combination  with 
a  boiler  and  various  appurtenances,  it  is  a  part  of  a  complete  power  plant. 
Were  it  not  for  the  unreliable  character  of  coal  and  other  fuels,  the  proper 
standard  of  economy  for  such  an  engine,  with  a  boiler  of  given  efl&ciency, 
would  be  the  fuel  consumed,  because  fuel  is,  in  reality,  the  source  of  the 
power,  and  this  is  ihe  most  important  thing  to  be  supplied  in  operating 
the  engine.  The  use  of  a  standard  of  heat  units  in  place  of  fuel,  meets 
the  objectionable  characteristics  of  coal  due  to  its  heat  variability,  and  in 
doing  this,  ii  makes  no  change  in  tlie  conditions  under  which  the  standard 
should  be  employed.  These  are  the  actual  conditions  of  use,  and  not  the 
ideal  conditions.  The  British  method  furnishes  a  means  of  determining 
and  stating  the  ideal  performance  of  an  engine  working  under  assumed 
conditions.  It  does\iot  give  the  performance  of  the  entire  engine  plant 
under  the  actual  conditions  as  affected  by  the  eflBciency  of  the  heaters  and 
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auxiliaries,  and  the  performance  under  such  conditions  is  usually  of  the 
greatest  importance. 

The  advantages  irj  favor  of  the  British  standard  are  as  follows  : 

1.  It  expresses  th(!  economy  (;f  the  engine  as  an  independent  machine, 
unaffected  by  the  failings  of  the  feed-water  heater  or  condenser. 

2.  In  this  form,  it  is  useful  for  expressing  the  economy  of  an  engine 
in  the  testing  shop  of  an  engine  builder,  or  in  the  mechanical  laboratory 
of  a  college,  where  it  forms  no  part  of  a  power  plant. 

3.  A  comparison  of  the  British  standard  with  the  economy  of  an  ideal 
engine  working  between  the  same  limits  of  temperature  reveals  those 
losses  going  on  which  are  due  to  the  engine  alone,  and  this  furnishes 
information  not  otherwise  obtained. 

The  arrangement  of  the  various  forms  used  in  stating  the  efficiency, 
as  proposed  by  the  Committee,  gives  due  weight  to  both  of  these 
standards,  placing  the  one  in  the  lead  which  is  regarded  as  the  most 
important. 

XXII.  Heat  Analysis. — For  certain  scientific  investigations,  it 
is  useful  to  make  a  heat  analysis  of  the  diagram,  to  show  the  in- 
terchange of  heat  from  steam  to  cylinder  walls,  etc.,  which  is 
going  on  within  the  cylinder.  This  is  unnecessary  for  com- 
mercial tests. 

Reference  may  be  made  to  the  standard  text-books  on  thermody- 
namics for  detailed  information  regarding  the  methods  to  be  pursued  and 
the  formulae  to  be  used  in  working  out  the  heat  analysis.  The  prin- 
ciples involved  may  be  briefly  summarized  as  follows  :  A  certain  amount 
of  heat  is  supplied  to  the  engine  in  a  given  time,  and  this  is  represented 
by  the  number  of  pounds  of  steam  supplied  multiplied  by  the  total  heat 
of  one  pound  of  the  same.  A  part  of  this  heat  is  used  in  the  jacket,  if 
such  be  employed,  and  the  balance  passes  through  the  cylinder.  That 
which  enters  the  jacket  is  lost  partly  by  radiation  from  the  outside  sur- 
face, and  the  remaining  portion  enters  the  walls  of  the  cylinder  and  is 
taken  up  by  the  steam  within  it.  The  operations  going  on  witbin  the 
cylinder  consist,  first,  of  the  transfer  of  a  portion  of  the  entering  heat 
into  a  small  portion  of  the  thickness  of  the  walls  of  the  cylinder,  heat- 
ing them  to  the  temperature  of  the  entering  steam.  This  transfer  of 
heat  is  most  active  during  the  period  of  steam  admission  and  up  to  the 
point  of  cut-off.  After  the  cut-off,  the  transfer  continues  until  the  lower 
pressure  due  to  expansion  reaches  such  a  point  that  the  temperature  of 
the  steam  is  below  that  of  the  interior  surfaces  last  uncovered.  Then 
the  interchange  of  heat  is  reversed,  and  the  metal  gives  up  heat  to  the 
steam  and  causes  what  is  known  as  re- evaporation  of  the  particles  of 
water  on  the  surface  of  the  cast-iron  walls  and  piston.  The  giving  up 
of  heat  from  the  small  thickness  of  the  surfaces  which  were  heated 
during  admission  to  the  temperature  of  the  entering  steam  begins 
after  cut-off  takes  place,  or,  to  be  more  explicit,  after  the  pressure 
begins  to  fall,  and  continues  during  th^  entire  stroke.  Heat  is  also 
given  off  from  the  metal  of  the  cylinder  to  the  steam,  due  to  the  higher 
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trinponiturt'  of  the  jackrt,  if  such  1m'  ijst'd,  and  this  occuih  tliroii^'-lKiut 
tlw»  whole  of  tlie  stroke,  nssuminj^  what  is  usuully  true  that  tin-  pres- 
sare  of  stcnni  in  the  jacket  is  ^^reator  than  that  iu  the  cylimh'r. 

There  is  aiiolher  action  jJfoiuj,^  on  in  the  cyliiKh-r  and  that  is  the  loss 
of  heat  due  to  the  performance  of  work.  There  is  also  a  loss  of  heat 
due  to  radiation  from  those  ])ortions  of  the  cylinder  not  protected  by 
the  jacket.  The  quantity  of  heat  remaining  after  the  steam  has  been 
subjected  to  these  various  complicated  actions  is  that  which  pa.-ses  out 
with  the  steam  thr()U<;jh  the  exhaust  valve  and  is  thereby  "  rejected,"  as 
it  is  termed,  to  the  condenser  or  to  tlie  atmosphere.  The  heat  analysiii 
determines  the  amount  of  heat  which  is  used  and  transferred  in  these 
various  actions  during  the  time  in  question,  and  the  various  percentages 
which  these  amounts  bear  to  the  total  quantity  of  heat  supplied. 

XXIII.  Temperature-Entropy  Diagram. — The  study  of  the 
heat  analysis  is  facilitated  by  the  use  of  the  temperature-entropy 
diagram  iu  which  areas  represent  quantities  of  heat,  tlie  coordi- 
nates being  the  absolute  temperature  and  entropy.  Such  a  dia- 
gram is  shown  in  Fig.  134. 

When  the  quantities  given  in  the  steam  tables  are  plotted,  two  curves, 
A  A  and  BB.  are  obtained  which  may  be  termed  the  water  line  and  the 
steam  line,  AA  being  the  logarithmic  curve  if  the  specific  heat  of  the 
water  is  taken  as  constant.  The  diagram  refers  to  a  unit  weight  of  the 
agent,  and  the  beat  necessary  to  raise  a  pound  of  water  from  the  tem- 
perature ma  to  the  temperature  jw.  and  evaporate  it  at  that  temperature 
is  represented  by  the  area  aah'qm.      If  the  steam  be  now  expanded 

adiabatically  the  temperature  will  fall  to  qs  and  x  per  cent.  =  -r  will 

remain  as  steam,  the  rest  being  liquefied.  If  the  steam  is  now  rejected, 
it  carries  away  with  it  the  heat  sqma,  the  work  area  being  ah  m,  from 
which  must  be  deducted  the  work  ic  (expressed  in  lieat  units)  to  pump  a 
pound  of  water  into  the  boiler.    The  efficiency  of  this  cycle  is  evidently 


h  -v  L\  —  xLo  —  10 


h  +  U 


in  which 


X  = 


ar  +  ah'       '^^^  T^.  ^  1\ 


loge  7^  + 


ah  Li 


By  the  action  of  the  walls  a  portion  of  the  steam  is  liquefied  prior  to 
the  expan.sion,  which  therefore  begins  at  r,  and  since  the  cooling  action 
of  the  walls  continues,  the  expansion  line  falls  off  to  ef,  from  which 
point  a  reverse  action  takes  place,  and  tlie  expansion  line  bends  over 
to  g.  Finally,  since  the  release  takes  place  before  the  condenser  tem- 
perature is  reached,  the  heat  rejection  starts  at  g,  following  a  line  of 
equal  volume  until  the  exhaust  port  temperature  is  reached  at  j.     If 
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bent  is  added  diiriiif^  expansion  enough  to  keep  the  steam  theoretically 
saturated,  as,  for  example,  by  a  water  jacket,  such  additional  beat  is 
represented  by  the  area  b'btiq,  and  the  additional  work  obtained  by  the 
triangle  b'bs.  If  the  t^team  is  superheated  sufficiently  to  give  by  expan- 
sion theoretically  dry  steam  at  tiie  end,  such  additional  heat  is  repre- 
sented by  the  area  b  vwj  and  the  additional  work  by  b'vb.s.  Neither  of 
these  extra  amounts  of  work  are  realized  in  practice,  and  it -is  evident 
from  the  diagram  that  the  heat  thus  applied  is  in  both  cases  less  effici- 
ent than  in  the  principal  cycle.     Nevertheless  the  action  in  each  case 


m     p  q       n 

Fig.  134. — Temperatdre-Entropt  Diagram. 


is  to  bring  the  point  e  nearer  the  point  b',  and  to  effect  a  notable  net 
economy. 

The  Carnot  cycle  would  be  obtained  if  in  the  Rankine  cycle  the  rejec- 
tion of  heat  were  stopped  at  7',  and  the  temperature  of  the  mixture 
raised  to  a'  by  compression  This  cannot  be  practically  accomplished, 
but  a  system  of  feed-water  heaters  has  been  suggested  and  exemplified 
in  the  Nordberg  engine,  which  is  theoretically  a  close  equivalent  to  it. 
Where  steam  is  expanded  in  say  three  cylinders,  the  feed  water  may  be 
successively  heated  from  the  receiver  intermediate  between  each  pair, 
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tlu*  ofTcct  of  wliicli  i>  illustrated  in  I*'ig.  1J]."3.  Tlio  cxpuns'oii  line  follows 
th»'  liciivv  line.  Ix'iiiix  •"anicd  over  to  1/  by  tin*  first  feed  water  heater 
and  to//  by  the  second  feed  water  heater.  W  iih  an  infinite  niiniher  of 
such  foed-wnter  heaters,  the  lino  yy'  would  be  ])arallel  to  ad  ,  and  the 
cycle  eciuivalent  to  that  of  Carnot. 

XXIV.  Ratio  of  Economy  of  an  Engine  to  that  of  an  Iueal 
Engine. — The  ideal  engine  recommeudcd  for  obtaininuj  tliis  ratio 
is  that  which  was  adopted  by  the  Committee  appointed  by  the 
Civil  Engineers,  of  I  ondon,  to  consider  and  report  a  standard 
thermal  efficiency  for  steam  engines.  This  engine  is  one  which 
follows  the  Eankine  cycle,  wliere  steam  at  a  constant  pressure  is 
admitted  into  the  cylinder  with  no  clearance,  and  after  the  point 
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Fig.  135.— Temperature-Entropy  Diagram. 


of  cut-off,  is  expanded  adiabatically  to  the  back  pressure.  In 
obtaining  the  econom}'  of  this  engine  the  feed  water  is  assumed  to 
be  returned  to  the  boiler  at  the  exhaust  temperature.  Such  a  cycle 
is  preferable  to  the  Carnot  for  the  purpose  at  hand,  because  the 
Carnot  cycle  is  theoretically  impossible  for  an  engine  using 
superheated  steam  produced  at  a  constant  pressure,  and  the  gain 
in  efficiency  for  superheated  steam  corresponding  to  the  Carnot 
efficiency  will  be  much  greater  than  that  possible  for  the  actual 
cycle. 
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Tlie  ratio  of  tlie  economy  of  an  engine  to  that  of  the  ideal 
engine  is  obtained  by  dividing  the  heat  consumption  per  indi- 
cated horse-power  per  minute  for  tlie  ideal  engine  by  that  of 
the  actual  engine. 

The  economy  of  the  ideal  engine  recommended  can  be  readily 
obtained  from  the  chart  given  in  Fig.  136,  which  has  been  copied  from 
the  report  already  mentioned  of  the  Committee  appointed,  by  the  Civil 
Engineers,  of  London. 

In  Fig.  136,  ta  represents  the  temperature  of  saturated  steam  at  the 
boiler  pressure  in  degrees  Fahr.  ;  tan  that  of  the  steam  furnished  to  the 
engine  should  there  be  superheating;  te  that  of  the  exhaust.  The 
British  thermal  units  consumed  per  minute  per  indicated  horse-power 
by  the  ideal  engine  can  be  read  off  directly  from  the  curves  given  in  the 
upper  portion  of  the  diagram  ;  thus,  if  the  temperature  of  the  exhaust 
{te)  is  212  degrees  Fahr.,  and  the  temperature  of  the  steam  at  boiler 
pressure  350  degrees  Fahr.,  the  heat  consumption  is  265  British  thermal 
units  per  indicated  horse-power  per  minute.  If  the  steam  is  super- 
heated, the  figure  obtained  as  just  described  is  corrected  by  employing 
the  factor  obtained  from  the  lower  part  of  the  diagram.  Opposite  the 
temperature  of  saturation  corresponding  to  the  pressure  in  the  boiler, 
and  on  the  curve  corresponding  to  the  temperature  of  superheated  steam 
(tas)  is  found  a  ciefficient.  This  coefScient  multiplied  by  the  exhaust 
temperature,  and  by  the  heat  consumption  per  minute  obtained  should 
there  be  no  superheating,  gives  the  deduction  to  be  made  on  account  of 
the  superheating.  Thus,  if  the  temperature  of  the  superheated  steam 
is  500  degrees  Fahr.  in  the  case  already  considered  for  satuiated  steam, 
we  find  opposite  350  degrees  for  ta,  and  on  the  curve  for  tas  =  500  degrees 
the  coefficient  0.00015.  This  gives  ihe  correction  0  00015  x  212  x  265 
=  8.5  British  thermal  units,  and  the  heat  consumption  of  the  engine 
when  furnished  with  superheated  steam  will  be  265  —  8.5  =  256  5 
British  thermal  units  per  mdicated  horse-power  per  minute. 

XXV.  Miscellaneous. — In  the  case  of  tests  of  combined 
engines  and  boiler  plants,  where  the  full  data  of  the  boiler  per- 
formance is  to  be  determined,  reference  should  be  made  to  the 
directions  given  by  the  Boiler  Test  Committee  of  the  Society, 
Code  of  1899.     (See  VoL  XXL,  p.  34) 

In  tests  made  for  scientific  research,  and  in  those  made  on 
special  forms  of  engines,  the  line  of  procedure  must  be  varied 
according  to  the  special  objects  in  view,  and  it  has  been 
deemed  unnecessary  to  go  into  particulars  applying  to  such 
tests. 

In  testing  steam  pumping  engines  and  locomotives  in  accord- 
ance with  the  standard  methods  of  conducting  such  tests,  rec- 
ommended by  the  committees  of  the  Society,  reference  should 
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Fig.  136.— CravES  Showinq  British  Tiikrmal  Units  expendkd  per  Minute 

PEIl  I.  II.  ]\  UY  THE  iDKAh  StHAM  KnciNK    FOUMIN(j  Paut  <>F  THK  HanKINK 

Cycle.     (From  the  Miuutt-sof  Proceeding's  of  tlic  Civil  Engineers  of  London.) 
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Temperatures  are  expressed  in  degrees  Fahrenheit. 

The  upper  and  lower  portions  of  the  upper  diagram  are  to  different  scales  ;  this 
is  in  order  that  the  lower  and  more  important  part  may  be  read  more  easily,  and 
accounts  for  tlie  cusps  in  the  curves. 

49 


7(32      REPORT   OF    COMMITTEE    ON   STANDARDIZING  ENGINE  TESTS. 

be  made  to  the  reports  of  those  committees  in  tbe  Transactions, 
Vohune  XII.,  p.  530,  and  in  Volume  XIV.,  p.  1312. 

XXVI.  IlEroRt  OF  Test.— The  data  and  results  of  the  test 
should  be  reported  in  the  manner  and  in  the  order  outlined  in 
one  of  the  following  tables,  the  first  of  which  gives,  it  is  hoped, 
a  complete  summary  of  all  the  data  and  results  as  applied  not 
only  to  the  standard  heat-unit  test,  but  also  to  tests  of  com- 
bined engine  and  boiler  for  determining  all  questions  of  per- 
formance, whatever  the  class  of  service ;  the  second  refers 
to  a  short  form  of  report  giving  the  necessary  data  and  results 
for  the  standard  heat  test ;  and  the  third  to  a  short  form  of 
report  for  a  feed-water  test.  It  is  the  intention  that  the  tables 
should  be  full  enough  to  apj)ly  to  any  type  of  engine,  but  where 
not  so,  or  where  special  data  and  results  are  determined,  addi- 
tional results  may  be  inserted  under  the  appropriate  headings. 
Although  these  forms  are  arranged  so  as  to  be  used  for  express- 
ing the  principal  data  and  results  of  tests  of  pumping  engines 
and  locomotives,  as  well  as  for  all  other  classes  of  steam  engines, 
it  is  not  the  intention  that  they  shall  supplant  the  forms  rec- 
ommended by  the  committees  on  Duty  Trials  and  Locomotives, 
in  cases  where  the  full  report  of  a  test  of  such  engines  is  desired. 

It  is  recommended  that  any  report  be  supplemented  by  a 
chart  in  which  the  data  of  the  test  is  graphically  presented. 
(As  an  example  of  such  a  chart  as  applied  to  a  boiler  test,  see 
Volume  XXI.,  p.  104) 


TABLE  InTo.  1. 
Data  and  Results  of  Steam-Engine  Test. 

Arranged  according-  to  the  Complete  Form  advised  by  tlie  Engine  Test  Com- 
mittee of  the  American  Society  of  Mechanical  Engineers.     Code  of  1902. 


1.  Made  by of. 

on  engine  located  at 

to  determine 


2.  Date  of  trial 

3.  Type  of  engine  (simple,  compound,  or  other  multiple  expansion  ;  condensing 

or  non-condensing) 


4.  Class  of  engine  (mill,  marine,  locomotive,  pumping,  electric,  or  other). 
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5.   Ikiiit'd  jxiwcr  of  jMio^ine 

(J.   Namo  (if  builders 

7.  Nuuibcr  ami  arrm)«^eineiJt  of  ex  liiidcrs  of  eugiue  ;  liow  la^g«'d  ;  tvp(?  of  con 

denser 

8.  Type  of  valves 

9.  Tvpe  of  l>()ller 

10.  Kind    and   typ ;   of    auxiliaries    (air,    circulatin'^'-,    main,    and    feed    pumps: 

jackets,  heaters,  etc.) 

let  Cyl.  2d  Cyl.  3d  Cyl. 

11.  Dimensions  of  engine 

(a)  Single  or  double  acting 

(6)  Cylinder  dimensions  : 

Bore in. 

Stroke ft. 

Diameter  of  piston  rod in. 

Diameter  of  tail  rod , in. 

(c)  Clearance  in  per  cent,  of  volume  dis- 

placed by  piston  per  stroke  : 

Head  end 

Crank  end 

Average 

(d)  Surface  in  square  feet  (average) 

Barrel  of  cylinder 

Cylinder  lieads 

Clearance  and  ports 

Ends  of  piston 

(e)  Jacket  surfaces  or  internal  surfaces  of 

cylinder    heated    by    jackets,    in 

square  feet  : 

Barrel  of  cylinder 

Cylinder  heads 

Clearance  and  ports 

Receiver  jackets   

(/)  Ratio  of  volume  of   each  cylinder  to 

volume  of  high-pressure  cylinder. 
(g)  Horse-power   constant   for  one  pound 

mean  effective   pressure,  and   one 

revolution  per  minute 

12.  Dimensions  of  boilers  : 

(a)  Number 

(b)  Total  grate  surface sq.  ft. 

(c)  Total  water  heating  surface  (external) *' 

(d)  Total  steam  heating  surface  (external) ** 

13.  Dimensions  of  auxiliaries  : 

(a)  Air  pump 

(&)  Circulating  pump 
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(c)  Feed  pumps 

(d)  Heaters 

14.  Dimensions  of  condenser. 


15.  Size,  length,  and  number  of  turns  in  main  steam  pipe  leading  from  the  boiler 
to  the  engine 

16.  Give  description  of  main  features  of  plant,  and  illustrate  with  drawings  to 
be  given  on  an  appended  sheet. 

Total  Quantities,  Time,  Etc. 

17.  Duration  of  test hours 

18.  Length  of  time  engine  was  in  motion  with  throttle  open " 

19.  Length  of  time  engine  was  running  at  normal  speed " 

20.  Water  fed  to  boilers  from  main  source  of  supply lbs. 

21.  Water  fed  from  auxiliary  supplies  :  lbs. 

(«0  

(b)   

(c)    

22.  Total  water  fed  to  boilers  from  all  sources " 

23.  Moisture  in  steam  or  superheating  near  throttle per  cent,  or  deg. 

24.  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

25.  Total  dry  steam  consumed  for  all  purposes  * lbs. 

26.  Total  coal  as  fired  f 

27.  Moisture  in  coal per  cent. 

Q     I    28.  Total  dry  coal  consumed lbs. 

29.  Ash  and  refuse " 

30.  Percentage  .of  ash  and  refuse  to  dry  coal per  cent. 

31.  Calorific  value  of  coal  by  calorimeter  test  per  pound  of  dry 
coal,  determined  by calorimeter B.  T.  U. 

32.  Cost  of  coal  per  ton  of  2,240  lbs . » ;  $ 

Hourly  Quantities. 

33.  Water  fed  from  main  source  of  supply lbs. 

34.  Water  fed  from  auxiliary  supplies  : 

(«)  

(6)  

(c)  

35.  Total  water  fed  to  boilers  per  hour " 

36.  Total  dry  steam  consumed  per  hour " 

37.  Loss  of  steam  and  water  per  hour  due  to  drips  from  main 
steam  pipes  and  to  leakage  of  plant " 

38.  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries. .  " 

39.  Dry  steam  consigned  per  hour  : 
ia)  Main  cylinders " 

*  In  case  of  superheated  steam  engines,  determine,  if  practicable,  the  temperature  of  the  steam 
in  each  cylinder. 

t  Where  an  independent  superheater  is  used,  this  includes  coal  burned  in  the  superheater. 
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(&)  Jackets  and  w  lioatora llis. 

(r)  Air  puin])   •• 

{d)  Clrcuhitiiiir  puin]) •• 

(e)  Food  water  ])ump *• 

{f)  Other  auxiliaries *• 

40.    Dry  eoal  eonsuinod  per  hour  : 

{(()  Dining  running  p»'rii>d •• 

(b)  During  banking  period " 

[c)  Totul " 

•11     In joction  or  circulating  water  supplied  condenser  ])cr  hour.  .  cu.   ft. 

Pressures  and  Temperatures  (Corrected). 

43.  Steam  pressure  at  holler  hv  gauge Ihs.  prr  sc].  in. 

43.  Steam  pipe  pressure  near  throttle,  by  gauge " 

44.  Barometric  pressure  of  atmosphere  in  inches  of  mercury ins. 

45.  Pressure  in  first  receiver  by  gauge lbs.  per  sq.  in. 

46.  Pressure  in  second  receiver  by  gauge " 

47.  Vacuum  in  condenser  : 

{a)  In  inches  of  mercury. ins. 

(6)  Corresponding  total  pressure lbs.  per  sq.  in. 

48.  Pressure  in  steam  jacket  by  gauge lbs.  per  sq.  in. 

40.  Pressure  in  reheater  by  gauge '  " 

50.  Moisture  in  steam  or  superheating  at  boilers p.  c.  or  deg.  F. 

51.  Superheating  of  steam  in  first  receiver deg.  Fahr. 

52.  Superheating  of  steam  in  second  receiver " 

53.  Temperature  of  main  supply  of  feed  water  to  boilers " 

54.  Temperature  of  auxiliary  supplies  of  feed  water : 

(«) .' 

(&)  ^ 

(c) 

55.  Ideal  feed-water  temperature  corresponding  to  the  pressure  of 

the  steam  in  the  exhaust  pipe,  allowance  being  made  for 

heat  derived  from  jacket  or  reheater  drips " 

56.  Temperature  of  injection  or  circulating  water  entering  con- 

denser    ** 

57.  Temperature  of  injection  or  circulating  water  leaving  condenser 

58.  Temperature  of  chimney  gases  entering  economizer '* 

59.  Temperature  of  chimney  gases  leaving  economizer '* 

60.  Temperature  of  water  entering  economizer ** 

61.  Temperature  of  water  leaving  economizer " 

^,,62.  Temperature  of  air  in  boiler  room *' 

63.  Temperature  of  air  in  engine  room '* 

Data  Relating  to  Heat  Measurements. 

64.  Heat  units  per  pound  of  feed  water,  main  supply B.  T.  U. 

65.  Heat  units  per  pound  of  feed  water,  auxiliary  supply 

{a) 

(&) 

(c) 
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60.  Iloat  iinitH  consumod  por  hour,  main  supply B,  T.  U. 

67.  Ilojit  units  consumod  per  lioiir,  auxiliary  supplies: 

i") 

(^) 

(«) 

68.  Total  lioat  units  consumed  per  hour  for  all  purposes , 

69.  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc.    . . . 

70.  Ileat  units  consumed  per  hour  : 

(a)  By  engine  alone 

(b)  By  auxiliai-ics 

71.  Heat  units  consumed  per  hour  by  the  engine  alone,  reckoned 

from  temperature  given  in  line  55 


Indicator  Diagrams. 

1st  Cyl.  2d  Cyl.  3d  Cyl. 

72.  Commercial  cut-off  in  per  cent,  of  stroke. .  . . 

73.  Initial  pressure  in  lbs.  per  sq.  in.  above  at-^ 

mosphere 

74.  Back-pressure  at  mid-stroke  above  or  below 

atmosphere  in  lbs.  per  sq.  in 

75.  Mean  effective  pressure  in  lbs.  per.  sq.  in. . . 

76.  Equivalent   mean   effective  pressure  in  lbs. 

per  sq.  in. : 

(a)  Referred  to  first  cylinder 

(b)  Referred  to  second  cylinder 

(c)  Referred  to  third  cylinder 

77.  Pressures  and  percentages  used  in  computing 

the  steam  accounted  for  by  the  indicator 
diagrams,  measured  to  points  on  the  ex- 
pansion and  compression  curves. 
Pressure  above  zero  in  lbs.  per  sq.  in.: 

(a)  Near  cut-off o 

(b)  Near  release 

{c)  Near  beginning  of  compression 

Percentage  of  stroke  at  points  where  pres- 
sures are  measured  : 

(a)  Near  cut-off 

(&)  Near  release 

(c)  Near  beginning  of  compression 

78.  Aggregate  M.  E.  P.  in  lbs.  per  sq.  in.  referred 

to  each  cylinder  given  in  heading 

79.  Mean  back-pressure  above  zero,  lbs.  per  sq.  in. 

80.  Steam  accounted  for  in    lbs.   per  indicated 

horse -power  per  hour  : 

(a)  Near  cut-off 

(&)  Near  release 

81 .  Ratio  of  Expa  nsion 

82.  Mean  effective  pressure  of  ideal  diagram  lbs.  per  sq.  in. 

83.  Diagram  factor per  centJ 


^ 
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Speed. 

84.  Hovolutlons  per  niimito 

8").  Piston  sju't'tl  por  mimito   

86.  Varijitiou  of  spord  hctw'tHMi  no  load  and  full  load    

87.  Fluctuation  of  speed  on  suddenly  cbans;in<j:  from  full   load  to 

no  load,  measured  by  the  increase  in    the  revolutions  due 
to  the  chan;re 


rev. 

ft. 

rev. 


89. 


Poioer. 

Indicated  liorse-power  developed  by  main-engine  cylinders  : 

First  cylinder 

Second  cylinder 

Third  cylinder 

Total 

Brake  H.  P.,  electric  H.  P.,  pump  11.  P.,  or  dynamo  II.  P., 


according  to  the  class  of  engine. 


90.  Friction  I.  II.  P.  by  diagrams,  no  load  on  engine,  computed 

for  average  speed 

91.  Difference  between  indicated  H.  P.  and  brake  H.  P 

92.  Percentage  of  indicated  H.  P.  of  main  engine  lost  in  friction. . 

93.  Power  developed  by  auxiliaries  : 

{a) '    

ib) 

(c) 


II.  P. 


per  cent. 
II.  P. 


Standard  Efficiency  Results. 

94.  Heat  units  consumed  by  engine  and  auxiliaries  per  hour  : 

(a)  Per  indicated  liorse-power B.  T.  U. 

(&)  Per  brake  norse-power " 

95.  Equivalent  standard  coal  consumed  by  engine  and  auxiliaries 

per    hour,    assuming   calorific    value    sucli    that    10,000 

B.  T.  U.  are  imparted  to  the  boiler  per  lb. : 

{a)  Per  indicated  hoise-power lbs. 

{h)  Per  brake  horse-power ** 

96.  Heat  units  consumed  per  minute  : 

{a)  Per  indicated  horse-power B.  T.  U. 

(6)  Per  brake  horse-power '* 

97.  Heat  units  consumed   by  engine  per  hour  corresponding  to 

ideal  maximum  temperature  of  feed  water  given  in  line  55, 

British  standard  : 

{a)  Per  indicated  horse  power ** 

(6)  Per  brake  horse-power " 


Efficiency  Ratios. 

98.  Thermal  efficiency  ratio  : 

{a)  Per  indicated  horse-power 

(&)  Per  brake  horse-power 

(c)  Ratio  of  efficiency  of  engine  to  that  of  an  ideal  engine 
yvorking  with  the  Rankine  cycle 


per  cent. 


w^ 
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Miscellaneous  EJfidfincy  Results* 

99.  Dry  stoam  consumed  per  indicated  II.  P.  per  hour 

(«)  JNIain  cylinder,  including  jackets   lbs. 

(&)  Auxiliary  cylinders,  etc " 

{c)  Eng-ine  and  auxiliaries '* 

100.  Dry  steam  consumed  per  brake  II.  P.  per  hour  : 

{a)  Main  cylinders,  including  jackets lbs. 

{h)  Auxiliary  cylinders,  etc " 

(c)  Engine  and  auxiliaries   " 

101.  Percentage  of  steam  used  by  main-engine  cylinders  accounted 

for  by  indicator  diagrams  : 

1st  Cyl.  2d  Cyl.  3(1  Cyl. 

{a)  Near  cut-off 

(J))  Near  release 

103.  Dry  coal  consumed  by  combined  engine  and  boiler  plant  per 

I.  H.  P.  per  hour  : 

(a)  During  running  period lbs. 

(6)  During  banking  period '* 

(c)  Total 

103.  Dry  coal  consumed  by  combined  engine  and  boiler  plant  per 
brake  H.  P.  per  hour  : 

/^\  (a)  During  running  period " 

(&)  During  banking  period " 

(c)  Total 

104.  Water  evaporated  under  actual  conditions  per  pound  of  dry 
coal lbs. 

105.  Equivalent  evaporation  from  and  at  212  degrees  Fahr.  per 
pound  of  dry  coal " 

106.  Efficiency  of  boilers  based  on  dry  coal per  cent. 

107.  Combined  efficiency  of  boiler  and  engine  plant " 

Additional   Calculations    Recommended  for  Special  Classes  of  Steam  Engines. 

Water-pumping  Engines. 

108.  Duty  per  1,000,000  heat  units  imparted  to  the  boiler ft.  lbs. 

109.  Duty  per  1,000  pounds  of  dry  steam " 

110.  Duty  per  100  pounds  of  actual  coal  consumed  by  plant " 

111.  Number  of  gallons  of  water  pumped  in  24  hours gals. 

Locomotives. 

112.  Dynamometric  horse-power  H.  P. 

113.  "Standard  Coal"  of  10,000  B.  T.  U.  value   consumed,  per 
dynamometric  H.  P.  per  hour lbs. 

Electric-light  Engines  and  those  Driving  Generators  for 
Electric  Railways. 

114.  Current amperes 

115.  Electro  motive  force volts 

*  Tlie  horse-power  on  which  the  above  efficieucy  results  (items  94  to  103)  are  based  is  that 
of  the  main  engine,  exchisive  of  auxiliaries. 
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1 16.  Eloctricnl  power  pfonorntod  in  watts watts 

117.  Klcctrical  horse-i)()wor  g'oneruted II.  p. 

lis.  EirKMciu'v  of  fr<'nonit()r percent. 

119.  Hoat  units  consiiniod  per  electrical  liorse  power  per  hour.  ...  B.  T.  U. 

120.  Dry  steam  consumed  per  eh'ciriciil  liorse  power  per  hour.  .  . .  1I>h. 

121.  Dry  coal  consumed  per  electrical  horse  power  per  hour  : 

(a)  Durini^  ruunini]:  period Ibg. 

(&)  During  banking  period «♦ 

,  (r)  Total 

Additional  Data. 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relatmg 
to  the  s])erial  class  of  service  for  which  the  engine  is  used.  Also  give  copies  of 
indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 

TABLE  No.   2. 
Data  and  Eesults  of  Standard  Heat  Test  of  Steam  Engine. 

Arranged  according  to  the  Short  Form   advised  by  the  Engine  Test  Committee 
of  the  American  Society  of  Mechanical  Engineers.     Code  of  1902. 


Made  by of . 

on  engine  located  at 

to  determine 


o 

Date  of  trial   . 
Type  and  class 

8 

of 

engine  ; 

;  also 

of  condenser 

Dimensions  of  main  engine 

(a)  Diameter  of  cylinder in. 

(b)  Stroke  of  piston ft. 

(c)  Diameter  of  piston  rod in. 

(d)  Average  clearance p.  c. 

(e)  Ratio  of  volume  of  cylinder  to  high- 

pressure  cylinder 

(/)  Horse-power  constant  for  one  pound 
mean  effective  pressure  and  one  rev- 
olution per  minute 

Dimensions  and  type  of  auxiliaries 


IstCyl.         2dCyl.         3(1  Cyl. 


Total  Quantities,  Time,  Etc. 

6.  Duration  of  test .'....         hours 

7.  Total  water  fed  to  boilers  from  main  source  of  supply lbs. 

8.  Total  water  fed  from  auxiliary  supplies  : 

{a)  X 

(6)  

(c)  


«l\ 
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9.  Total  water  fed  to  boilers  from  all  sources lbs. 

10.  ]\Ioisture  iu  steam  or  superheating  uear  throttle p.  c.  or  deg. 

11.  Factor  of  correction  for  quality  of  steam 

12.  Total  dry  steam  consumed  for  all  purposes .'...  o ,,,... .  lbs. 

Hourly  Quantities. 

13.  Water  fed  from  main  source  of  supply ,,.,  ** 

14.  Water  fed  from  auxiliary  supplies  : 

(«)  « 

Q>)  '••' 

ic)  ».. 

15.  Total  water  fed  to  boilers  per  hour , , 

16.  Total  dry  steam  consumed  per  hour 

17.  Loss  of  steam  and  water  per  hour  due  to  drips  from  main 

steam  pipes  and  to  leakage  of  plant 

18.  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries. , 

Pressures  and  Temperatures  {Corrected). 

19.  Pressure  in  steam  pipe  near  throttle  by  gauge lbs.  per  sq.  in.J 

20.  Barometric  pressure  of  atmosphere  in  inches  of  mercury ins. 

21.  Pressure  in  receivers  by  gauge , .    . , lbs.  per  sq.  in.j 

22.  Vacuum  in  condenser  in  inches  of  mercury. . . . .  » . » ins. 

23.  Pressure  in  jackets  and  re-heaters  by  gauge. lbs.  per  sq.  in.] 

24.  Temperature  of  main  supply  of  feed  water o . . . .         deg.  Fahr| 

25.  Temperature  of  auxiliary  supplies  of  feed  water  : 

(«)  -' •• = 

(&) 

(c) 

26.  Ideal  feed-water    temperature  corresponding  to  pressure  of 

steam  in  the  exbaust  pipe,  allowance  being  made  for  heat 

derived  from  jacket  or  relieater  drips o » " 

Data  Relating  to  Heat  Measurement. 

27.  Heat  units  per  pound  of  feed  water,  main  supply  B.  T.  U. 

28.  Heat  units  per  pound  of  feed  water,  auxiliary  supplies : 

(«)  ' 

(&) 

ic) ^ 

29.  Heat  units  consumed  per  bour,  main  supply " 

30.  Heat  units  consumed  per  hour,  auxiliary  supplies  : 

{a) 

(&)  '••-••• 

(c)  

31.  Total  heat  units  consumed  per  hour  for  all  purposes ** 

32.  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc. .....  ** 

33.  Net  heat  units  consumed  per  hour  : 

{a)  By  engine  alone » 

(&)  By  auxiliaries 

34.  Heat  units  consumed  per  hour  by  engine  alone,  reckoned  from 
,         temperature  given  in  line  26 
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Iml trudii'   ni(i(jr(i ins. 

iHl Cyl.  2d  Cyl.  3(1  Tyl. 

3.">.   CoiiHMcicinl  cut olT  in  per  cent,  of  sirokr.  .  .  . 

oC).   Initial    pressure   in   pounds   p(>r  s(]Uiir('  inch 

above  alinosplien* 

8r.    Iiaci<  pressure  at  mid -stroke,  above  or  b(do\v 

atniosph(M"o  in  pounds  per  s(piare  inch .... 
;{8.   Mean  efTectivo  pressure  in  lbs.  per  s<|.  in.  .  .  . 
;{J).   iMjuivah^it  mean   oifective  pressure  in   lbs, 
l)er  sq.  in. : 

{(i)  IJeferrod  to  first  cyliudor  

(6)  deferred  to  second  cvlindor 

(c)   Referred  to  tliird  cylinder 

40.  Pressures  and  percentages  used  in  comput- 

ing the  ste;im  accounted   for  by  the  iiidi-  , 

cater  diagrams,  measured  to  points  on  the 

expansion  and  compression  curves 

Pressure  above  zero  in  lbs.  per  sq.  in. : 

{a)  Near  cut-oflE 

(&)  Near  release  

(c)    Near  beginning  of  compression     

Percentage  of  stroke  at  points  wliere  press- 
ures are  measurt  d  : 

{a)  Near  cut-off  

(b)  Near  release 

{c)   Near  beginning  of  compression 

41.  Steam  accounted  for  by  indicator  in  pounds 

per  I.  n.  P.  per  hour  : 

{a)  Near  cut-ofE 

(b)  Near  release 

42.  Ratio  of  expansion 

Speed. 

43.  Revolutions  per  minute rev. 

Power. 

44.  Indicated  horse-power  developed  by  main-engine  cylinders  : 

First  cylinder H.  P. 

Second  cylinder " 

Third  cylinder '* 

Total 

45.  Brake  horse-power  developed  by  engine '* 

Standard  Efficiency  and  other  licfiuUs.* 
4G.  Heat  units  consumed  by  engine  and  auxiliaries  per  hour  : 

(«)  per  indicated  horse-power B.  T.  U. 

(6)  per  brake  horse-power " 

47.  Equiv^alent  standard  coal  in  lbs.  per  hour  : 

(a)  per  indicated  horse-power  lbs. 

(6)  per  brake  horse-power *♦ 

*The  horse-power  referred  to  above  (items  46-50)  is  that  of  the  main  engine,  exclusive  of 
auxiliaries. 
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48.  Heat  units  consumed  by  main  eng-ine  per  liour  corresponding  to 

ideal  maximum  temperature  of  feed  water  given  in  line  26, 

British  standard  : 

(a)  per  indicated  horse-power B.  T.  U, 

(&)  per  brake  horse-power " 

49.  Dry  steam  consumed  ])er  indicated  horse-power  per  hour  : 

(«)  Main  cylinders  including  jackets »  lbs. 

{b)  Auxiliary  cylinders ** 

(c)  Engine  and  auxiliaries " 

50.  Dry  steam  consumed  per  brake  horse-power  per  hour  : 

(a)  Main  cylinders  including  jackets 

(&)  Auxiliary  cylinders " 

(c)  Engine  and  auxiliaries " 

51.  Percentage  of  steam  used  by  main-engine  cylinders  accounted 

for  by  indicator  diagrams,   near  cut-off   of   high-pressure 

cylinder per  cent. 

Additional  Data. 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  used.  Also  give  copies 
of  indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 


TABLE  No.  3. 
Data  and  Kesults  of  Feed-water  Test  of  Steam  Ej>gine. 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee  of 
the  American  Society  of  Mechanical  Engineers.     Code  of  1902. 


I 


1.  Made  by , of. 

on  engine  located  at 

to  determine 


2.  Date  of  trial 

3.  Type  of  engine  (simple,  compound,  or  other  multiple  expansion;  condensing 

or  non-condensing) 

4.  Class  of  engine  (mill,  marine,  locomotive,  pumping,  electric,  or  other) 

5.  Rated  power  of  engine =  . . . 

6.  Name  of  builders 

7.  Number  and  arrangement  of  cylinders  of  engine  ;  how  lagged  ;  type  of  valves 

and  of  condensers 


8.  Dimensions  of  engine 

(a)  Single  or  double  acting 

(6)  Cylinder  dimensions  : 

Bore .* in. 

Stroke   ft. 

Diameter  of  piston  rod in. 

Diameter  of  tail  rod in 


l6t  Cyl.         2d  Cyl.         3d  Cyl. 
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l8t  Cyl.  2d  Cyl.  M  Cyl. 

(<•)  Cleiiranco  in  ]>or  coiit.  of  volume  dls- 
])la('i'tl  by  piston  pt'i*  stroke: 

Head  end 

Crank  end 

AvcratTO 

((/)  Ratio  of   volume  of  each   cvlinder  to 

volume  of  hi^li-pressuie  cylinder. . .  . 
{e)  Horse-power   constant  for  one    pound 
mean   effective    pressure,    and   one 
revolution  per  minute 

Total  Quantities,  Time,  Etc. 

9.  Duration  of  test hours 

10.  Water  fed  to  boilers  from  main  source  of  supply lbs. 

11.  Water  fed  from  auxiliary  su]>plies  : 

(«) * 

iP)  

(0  

V2.  Total  water  fed  from  all  sources ** 

13.  Moisture  in  steam  or  superheating  near  throttle  * p.  c.  or  deg. 

14.  Factor  of  correction  for  quality  of  steam 

15.  Total  diy  steam  consumed  for  all  purposes lbs. 

Hourly  Quantities. 

16.  Water  fed  from  main  source  of  supply lbs. 

17.  Water  fed  from  auxiliary  supplies  : 

{a)  

(&)  

(c)   

18.  Total  water  fed  to  boilers  per  hour 

19.  Total  dry  steam  consumed  per  hour 

30.  Loss  of  steam  and  water  per  hour  due  to  leakage  of  plant, 

drips,  etc 

21.  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries. . 

22.  Dry  steam  consumed  per  hour  : 

(a)  Main  cylinders 

{J))  Jackets  and  reheaters 


Pressures  and  Temperatures  {Corrected). 

23.  Steam  pipe  pressure  near  throttle,  by  gauge lbs.  per  sq.  in. 

24.  Barometric  pressure  of  atmosphere  in  inches  of  mercury ins. 

25.  Pressure  in  fir.st  receiver  by  gauge lbs.  per  sq.  in. 

26.  Pressure  in  second  receiver  by  gauge " 

*  In  case  of  superheated  steam  engines,  determine,  if  practicable,  the  temperature  of  the  steam 
in  each  cylinder. 
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27.  Vacuum  in  condenser  : 

(a)  In  inches  of  mercury ins. 

(b)  CorreK])onding  total  pressure lbs.  per  sq.  in 

28.  Pressure  in  steam  jackets  by  gauge lbs.  per  sq.  in. 

29.  Pressure  in  relieater  by  gauge " 

30.  Superheating  of  steam  in  first  receiver deg.  Fahr. 

31.  Superheating  of  steam  in  second  receiver " 

Indicator  Diagrams. 

Ist  Cyl.  2d  Cyl.  3d  C.vl. 

32.  Commercial  cut-off  in  per  cent,  of  stroke. . . . 

33.  Initial  pressure  in  lbs.  per  sq.  in.  above  at- 

mosphere  

34.  Back-pressure  at  mid-stroke  above  or  below 

atmosphere  in  Ib:^.  per  sq.  in 

35.  Mean  effective  pressure  in  lbs.  x)er  sq.  in. . . . 

36.  Equivalent  mean  effective  pressure  in  lbs.  per 

sq.  in.  per  indicated  H.  P 

(a)  Referred  to  first  cylinder. 
(&)  Referred  to  second  cylinder, 
(c)  Referred  to  third  cylinder. 

37.  Pressures  and  percentages  used  in  computing 

the  steam  accounted  for  by  the  indicator 
diagrams,  measured  to  points  on  the  ex- 
pansion and  compression  curves 

Pressures  above  zero  in  lbs.  per  sq.  in.: 

{a)  Near  cut-off  ....    

(6)  Near  release 

(c)  Near  beginning  of  compression 

Percentage  of  stroke  at  points  where  pres- 
sures are  measured  : 

{a)  Near  cut-off 

(Z>)  Near  release 

(c)  Near  beginning  of  compression 

38.  AggregatoM.  E.  P.  in  lbs.  per  sq.  in.  referred 

to  each  cylinder  given  in  heading 

39.  Mean   back-pressure   above    zero,    lbs.    per 

sq.  in 

40.  Steam    accounted   for  in   lbs.  per   indicated 

horse-power  per  hour  : 

{a)  Near  cut-off 

(6)  Near  release 

41.  Ratio  of  expansion  : 

(rt)  Commercial , 

(b)  Ideal , 

Speed. 

42.  Revolutions  per  minute Ter. 

43.  Piston  speed  per  minute  ft. 
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44.  Indiciittvl  liorse- power  dcvelojXMl  by  main  cngiiu'  cylinders  : 

First  cylindtM- II.  P. 

Second  cylinder . .  '♦ 

Third  cylinder .  ** 

Total «♦ 

Efficiency  UesulU. 

45.  Dry  steam  consumed  j^er  indicated  II.  P.  per  hour  : 

(a)  Main  cylinder,  including  jackets lbs. 

(&)  Auxiliary  cylinders,  etc   " 

(r)  Eui^ine  and  auxiliaries   '* 

46.  Percentage  of  steam  used  by  main. engine  cylinders  account- 

ed for  bv  indicator  diagrams  : 

IstCyl.  2dCyl.  3d  Cyl. 

(^)  Near  cut-off 

(&)  Near  release 

Sample  Diagrams. 

Copit'S  of  indicator  diagrams,  nearest  the  mean,  with  corresponding  scales, 
should  be  given  in  connection  with  table. 


KULES  FOE  CONDUCTING  TESTS  OF  GAS  AND   OIL 
ENGINES.'"    CODE   OF   1901. 

I.  Objects  of  the  Tests.— At  tlie  outset  the  specific  object 
of  the  test  shoukl  be  ascertained,  Avhether  it  be  to  determine 
the  fulfilment  of  a  contract  guarantee,  to  ascertain  the  highest 
economy  obtainable,  to  find  the  working  economy  and  the  de- 
fects as  they  exist,  to  ascertain  the  performance  under  special 
conditions,  or  to  determine  the  effect  of  changes  in  the  condi- 
tions ;  and  the  test  should  be  arranged  accordingly. 

Mucli  depends  upon  tlie  local  conditions  as  to  wliat  preparations 
should  be  made  for  a  test,  and  this  must  be  determined  largely  by  the 
good  sense,  tact,  judgment,  and  ingenuity  of  the  expert  undertaking  it, 
keeping  in  mind  the  main  issue,  wliicli  is  to  obtain  accurate  and  reli- 
able data.  In  deciding  questions  of  contract,  a  clear  understanding  in 
regard  to  the  methods  of  test  should  be  agreed  upon  beforehand  with 
all  parties,  unless  these  are  distinctly  provided  for  in  the  contract. 

II.  General  Condition  of  the  Engine. — Examine  the  engine, 
and  make  notes  of  its  general  condition,  and  any  points  of  de- 
sign, construction,  or  operation  which  bear  on  the  objects  in 

*  Hot-air  engines  are  not  included  ia  this  code,  those  in  the  market  being  of  comparatively 
Fmall  size,  and  seldom  tested. 
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view.  Make  a  special  examination  of  all  the  valves  by  inspect- 
ing the  seats  and  bearing  surfaces,  and  note  their  condition,  and 
see  if  the  piston  rings  are  gas-tight. 

If  the  trial  is  made  to  determine  the  highest  efficiency,  and 
the  examination  shows  evidence  of  leakage,  the  valves  and  pis- 
ton rings,  etc.,  should  be  made  tight,  and  all  parts  of  the  engine 
put  in  the  best  possible  working  condition  before  starting  on 
the  test. 

III.  Dimensions,  Etc. — Take  the  dimensions  of  the  cylinder, 
or  cylinders,  whether  already  known  or  not;  this  should  be 
done  when  they  are  hot,  and  in  working  order.  If  they  are 
slightly  worn,  the  average  diameter  should  be  determined. 
Measure,  also,  the  compression  space  or  clearance  volume, 
which  should  be  done,  if  practicable,  by  filling  the  spaces  with 
water  previously  measured,  the  proper  correction  being  made 
for  the  temperature.     (Sse  Section  III.,  Steam  Engine  Code.) 

IV.  Fuel. — Decide  upon  the  gas  or  oil  to  be  used,  and  if  the 
trial  is  to  be  made  for  maximum  efficiency,  the  fuel  should  be 
the  best  of  its  class  that  can  readily  be  obtained,  or  one  that 
shows  the  highest  calorific  power.  (See  Section  lY.,  Steam 
Engine  Code.) 

Y. — Calibration  of  Instruments  Used  in  the  Tests.^AII 
instruments  and  apparatus  should  be  calibrated  and  their  relia- 
bility and  accuracy  verified  by  comparison  with  recognized 
standards.  Apparatus  liable  to  change  or  to  become  broken 
during  the  tests,  such  as  gauges,  indicator  springs,  and  ther- 
mometers, should  be  calibrated  both  before  and  after  the  ex- 
periments. The  accuracy  of  all  scales  should  be  verified  by 
standard  weights.  In  the  case  of  gas  or  water  meters,  special 
attention  should  be  given  to  their  calibration,  both  before  and 
after  the  trial,  and  at  the  same  rate  of  flow  and  pressure  as 
exists  during  the  trial. 

(a)  Gauges. — (See  Section  V.,  Steam  Engine  Code.) 

(b)  Thermometers.  —(See  Section  V.,  Steam  Engine  Code.) 

(c)  Indicator  Springs.— The  indicator  springs  should  be  calibrated 
witli  the  indicator  in  as  nearly  as  possible  the  same  condition  as  to 
temperature  as  exists  during  the  trial.  This  tem|)erature  can  usually 
be  estimated  in  any  particular  case.  A  simple  way  of  heating  the  indi- 
cator is  to  subject  it  to  a  steam  pressure  just  before  calibration.  Com- 
pressed air,  or  compressed  carbonic  acid  gas,  are  suitable  for  the  actual 
work  of  calibration.  These  gases  should  be  used  in  preference  to 
steam,  so  as  to  bring  the  conditions  as  near  as  possible  to  those  which 
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obtain  whou  tlu^  indicators  nrc  in  actiKil  use.  When  coniprosHcd  cnr- 
bonic  uciil  gas  is  used,  and  trouble  arises  from  tbt;  <'Ioj^ging  of  tbo 
escape  valves  with  ice,  the  pipe  between  the  valve  and  pis  tank  should 
beheat<'d.  AVith  both  air  and  carbonic  acid,  tlie  pipes  leadinj,'-  to  the  in- 
dicator should  also  bo  heated  if  it  is  found  thai  tliey  are  below  the  rc;- 
(piired  temperature.  The  springs  may  be  calibrated  for  this  class  of 
engines  under  a  constant  pressur<\  if  desired,  and  the  most  satisfactorv 
method  is  to  cover  the  whole  range  of  ])ressure  through  which  tin- 
indicator  acts  ;  fust,  by  gradually  increasing  it  from  th(»  lowest  to  the 
highest  point,  and  then  gradually  reducing  it  from  tho  highest  to  the 
lowest  point,  in  the  manner  which  lias  heretofore  V)een  widely  followed 
by  indicator  makers  ;  a  mean  of  the  results  should  be  taken.  The 
calibration  should  be  made  for  at  least  five  points,  two  of  these  being 
for  the  pressures  corresponding  to  the  maximum  and  minimum  ])res- 
sures,  and  three  for  intermediate  points  equally  distant. 

The  standard  of  comparison  recommended  is  the  dead  weight  testing 
apparatus,  a  mercury  column,  or  a  steam  gauge,  which  has  been  proved 
correct  by  reference  to  either  of  these  standards. 

The  correct  scale  of  spring  to  be  used  for  working  out  the  mean  ef- 
fective pressure  of  the  diagrams  is  the  av^erage  based  on  this  calibra- 
tion, ascertained  in  the  manner  pointed  out  in  Section  XIV.,  Steam 
Engine  Code. 

(d)  Gas  Metkrs. — A  meter  used  for  measuring  gas  for  a  gas  engine 
should  be  calibrated  by  referring  its  readings  to  the  displacement  of 
a  gasometer  of  known  volume,  by  comparing  it  with  a  standard  gas 
meter  of  known  error,  or  by  passing  air  through  the  meter  from  a  tank 
in  which  air  under  pressure  is  stored.  If  the  latter  method  is  adopted, 
it  is  necessary  to  observe  the  pressure  of  the  air  in  the  tank  and  its 
temperature,  both  at  the  tank  and  at  the  meter,  and  tlris  should  be  done 
at  uniform  intervals  during  the  progress  of  the  calibration.  The 
amf)unt  of  air  passing  through  the  meter  is  computed  from  the  volume 
of  the  tank  and  the  observed  temperatures  and  pressures. 

The  volume  of  the  gas  thus  ascertained  should  be  reduced  to  the 
equivalent  at  a  given  temperature  and  atmospheric  pressure,  corrected 
for  the  effect  of  moisture  in  the  gas,  which  is  ordinarily  at  the  satura- 
ticMi  point  or  nearly  so.  We  recommend  that  a  standard  be  adopted  for 
gas-engine  work,  the  same  as  that  used  in  photometry,  namely,  the 
*^quivalent  volume  of  the  gas  when  saturated  with  moisture  at  the 
normal  atmospheric  pressure  at  a  temperature  of  60  degrees  Fahr. 
In  wrder  to  reduce  the  reading  of  the  volume  containing  moist  gas  at 
any  other  temperature  to  this  standard,  multiply  by  the  factor 

459.4 -f  60     ^  -  (29.92 -s) 


459.4  +  t  29.4 

in  which  h  is  the  height  of  the  barometer  in  inches  at  32  degrees  Fahr., 
<the  temperature  of  the  gas  at  the  meter  in  degrees  Fahr.,  and  s  the 
vacuum  in  inches  of  mercury  corresponding  to  the  temperature  of  t 
obtained  from  steam  tables. 

For  calibrating  water  meters  refer  to  Section  V,,  Steam  Engine  Code. 
50 
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VI.  Duration  of  Test. — The  duration  of  a  test  should  depend 
lar^^ely  upon  its  character  and  tlie  objects  in  view  and  in  any  case 
the  test  shoukl  be  continued  until  the  successive  readings  of  the 
rates  at  which  oil  or  gas  is  consumed,  taken  at  say  half-hourly 
intervals,  become  uniform  and  thus  verify  each  other.  If  the 
object  is  to  determine  the  working  economy,  and  the  period  of 
time  during  which  the  engine  is  usually  in  motion  is  some  part 
of  twenty-four  hours,  the  duration  of  the  test  should  be  fixed  for 
this  number  of  hours.  If  the  engine  is  one  using  coal  for  gener- 
ating gas,  the  test  should  cover  a  long  enough  period  to  determine 
with  accuracy  the  coal  used  in  the  gas  producer ;  such  a  test 
should  be  of  at  least  twenty-four  hours'  duration,  and  in  most 
cases  it  should  extend  over  several  days. 

VII.  Starting  and  Stopping  a  Test. — In  a  test  for  determin- 
ing the  maximum  economy  of  an  engine,  it  should  first  be  run  a 
sufficient  time  to  bring  all  the  conditions  to  a  normal  and 
constant  state.  Then  the  regular  observations  of  the  test 
should  begin,  and  continue  for  the  allotted  time. 

If  a  test  is  made  to  determine  the  performance  under  working 
conditions,  the  test  should  begin  as  soon  as  the  regular  prep- 
arations have  been  made  for  starting  the  engine  in  practical 
work,  and  the  measurements  should  then  commence  and  be  con- 
tinued until  the  close  of  the  period  covered  by  the  day's  work. 

VIII.  Measurement  or  Fuel. — If  the  fuel  used  is  coal  furnished 
to  a  gas  producer,  the  same  methods  apply  for  deteri^iniug  the 
consumption  as  are  used  in  steam  boiler  tests.  (See  Code  of 
Rules  for  Conducting  Boiler  Tests,  Volume  XXI.,  p.  34.) 

If  the  fuel  used  be  gas,  the  only  practical  method  of  measure- 
ment is  the  use  of  a  meter  through  which  the  gas  is  passed.  Gas 
bags  should  be  placed  between  the  meter  and  the  engine  to 
diminish  the  variations  of  pressure,  and  these  should  be  of  a 
size  proportionate  to  the  quantity  used.  Where  a  meter  is  em- 
ployed to  measure  the  air  used  by  an  engine,  a  receiver  with  a 
flexible  diaphragm  should  be  placed  between  the  engine  and  the 
meter.  The  temperature  and  pressure  of  the  gas  should  be 
measured,  as  also  the  barometric  pressure  and  temperature  of 
the  atmosphere,  and  the  quantity  of  gas  should  be  determined 
by  reference  to  the  calibration  of  the  meter,  taking  into  account 
the  temperature  and  pressure  of  the  gas.     (See  Section  V.  (rl).) 

If  the  fuel  is  oil,  this  can  be  drawn  from  a  tank  which  is  filled 
to  the  original  level  at  the  end  of  the  test,  the  amount  of  oil 
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required  for  so  doiii^-  l)eiii<;  \V(>i;^lie(l  ;  oi-,  for  ;l  sniitll  ei);^diH\  tli(3 
(^il  may  he  (lr;iwn   fioin   a  calibrated  vesscd  sueh   as   a  v(»rtical 

III  an  eii«jjiiio  usiiijj;  an  igniting  flame  the  gas  or  oil  i(Mjuir(Ml 
for  it  should  be  included  in  tliat  of  tlio  main  sn])i)ly,  l)ut  tlie 
aniouut  so  used  should  be  stated  separately,  if  possible. 

IX.  Measi'iiement  of  Heat-Units  Consumed  hy  the  Engine. — 
The  number  of  licat-units  used  is  found  by  multiplying  the 
number  of  pounds  of  coal  or  oil  or  the  cubic  feet  of  gas  con- 
sumed, by  the  total  heat  of  combustion  of  the  fuel  as  deter- 
mined by  a  calorimeter  test.  In  determining  the  total  heat  of 
combustion  no  deduction  is  made  for  the  latent  heat  of  the  water 
vapor  in  the  products  of  combustion.  There  is  a  difference  of 
opinion  on  the  propriety  of  using  this  higher  heating  value, 
and  for  purposes  of  comparison  care  must  be  taken  to  note 
whether  this  or  the  lower  value  has  been  used.  The  calorimeter 
recommended  for  determining  the  heat  of  combustion  is  the 
Mahler,  for  solid  fuels  or  oil,  or  the  Junker,  for  gases,  or  some 
form  of  calorimeter  known  to  be  equally  reliable.  (See  Poole  on 
"The  Calorific  Power  of  Fuels.") 

It  is  sometimes  desirable,  also,  to  have  a  complete  chemical 
analysis  of  the  oil  or  gas.  The  total  heat  of  combustion  may 
be  computed,  if  desired,  from  the  results  of  the  analysis,  and 
should  agree  well  with  the  calorimeter  values.  (See  Section 
XVII.,  Boiler  Test  Code.) 

In  using  the  gas  calorimeter,  wliich  involves  the  determination  of 
the  volume  instead  of  the  weight  of  the  gas,  it  is  important  that  the 
results  should  be  reduced  to  the  same  temperature  as  that  correspond- 
ing to  the  conditions  of  the  engine  trial.  The  formula  to  be  used  for 
making  the  reduction  is  that  already  given  in  Section  V.,  d. 

For  ihe  purpose  of  making  the  calorimeter  test,  if  the  fuel 
used  is  coal  for  generating  gas  in  a  producer,  or  oil,  samples 
should  be  taken  at  the  time  of  the  engine  trial,  and  carefully 
preserved  for  subsequent  determination.  If  gas  is  used,  it  is 
better  to  have  a  gas  calorimeter  on  the  spot,  samples  taken,  and 
the  calorimeter  test  made  while  the  trial  is  going  on. 

X.  Measukement  of  Jacket  Watee  to  Cylinder  or  Cylin- 
ders.— The  jacket  water  may  be  measured  by  passing  it  through 
a  water  meter  or  allowing  it  to  flow  from  a  measuring  tank 
before  entering  the  jacket,  or  by  collecting  it  in  tanks  on  its 
discharge.     If  measuring  tanks  are  used,  the  same  system  of 
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arrangement  is  recommended  as  tliat  employed  for  feed  water 
measurements  in  boiler  and  steam-engine  tests.  (See  Section 
XI.,  Steam  Engine  Code.) 

XI.  Indicated  Horse-power. ^ — The  directions  given  for  deter- 
mining the  indicated  horse- power  for  steam  engines  apply  in  all 
respects  to  internal  combustion  engines.  (See  Section  XIII., 
Steam  Engine  Code.) 

The  pipe  connections  for  indicating  gas  and  oil  engines  should  be  re- 
moved as  far  as  possible  from  the  ports  and  ignition  devices,  and 
made  preferably  in  the  cylinder  head.  The  pipes  sliould  be  as  short 
and  direct  as  possible.  Avoid  the  use  of  long  pipes,  otherwise  explo- 
sions of  the  gas  in  these  connections  may  occur. 

Ordinary  indicators  suitable  for  indicating  steam  engines  are  much 
too  lightly  constructed  for  gas  and  oil  engines.  The  pencil  mechanism, 
especially  the  pencil  arm,  needs  to  be  very  strong  to  prevent  injury  by 
the  sudden  impact  at  the  instant  of  explosion  ;  a  special  gas-engine 
indicator  is  required  for  satisfactory  work,  with  a  small  piston  and  a 
strong  spring. 

XII.  Brake  Horse-power. — The  determination  of  the  brake 
horse-power,  which  is  very  desirable,  is  the  same  for  internal 
combustion  as  for  steam  engines.  (See  directions  given  in  Sec- 
tion XV.,  Steam  Engine  Code.) 

XIII.  Speed. — The  same  directions  apply  to  internal  combus- 
tion engines  as  to  steam  engines  for  the  determination  of  speed, 
and  reference  is  made  to  Section  XVII.,  Steam  Engine  Code,  for 
suggestions  on  this  subject. 

In  an  engine  which  is  governed  by  varying  the  number  of  ex- 
plosions or  working  cycles,  a  record  should  be  kept  of  the 
number  of  explosions  per  minute  ;  or  if  the  engine  is  running 
at  nearly  maximum  load,  by  counting  the  number  of  times  the 
governor  causes  a  miss  in  the  explosions. 

One  way  of  mechanically  recording  the  explosions  is  to  attach  to  the 
exhaust  pipe  a  cylinder  and  piston  arranged  so  that  the  pressure  caused 
by  the  exhaust  gases  operates  against  a  light  spring  and  moves  a  regis- 
ter, which  is  provided  for  automatically  counting  the  number. 

XIV.  Eecording  the  Data. — The  time  of  taking  weights  and 
every  observation  should  be  recorded,  and  note  made  of  every 
event,  however  unimportant  it  may  seem  to  be.  The  pressures, 
temperatures,  meter  readings,  speeds,  and  other  measurements 
should  be  observed  every  20  or  30  minutes  when  the  conditions 
are  practically  uniform,  and  at  more  frequent  intervals  if  they 
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are  variable.  Obsorvatit)us  of  the  j^as  or  oil  measure ineuts 
slioukl  bo  taken  with  special  care  at  the  expiration  of  each  hour, 
so  as  to  divide  the  test  into  hourly  periods,  and  reveal  the  uni- 
formity, or  otherwise,  of  the  conditions  and  results  as  the  test 
goes  forward. 

All  data  and  observations  should  be  kept  on  suitably  pre- 
pared blank  sheets  or  in  notebooks. 

XV.  Uniformity  of  Conditions. — AVhen  the  ol>joct  of  the 
test  is  to  determine  the  maximum  economy,  all  the  conditions 
relating  to  the  operation  of  the  engine  should  be  maintained 
as  constant  as  possible  during  the  trial. 

XVI.  Indicator  Diagrams  and  their  Analysis. — (a)  Sample 
Diwjvams :  Sample  diagrams  nearest  to  the  mean  should  be 
selected  from  those  taken  during  the  trial  and  appended  to  the 
tables  of  the  results.  If  there  are  separate  compression  or  feed 
cylinders,  the  indicator  diagrams  from  these  should  be  taken 
and  the  power  deducted  from  that  of  the  main  cylinder. 

XVII.  Standards  of  Economy  and  Efficiency. ^The  hourly 
consumption  of  heat,  determined  as  pointed  out  in  Article  IX., 
divided  by  the  indicated  or  the  brake  horse-power,  is  the  stand- 
ard expression  of  engine  economy  recommended. 

In  making  comparisons  between  the  standard  for  internal 
combustion  engines  and  that  for  steam  engines,  it  must  be 
borne  in  mind  that  the  former  relates  to  energy  concerned  in 
the  generatioii  of  the  force  employed,  whereas  in  the  steam  en- 
gine it  does  not  relate  to  the  entire  energy  expended  during  the 
process  of  combustion  in  the  steam  boiler.  The  steam  engine 
standard  does  not  cover  the  losses  due  to  combustion,  while 
the  internal  combustion  engine  standard,  in  cases  where  a  crude 
fuel  such  as  oil  is  burned  in  the  cylinder,  does  cover  these  losses. 
To  make  a  direct  comparison  between  the  two  classes  of  engines 
considered  as  complete  plants  for  the  production  of  power,  the 
losses  in  generating  the  working  agent  must  be  taken  into  ac- 
count in  both  cases  and  the  comparison  must  be  on  the  basis  of 
the  fuel  used ;  and  not  only  this,  but  on  the  basis  of  the  same  or 
equivalent  fuel  used  in  each  case.  In  such  a  comparison  where 
producer  gas  is  used,  and  the  producer  is  included  in  the  plant, 
the  fuel  consumption,  which  will  be  the  weight  of  coal  in  both 
cases,  may  be  directly  compared. 

The  thermal  efficiency  ratio  per  indicated  horse-power  or 
per  brake  horse-power  for  internal  combustion  engines  is  ob- 
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taincd  in  the  same  manner  as  for  steam  engines  referred  to  in 
Section  XXL,  Steam  Engine  Code,  and  is  expressed  by  the  frac- 
tion 

2545 

B.  T.  U.  per  H.  P.  per  hour. 

XVIII.  Heat  Balance. — For  purposes  of  scientific  research, 
a  heat  balance  should  be  drawn  which  shows  the  manner  in 
which  the  total  heat  of  combustion  is  expended  in  the  various 
processes  concerned  in  the  working  of  the  engine.  It  may  be 
divided  into  three  parts  :  first,  the  heat  which  is  converted  into 
the  indicated  or  brake  work  ;  second,  the  heat  rejected  in  the 
cooling  water  of  the  jackets ;  and  third,  the  heat  rejected  in  the 
exhaust  gases,  together  with  that  lost  through  incomplete  com- 
bustion and  radiation. 

To  determine  the  first  item,  the  number  of  foot-pounds  of 
work  performed  by,  say,  one  pound  or  one  cubic  foot  of  the  fuel, 
is  determined ;  and  this  quantity  divided  by  778,  which  is  the 
mechanical  equivalent  of  one  British  thermal  unit,  gives  the 
number  of  heat-units  desired.  The  second  item  is  determined 
by  measuring  the  amount  of  cooling  water  passed  through  the 
jackets,  equivalent  to  one  pound  or  one  cubic  foot  of  fuel  con- 
sumed, and  calculating  the  amount  of  heat  rejected,  by  multi- 
plying this  quantity  by  the  difference  in  the  sensible  heat  oi 
the  water  leaving  the  jacket  and  that  entering.  The  third  item 
is  obtained  b^^the  method  of  differences  ;  that  is,  by  subtracting 
the  sum  of  the  first  two  items  from  the  total  heat  supplied. 
The  third  item  can  be  subdivided  by  computing  the  heat  re- 
jected in  the  exhaust  gases  as  a  separate  quantity.  The  data 
for  this  computation  are  found  by  analyzing  the  fuel  and  the  ex- 
haust gases,  or  by  measuring  the  quantity  of  air  admitted  to 
the  cylinder  in  addition  to  that  of  the  gas  or  oil. 

XIX.  Keport  OF  Test. — The  data  and  results  of  a  test  should 
be  reported  in  the  manner  outlined  in  one  of  the  following  tables, 
the  first  of  which  gives  a  complete  summary  when  all  the  data 
are  determined,  and  the  second  is  a  shorter  form  of  report  in 
which  some  of  the  minor  items  are  omitted. 

XX.  Temperatures  Computed  at  Yaeious  Points  of  the  In- 
dicator Diagram. — The  computation  of  temperatures  corre- 
sponding to  various  points  in  the  indicator  diagram  is,  at  best, 
approximate.     It  is  possible  only  where  the  temperature  of  one 
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point  is  known  or  assiimod,  or  where  the  amount  of  air  entering 
the  cylinder  ah)ng  witli  ilio  charge*  of  ^as  or  oil,  and  the  tem- 
perature of  the  exiiaust  gases,  is  determined. 

If  the  amount  of  air  is  dctcniiiiu'd  for  a  gas  engine,  together  with  the 

necessary  temperatures,  so  that  the  volume  and  temperattin'  of  tlic  air 

entering;  the  ('vliiidei  ])er  stroke,  and  that  of  the  gas  are  known,  we  may, 

hy  combining  this  with  olhcr  (hita,  (•omi)Ut(^  the  tem[)('ratnn'  for  a  point 

in  the  c')ra]>ression  curvt^.     In  this  computation  we  must  allow  for  the; 

volume  of  the  exhaust  gases   remaining  in  the  cylinder  at  the  end  of 

the  stroke.     The  temi)erature  at  the  point  in  the  compression  curve 

where  it  meets  or  crosses  the  atmospheric  line  will  be  given  by  the 

formula : 

4Q1  4  V 
T  =  yrr—fr^^rV^  -  ir>9A (A); 

where  V  is  the  total  volume  corresponding  to  the  point  where  the  com- 
pression curve  meets  or  crosses  the  atmospheric  line  ;  V  the  volume 
of  the  air  at  atmospheric  pressure  entering  the  cylinder  during  each 
working  cycle,  reduced  to  the  equivalent  volume  at  32  degrees  Fahr.  ; 
V"  the  volume  of  the  gas  consumed  per  cycle  reduced  to  the  equiva- 
lent at  atmospheric  pressure  and  3"3  degrees  Fahr.  ;  and  V""  the  vol- 
uiue  of  ihe  exhaust  gases  retained  in  the  cylinder  reduced  to  the  same 
basis.  To  reduce  the  actual  volumes  to  those  at  33  degrees  Fahr.,  multi- 
ply by  the  ratios  of  491.4  -t-  (7"  +  459  4)  wliere  T  is  the  observed  tem- 
perature of  the  air  and  of  the  gas  used  as  fuel.  For  the  exhaust  gases 
retained  iu  the  cylinder  at  the  end  of  the  stroke  T  may  be  taken  as 
the  temperature  of  the  exhaust  gases  leaving  the  engine,  provided  the 
engine  is  not  of  the  "'  scavenging"  type. 

Having  determined  the  temperature  of  a  point  in  the  compression 
curve,  the  temperature  of  any  point  iu  the  diagram  may  be  found  by 
the  equation 

T,=iT+  459.4;   ^y-  -  459.4 (B). 

Here  Ti  is  the  desired  temperature  of  any  point  in  the  diagram  where 
the  absolute  pressure  is  Pi  and  the  total  volume  V  i  ;  and  P  and  Fare 
the  corresponding  quantities  for  the  point  in  the  compression  line  hav- 
ing the  temperature  7"  computed  from  the  formula  {A). 

Formula  (B)  holds  only  whei  e  the  weight  of  the  gases  contained  in  the 
cylinder  is  constant.  It  is  also  assumed  in  this  formula  that  the  den- 
sity of  the  gas  compared  to  air  at  the  same  temperature  and  pressure 
is  the  same  before  and  after  explosion. 

A  second  method  may  be  employed,  provided  the  air  which  enters 
the  cylinder  is  me.isured.  This  will  allow  for  any  difference  in  the 
density  of  the  gas  before  and  after  explosion,  and  more  exact  values 
for  temperatures  on  the  expansion  curve  may  be  obtained  than  by  the 
first  method. 

In  this  method  the  density  of  the  exhaust  gases  compared  to  air  at 
the  same  temperature  and  pressure  is  computed,  assuming  perfect  com- 
bustion, and  including  the  effect  of  the  water-vapor  present ;  and  from 
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tliis  density  tlio  volume  of  tlio  gases  exhausted  per  cycle  is  determined. 
If  the  volume  exhausted  i)cr  cycle,  added  to  the  volume  of  the  gas 
retained  in  tho  clearance  space  at  the  end  of  the  stroke,  bo  called  V  in 
equation  B,  and  7' be  the  observed  temperature  of  the  exhaust  gases, 
this  equation  may  be  used  for  determining  the  temperature  of  any 
point  in  the  diagram  in  the  way  already  described.  This  method  is 
more  complicated  than  the  first,  as  it  involves  the  determination  of  the 
theoretical  density  after  explosion,  but  it  possesses  the  advantage  that 
it  may  be  a])plied  to  an  oil  as  well  as  to  a  gas  engine. 

A  third  method  of  computing  the  temperature  of  tho  various  points 
in  the  diagram  may  be  employed  where  analyses  of  the  exhaust  gases 
as  well  as  of  the  fuel  have  to  be  made,  1'his  method  is  more  compli- 
cated than  the  first,  but,  in  common  with  the  second,  it  possesses  tho 
advantage  that  it  may  be  applied  to  an  oil  as  well  as  to  a  gas  engine. 

In  applying  the  third  method  the  volume  of  the  exhaust  gases  dis- 
charged per  working  cycle  would  be  given  by  the  formula  : 

Y,  =  -j^(Eio  +  w) (0) 

where  D  is  the  density  of  the  exhaust  gases  at  their  observed  temper- 
ature,  computed  from  the  analysis,  assuming  the  vapor  of  water  pro- 
duced through  burning  the  hydrogen  in  the  fuel  to  be  in  a  gaseous 
state,  R  the  weight  of  the  air  which  enters  the  cylinder  per  pound  of 
fuel,  and  to  the  weight  of  the  fuel  consumed  per  working  cycle  ;  the 
value  of  M,  providing  there  are  no  unconsumed  hydrocarbons,  may  be 
computed  by  employing  the  formula  : 

B  = (i>) 

.33(002  +  CO) 

where  N,  CO2,  and  CO  represent  the  proportions,  by  volume,  of  the 
several  constituents  of  the  exhaust  gases,  and  C  the  weiu:ht  of  carbon 
consumed  and  converted  to  CO2  or  CO  per  pound  of  fuel  burned,  com- 
puted from  the  analysis  of  the  fuel  and  of  the  exhaust  gases. 

Having  determined  the  volume  F2  of  the  exhaust  gases,  formula  {B) 
may  be  used  in  computing  the  temperature,  in  which  case  T  will  rep- 
resent the  temperature  of  the  exhaust  gases  as  in  the  second  method, 
P  the  pressure  of  the  exhaust,  and  V  the  volume  of  the  exhaust  gases 
F2  discharged  per  stroke,  added  to  the  volume  of  the  gases  retained  in 
the  cylinder  at  the  end  of  the  stroke. 

The  value  of  B  given  in  equation  (D)  is  approximate,  on  account  of 
the  fact  that  the  percentage  of  2V  should  be  that  due  to  the  air  alone, 
and  not  that  due  to  the  air  in  addition  to  that  contained  in  the  fuel  gas. 
Where  extreme  accuracy  is  desired,  the  value  found  for  B  may  be  used 
to  determine  the  percentage  of  iV  which  in  the  analysis  of  the  exhaust 
gases  is  due  to  the  N  in  the  fuel  gas,  and  this  value  may  be  subtracted 
from  the  total  JV  shown  by  the  analysis  of  the  fuel  gases,  in  order  to 
obtain  the  correct  value  of  iV  to  be  used  in  equation  (D). 
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TABLE   No.  4. 
Data  and  Results  of  Test  of  Gas  or  Oil  Engine. 

Arranged   aocordins:  to  tlio  Coin])l<'te  Form  advisod   l)y  the   En<rino  T<'St  Com- 
mittee, American  Society  of  Mechanical  Eugiueer^.     Code  of  1002. 


1.  Made  by of. 

on  engine  located  at 

to  determine 


2.  Date  of  trial 

3.  Type  of  engine,  whether  oil  or  gas, 


4.  Class  of  engine  (mill,  marine,  motor  for  vehicle,  ])umping,  or  other), 

5.  Number  of  revolutions  for  one  cycle,  and  class  of  cycle 

6.  Method  of  iarnition 


7.  Name  of  builders 

8.  Gas  or  oi  1  used • 

(a)  Specific  gravity deg.  Fahr. 

(&)  Burning  point " 

(c)   Flashing  point " 

9.  Dimensions  of  engine  : 

1st  Cyl.  26.  Cyl. 

(a)  Class   of  cylinder  (working   or  for    compressing 

tlie  charge)   

(6)  Vertical  or  horizontal 

(c)  Single  or  double  acting 

(d)  Cylinder  dimensions 

Bore in. 

Stroke f  t . 

Diameter  piston  rod in . 

Diameter  tail  rod in . 

(e)  Compression   space  or  clearance  in  per  cent,   of 

volume  displaced  by  piston  per  stroke. . .  .^. 

Head  end 

Crank  end 

Average 

if)  Surface  in  square  feet  (average) 

Barrel  of  cylinders 

Cylinder  heads 

Clearance  and  ports  

Ends  of  piston 

Piston  rod 

(g)  Jacket  surfaces  or  internal  r-urfaces  of  cylinder 
heated  by  jackets,  in  square  feet , 
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I 


Barrel  of  cyliuder. 
Cylindfr  lioads  . . 
Clearaii(;e  and  ports 


VyieaiaiK^u  uiiu  [jons x 

(h)  Ilorse-povver  constant  for  one  lb.  M.  E.  P.,  and  M 

one  r(! volution  \wv  minute 

10.  Give  description  of  main  features   of  engine  and  plant,  and  illusLrate  wiili 

drawings  of  same  g-iven  on  an  appended  sheet.     Describe  method  of  gov- 
erning.    State  whether  the  conditions  were  constant  throughout  the  test. 

Total  Quantities. 

11.  Duration  of  test hours. 

12.  Gas  or  oil  consumed   cu.  ft.  or  lbs. 

13.  Air  supplied  in  cubic  feet cubic  feet. 

14.  Cooling  water  supplied  to  jackets " 

15.  Calorific  value  of  gas  or  oil  by  calorimeter  test,  determined  by 

calorimeter B.  T.  U. 

Hourly  Quantities. 

16.  Gas  or  oil  consumed  per  hour cu,  ft.  or  lbs. 

17.  Cooling  water  supplied  per  hour lbs. 

Pressures  and  Temperatures. 

18.  Pressure  at  meter  (for  gas  engine)  in  inches  of  water. ......  ins. 

19.  Barometric  pressure  of  atmosphere: 

(a)  Reading  of  height  of  barometer " 

(6)  Reading  of  temperature  of  barometer deg.  Fahr. 

(c)  Reading  of  barometer  corrected  to>  32°  Fahr ins. 

20.  Temperature  of  cooling  water  : 

{a)  Inlet deg.  Fahr. 

(&)  Outlet 

21.  Temperature  of  gas  at  meter  (for  gas  engine) " 

22.  Temperature  of  atmosphere  : 

{a)  Dry-bulb  thermometer " 

(6)   Wet-bulb  thermometer " 

(c)   Degree  of  humidity , per  cent. 

23.  Temperature  of  exhaust  gases deg.  Fahr. 

How  determined 

Data  Relating  to  Heat  Measurement. 

24.  Heat  units  consumed  per  hour  (lbs.  of  oil  or  cu.  ft.  of  gas  per 

hour  multiplied  by  the  total  heat  of  combustion) B.  T.  U. 

25.  Heat  rejected  in  cooling  water  : 

{a)  Total  per  hour " 

(&)  In  per  cent,  of  heat  of  combustion  of  Ihe  gas  or  oil  con- 
sumed      ....  per  cent. 

26.  Sensible  heat  rejected  in  exhaust  gases  above  temperature  of 

inlet  air  : 

(a)  Total  per  hour B.  T.  U 

(6)  In  per  cent,  of  heat  of  combustion  of  the  gas  or  oil  con- 
sumed    per  cent. 
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27.  lloiit  lost  lliroii^h  incomplete  combustion  tind  rudintion  per 

hour: 

(a)  Total  per  hour IJ.  i\  U. 

(6)  In  per  c'(Mit.  of  hoat  of  combustion  of  the  gas  or  oil  coii- 

sumod per  ceni. 

Speed,  Etc. 

28.  Revolutions  per  minute rev. 

29.  Average  number  of  explosions  per  minute 

IIow  determined    , 

30.  Variation  of  speed  between  no  load  and  full  load rev. 

31.  Fluctuation  of  speed  on  changing  from  no  load  to  full  load 

measured  by  the  increase  in  the  revolutions  due  to  the  change. 

Indicator  Diagrams. 

iBt  Cyl.        2d  Cyl 

32.  Pressure  in  lbs.  per  sq.  in.  above  atmosphere  : 

(a)  ^laximum  pressure 

(6)  Pressure  just  before  ignition 

(c)  Pressure  at  end  of  expansion 

{d)  Exhaust  pressu  re 

33.  Temperatures  in  deg.  Fahr.  computed  from  diagrams : 

{a)  Maximum  temperature  (not  necessarily  at  maxi- 
mum pressure) 

(6)  Just  before  ignition 

(c)  At  end  of  expansion , 

(df)  During  exhaust 

31.  Mean  effective  pressure  in  lbs  per  sq.  in 

Power. 

35.  Power  as  rated  by  builders  : 

{a)  Indicated  horse-power H.  P. 

(5)  Brake «« 

36.  Indicated  horse-power  actually  developed  : 

First  cylinder ** 

Second  cylinder " 

Total 

37.  Brake  H.  P.,  electric  H.  P.,  or  pump  H.  P.,  according  to  the 

class  of  engine  *• 

38.  Friction  indicated  H.  P.  from  diagrams,  with  no  load  on  engine 

and  computed  for  average  speed *' 

39.  Percentage  of  indicated  H.  P.  lost  in  friction per  cent. 

Standard  Efficiency  Results. 

40.  Heat  units  consumed  by  the  engine  per  hour  : 

(«)  Per  indicated  horse-power B.  T.  U. 

(6)  Per  brake  horse-power •• 

41.  Heat  units  consumed  by  the  engine  per  minute  : 

{a)  Per  indicated  horse-power 

{b)  Per  brake  horse-power '* 
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42.  Thermal  elRc.ioiicy  ratio  : 

(a)  Per  iiidicaled  liorse-power per  cent 

(b)  Per  brake  horse-power *' 

Miscellaneous  Efficiency  Results. 

43.  Cubic  feet  of  gas  or  lbs.  of  oil  coii.-umed  per  II.  P.  per  hour  : 

(a)  Per  indicated  horse-power 

(6)  Per  brake  horse-power 

Heat  Balance. 

44.  Quantities  given  in  per  cents,  of  the  total  heat  of  combustion 

of  the  fuel  : 

(a)  Heat  equivalent  of  indicated  horsepower per  cent. 

(6)  Heat  rejected  in  cooling  vrater " 

(c)  Heat  rejected  in  exhaust  gases  and  lost  through  radia- 

tion and  incomplete  combustion *' 

Sum  =100 
Subdivisions  of  Item  (c)  : 

(cl)  Heat  rejected  in  exhaust  gases. " 

(c2)  Lost  through  incomplete  combustion *  * 

(c3)  Lost  through  radiation,  and  unaccounted  for " 

Sum  =  Item  (c) 

Additional  Data. 

Add.  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  to  be  used.  Also  give 
copies  of  indicator  diagrams  nearest  the  mean  and  the  corresponding  scales. 
Where  analyses  are  made  of  tlie  gas  or  oil  used  as  fuel,  or  of  the  exhaust  gases, 
the  results  may  be  given  in  a  separate  table. 


TABLE  No.  5. 

Data  and  Eesults  of  Standard  Heat  Test  of  Gas  or  Oil 

Engine. 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee, 
American  Society  of  Mechanical  Engineers.     Code  of  1902. 

1.  Made  by of 

on  engine  located  at 

to  determine 

2.  Date  of  trial 

3.  Type  and  class  of  engine 

4.  Kind  of  fuel  used 

(a)  Specific  gravity deg.  Fahr. 

(b)  Burning  point " 

(c)  Flashing  point ** 
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6.  Dimensions  of  engine  : 

((/)  Class  of  cylinder  (working  or  for  compressing  tne 

charge) 

(6)  Single  or  double  acting  

(c)  Cylinder  dimensions  : 

Bore in. 

Stroke ft. 

Diameter  piston  rod in. 

((f)  Average  compression  space,  or  clearance  in  per 

cent 

(e)  Horse-power  constant  for  one  lb.   M.  E.  P.   and 

one  revolution  per  minute 


iHt  C'yl.        2d  Cyl. 


Total  Quantities. 

Duration  of  test liours. 

Gas  or  oil  consumed cu.  ft.  or  lbs. 

Cooling  water  supplied  to  jackets ^ 

Calorific  value  of  fuel    by   calorimeter  test,  determined    by 

calorimeter B.  T.  U. 


10. 
11. 


12. 


13. 
14. 


15. 

16. 

17. 


18. 
19. 


Pressures  and  Temperatures. 

Pressure  at  meter  (for  gas  engine)  in  inclies  of  water. 
Barometric  ]iressure  of  atmosphere  : 

(ff)  Reading  of  barometer 

(&)  Reading  corrected  to  32  degs.  Fabr 

Temperature  of  cooling  water  : 

{a)  Inlet 

(5)  Outlet 

(c)  Degree  of  humidity 

Temperature  of  gas  at  meter  (for  gas  engine) 

Temperature  of  atmosphere  : 

(a)  Dry  bulb  thermometer 

(6)  Wet  bulb  thermometer , 

Temperature  of  exhaust  gases 


Data  Relating  to  Heat  Measurement. 

Heat  units  consumed  per  hour  (pounds  of  oil  or  cubic  feet  of 

gas  per  hour  multiplied  by  the  total  heat  of  combustion). . . 

Heat  rejected  in  cooling  water  per  hour 

Speed,  Etc. 

Revolutions  per  minute 

Average  number  of  explosions  per  minute 


ins. 


deg.  Fahr. 


B.  T.  r. 


rev. 


20. 


Indicator  Diagrams. 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere  : 


(a)  Maximum  pressure 

(6)  Pressure  just  before  ignition, 


l8t  Cj..       2d  Cyl. 
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(c)  Pressure  at  end  of  expansion 

(d)  Exliiuist  pressure 

(e)  Mean  effective  pressure 

Power. 

21.  Indicated  horse-power  : 

First  cylinder H.  P. 

Second  cylinder " 

Total 

22.  Brake  liorse-power " 

23.  Friction  horse-power  by  friction  diagrains " 

24.  Percentage  of  indicated  horse-power  lost  in  friction per  cent. 

Standard  Efficiency,  and  Other  Results. 

25.  Heat  units  consumed  by  the  engine  per  hour  : 

(a)  Per  indicated  horse-power B.  T.  U. 

{b)  Per  brake  horse-power '  * 

26.  Pounds  of  oil  or  cubic  feet  of  gas  consumed  per  hour  : 

{a)  Per  indicated  horse-power lbs.  or  cu.  ft. 

(h)  Per  brake  horse-power *' 

Additional  Data. 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  to  be  used.  Also  give 
copies  of  indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 
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No.  971.* 

DlSCUSSIOy  ox  THE  PRET.nflXARY  FORMS  OF  THE 
REPORT  OF  COMMFTTEE  OX  STAXDARDIZI  Xa 
EXGIXE   TESTS. 

Dr.  R.  H.  Th  itrstoji. — I  have  recad  the  report  and  the  attached 
matter  with  great  interest  and  pleasure.  It  impresses  me  as  a  well- 
considered,  thoroughly  well-digested  study  of  the  subject  assigned 
to  the  Committee.  The  reduction  of  the  standard  to  its  final  and 
ultimate  form,  the  mechanical  equivalent  of  heat,  and  the  employ- 
ment of  the  measure  of  the  number  of  thermal  units  j)er  horse- 
power-hour as  the  gauge  of  efficiency  of  the  system,  is  logical  and 
exact  and  the  reminder  that  it  in  no  way  interferes  with  the  use, 
each  in  its  proper  place,  of  the  more  familiar  and  usual  measures 
of  economical  performance  is  timely. 

The  fact  that  there  may  be  many  '' efficiencies,"  and  that  there 
is  a  series  of  such  quantities,  in  the  operation  of  the  heat-engines, 
from  the  point  at  which  combustion  occurs  up  to  the  final  delivery 
of  the  power  of  the  engine  to  the  machinery  of  transmission,  and 
from  the  latter  to  the  point  of  receipt  of  energy  by  the  driven 
mechanism,  is  too  seldom  understood.  It  cannot  be  too  strongly 
impressed  upon  the  average  reader  of  the  Code  that  when  '*  effi- 
ciency "  is  referred  to  it  is  necessary  to  have  it  distinctly  under- 
stood which  of  the  efficiencies  in  the  series,  or  what  total  efficiency, 
is  intended.  I  think  that  the  Report  of  the  Committee  of  the 
British  Institution  of  Civil  Engineers  on  the  Standard  Efficiency 
may  be  improved,  somewhat,  in  this  respect,  and  the  action  of  this 
Committee  is,  in  my  opinion,  wise  in  abstaining  from  its  adoption 
without  qualification.  Each  of  the  efficiencies  has  its  place  and 
its  purpose,  and  that  form  of  expression  is  adopted  by  the  engineer 
which  is  appropriate  to  his  work  at  the  moment.  He  sometimes 
finds  it  necessary  to  employ  the  ahsoluie  measure,  which  is  the 
Joule  Equivalent,  as  a  standard  of  efficiency ;  sometimes  the  rela- 
tive efficiencv  of  a  Carnot  cvcle  becomes  the  standard ;  sometimes 

*  Presented  at  the  meetings  at  Milwaukee  (May,  1901),  Xew  York  (December, 
1901),  and  Boston  (May,  1902). 
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the  proposed  relative  standiU'd,  that  of  tlie  Ilankine  or  Clausius 
cycle  witliout  compression  and  with  complete  expansion  ;  sometimes 
it  should  be  the  relative  efficiency  of  the  ideal  cycle  which  the 
indicator-diagram  of  the  engine  studied  most  exclusively  approxi- 
mates which  is  needed  for  comparative  study  and  for  a  standard 
of  perfection  of  the  engineer's  work.*  I  think  that  this  logical 
relation  and  sequence  of  the  efficiencies  cannot  be  too  carefully 
kept  in  view  and  the  necessity  of  exact  definition  of  any  form  of 
that  much  abused  expression  cannot  be  too  constantly  ke[)t  in 
mind.  As  I  remarked  in  the  discussion  of  the  preliminary  draft 
of  this  report : — 

*^  Each  has  its  proper  place  and  purpose,  and  neither  can  stand 
for  another,  any  more  than  the  Rankine  and  Clausius  ideal  dia- 
grams, sometimes  confused,  can  be  substituted  the  one  for  the 
other." 

The  plan  of  this  report  seems  to  me  excellent  and  the  system  of 
small  type  comment  most  helpful.  The  Avhole  will  serve  admir- 
ably as  a  hand-book  relative  to  its  subject. 

In  section  ix,  the  Committee  advise  that  no  deduction  be  made 
for  wastes  by  auxiliaries  "  unless  these  are  shown  by  the  test  to  be 
unduly  wasteful."  I  should  think  it  wise  further  to  provide  that, 
in  such  cases,  the  method  of  waste  and  its  extent,  as  compared 
with  the  wastes  of  the  main  engine  or  other  standard  of  known 
value  be  reported  definitely. 

The  recommendations  of  the  Committee  reo^ardino^  the  avoidance 
of  the  use  of  the  three-way  cock,  except  where  absolutely  unavoid- 
able, are  most  excellent.  We  have  had  a  large  experience  in  our 
regular  laboratory  work  with  locomotive  testing  and  have  never 
had  any  serious  difficulty  in  securing  the  use  of  a  pair  of  indi- 
cators ;  but,  even  then,  the  connections  are  often  longer  than 
could  be  wished.  As  stated  in  the  preliminary  discussion,  "  Mak- 
ing daily  trips  on  the  D.  L.  &  W.  Railroad,  between  Ithaca  and 
Owego,  at  various  speeds  and  with  various  weights  of  train,  Ave 
find  no  difficulty  in  this  direction,  or,  in  fact,  in  getting  all  the 
data  we  seek,  including  power,  speed,  steam,  and  gas  temperatures, 
water-supply,  and  quality  of  steam." 

I  am  glad  to  see  that  the  Committee  has  observed  the  desirability 
of  defining  the  point  of  cut-off  on  the  ordinary  indicator-diagram 
and  has  endeavored  to  give  it  an  authoritative  location.     It  is  of 

*  Proc.  Brit.  Inst.  C.  E.  March  24,  1898;  Journal  Franklin  Institute,  Dec.  1896; 
Manual  of  the  Steam-Engine,  4th  Edit.,  Vol.  I.,  Chap.  viii. 
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less  importance  to  identify  the  true  ecjuivalent  cut-ofF  than  it  is  to 
fix  some  (lelinite  and  acceptable  convention  re<^arding  it.  I  think 
the  Committee  have  good  reason  to  ])lace  the  ])oint  as  re])orted, 
and  hope  that  the  method  proposed  will  become  universally  recog- 
nized as  standard. 

T  am  not  as  confident  regarding  the  acceptance  of  the  '*  hyper- 
bolic curve"  as  a  standard  expansion-line.  I  think  there  are 
occasions  when  the  ''  curve  of  constant  weight,"  which  can  be 
easily  obtained  and  accuratelv  hi  id  down  by  reference  to  the 
steam-tables,  would  be  preferable,  if  not  necessary.  With  large 
ratios  of  expansion,  also,  either  the  adiabatic,  or  the  curve  of  con- 
stant weight,  or  the  actual  curve  of  the  diagram,  will  be  found  to 
depart  very  considerably  from  the  equilateral  hyperbola.  Rankine's 
hyperbola  pv^^-  =  const.,  in  such  cases  departs  widely  from  the 
others.  I  think  that  the  values  of  n  in  j9y"  =  const.,  ?i  =  1 ; 
n  =  1.135,  n  =  1.061:6,  all  have  their  places  in  such  discussions, 
like  the  various  efficiencies;  but  I  think  there  is  no  place  for 
The  most  g-enerallv  useful  and  usuallv  most  suitable  stand- 
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ard,  in  my  opinion,  is  that  in  which  ?i  =  1.061:6  ;  since  it  always 
gives  a  measure  of  the  specific  volume  of  the  steam  and  of  the 
quantity  of  the  '*  cvlinder-condensation  "  at  an}"  given  point  during 
expansion.  The  equilateral  hyperbola,  however,  will  often  be 
found  convenient  for  approximations,  with  low  ratios  of  expansion. 

The  adoption  of  the  hour  as  the  unit  of  time  will  prove,  I  am 
sure,  a  good  move.  It  is  often  very  annoying  to  find  the  time- 
unit,  in  the  same  report,  to  be  stated  as  the  second  in  one  set  of 
data  and  the  hour  in  another,  without  reduction  of  the  one  to  the 
other  measure. 

I  desire  to  be  permitted  to  congratulate  the  Committee  on  the 
excellent  form  which  their  report  has  taken,  and  to  express  appre- 
ciation of  the  conscientious  work,  the  patience,  the  care,  and  the 
expert  skill  which  have  been  embodied  in  what  I  anticipate  and 
hope  will  prove  a  standard  and  a  guide,  for  many  years,  for  all 
who  have  to  do  with  this  kind  of  work. 

Ifr.  H.  Wade  Hihhard. — I  have  never  yet,  in  my  personal  ex- 
perience of  ten  years,  found  it  to  be  "impracticable  "  to  use  two 
indicators  on  each  cvlinder  of  two-cvlindered  locomotives  in 
road  tests.  The  three-way  cock  should  be  omitted.  The  indi- 
cator pipes  need  not,  as  a  rule,  be  over  one  foot  in  length.  The 
two  indicators  are  placed  outside  the  side  line  of  the  slide-valve 
steam  chest.  This  is  in  criticism  of  a  small  portion  of  section 
51 
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xiii.,  tlie  paragraph  of  five  lines  in  large  type  between  the  two 
long  paragraphs  in  small  type. 

Mr.  A.  F.  NcKjh.  —  E-eferring  to  paragraph  2,  ''  the  term 
*  engine '  a?  here  used  should  include  the  entire  equipment 
which  is  concerned  in  the  production  of  the  power,  embracing 
the  main  cylinder  or  cylinders,  tlie  jacket  and  reheaters,  the 
air,  circulating,  and  boiler-feed  pumps,  if  steam-driven,  and  any 
other  steam-driven  mechanism  necessary  to  the  working  of  the 
engine,"  it  should  be  noted  that  the  Committee  has  made  no 
explanation  of  what  shall  be  done  to  calculate  the  efficiency  of 
engines  where  the  auxiliary  machinery  is  elecfcrically-driven 
instead  of  steam-driven.  It  seems  to  me  that  the  committee 
ought  to  take  this  matter  up  and  define  how  the  calculation 
should  be  made  with  this  changed  application  of  power.  Pos- 
sibly they  thought  it  such  an  uneconomical  method — a  mere 
fad  in  engineering  practice — that  it  would  not  survive  long 
enough  to  be  treated  respectfully  by  them ;  but  it  is  here  at 
present,  and  I  think  the  Committee  should  provide  for  it.  For- 
tunately, electric  power  is  far  more  easily  measured  than  steam 
power,  and,  for  that  reason,  would  not  the  simplest  way  be  to 
deduct  from  the  electrical  output  of  the  main  generator  the 
amount  of  current  used  to  drive  these  auxiliaries  (assuming  the 
engine  to  drive  a  generator)  ? 

It  is  a  small  matter,  but  I  would  suggest  that  the  notation 
for  high  and  low  pressure  cylinders  be  expressed  in  small  let- 
ters instead  of  capitals.  The  capitals  "H"  and  '•  P "  are  so 
commonly  used  for  the  abbreviation  of  horse-power  that  it  will 
be  well  not  to  use  them  elsewhere,  if  it  can  be  avoided. 

In  passing,  I  should  like  to  have  the  committee  define  the 
word  *'  preheater,"  now  used  by  some  engineers.  What  is 
meant  by  it,  I  believe,  is  a  feed-water  heater  inserted  in  the  ex- 
haust pipe  between  the  low-pressure  cylinder  and  the, condenser. 
There  is  at  least  one  engine,  the  Nordberg.  where  these  so-called 
preheaters  are  introduced  between  the  different  expansion  cyl- 
inders. We  haA?e  reheaters  for  heating  steam  in  its  passage 
from  one  cylinder  to  another  in  multiple-cylinder  engines. 
Shall  we  have  preheaters  for  heating  feed  water,  and  how  shall 
we  distinguish  between  a  preheater  and  the  ordinary  feed-water 
heater  ?  Occasionally,  for  many  years  past,  a  feed-water  heater 
has  been  placed  in  the  exhaust  pipe  of  a  condensing  engine, 
although  its  utility  was  questioned  until  the  more  accurate  en- 


M 


KEPOKT   OF    COMMITTEE    ON    STANDA  liDlZINO    KN(JINE   'JESTS.    795 

gineeriug  practice  of  tlie  day  established  its  exact  value.  Shall 
we  uow  give  up  that  uame,  and  call  it  a  i)roheaterV  Shall  we 
continue  to  sjieak  of  exhaust  steam  feed-water  heaters  when 
applied  to  non-condensing  engines,  and  call  them  preheaters 
when  used  in  condensing  engines?  It  is  an  exhaust  steam  feed- 
water  heater  in  either  case.  Why,  then,  give  it  a  new  name  ?  In 
the  case  of  the  Nordberg  system  of  heating  the  feed  water  in 
successive  stages  by  the  exhaust  steam  from  each  one  of  the  cyl- 
inders of  a  multiple-cylinder  engine,  there  may  be  a  propriety 
in  naming  them  preheaters,  but  I  am  not  sure  that  even  in  that 
case  it  is  necessary.  It  is  a  new  word  in  our  nomenclature, 
and  I  would  like  to  know  whether  the  Committee  would 
endorse  its  use  ;  and,  if  so,  to  have  them  clearly  define  its 
meaning. 

Mr.  W.  W.  Christie, — John  Perry  in  his  book  on  the  steam 
engine,  pages  312,  313,  says  in  part  that  "the  latest  determina- 
tion of  the  average  heat  energy  required  to  raise  one  pound  of 
water  one  degree  (called  Joule's  equivalent)  from  Q  degree  C. 
to  100  degrees  C,  is  by  Prof.  O.  Eeynolds,  and  is  1,39Q  foot- 
pounds. Notice  that  Regnault's  heat  given  to  water  from  0 
degree  G.  to  100  degrees  C.  is  100.5  units.  According  to  Rey- 
nolds this  is  equivalent  to  139,9(X)  foot-pounds." 

For  100  units  it  w^ould  be  189,3-)0 ;  for  one  unit,  1,393  foot- 
pounds Centigrade  scale,  or  774  on  the  Fahrenheit  scale — not 
778,  as  used  in  section  xxi.  of  the  final  report,  nor  772,  as  is  some- 
times given. 

What  I  should  like  to  have  made  clear  is,  why  is  778  used, 
and  if  no  satisfactory  reason  can  be  given,  why  should  we  not 
use    774   in    our    engjine-efficiencv    calculations?      The    same 
remarks  would  apply  also  to  section  xvii.  of  "  Rules  for  Con 
ducting  Tests  of  Gas  and  Oil  Engines.*' 

DISCUSSIONS     RECEIVED     SINCE     THE     MEETING     OF    THE     SOCIETY     IN 

MILWAUKEE. 

Mr.  Arthur  J.  Frith. — Referring  to  the  question,  "  Whether 
the  higher  or  lower  heat  of  combustion  should  be  used  in  com- 
puting the  heat  consumption  of  an  engine,"  I  understand  the 
question  to  refer  to  internal-combustion  engines,  and  that  the 
higher  heat  of  combustion  is  the  total  number  of  British  ther- 
mal units  of  the  fuel  when  completely  consumed  ;  while  the 
lower  heat  of  combustion  is  obtained  by  deducting,  from  the 
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above,  the  latent  heat  of  tlie  water  vapor  contained  in  the  prod- 
ucts of  combustion. 

That  the  13ritisli  thermal  units  represented  by  the  latent  heat 
of  the  water  vapor  is  an  amount  of  energy  that  has  no  useful 
effect  on  the  thermo-dynaraic  cycle  seems  to  be  evident,  and  it 
appears  that  it  is  immaterial  whether  the  water  vapor  is  formed 
during  the  progress  of  combustion,  by  the  chemical  union  of 
the  elements  of  the  fuel,  and  the  oxygen  of  the  air  supplied  for 
its  consumption,  or  whether  it  was  a  percentage  of  liquid  water, 
originally  a  part  of  the  fuel,  and  afterwards  vaporized  by  the 
burning  of  the  fuel ;  its  presence  in  the  exhaust  gases  at  a 
temperature  far  above  its  point  of  vaporization,  rej)resents 
energy  present  as  sensible  heat  and  as  latent  heat,  the  sensible 
heat  of  the  steam  being  as  capable  of  performing  useful  work 
on  the  piston  as  if  it  were  present  in  a  fixed  gas ;  but  the  latent 
heat  has  neither  raised  the  temperature  nor  increased  the  pres- 
sure or  volume  beyond  that  of  any  fixed  gas  with  about  the  same 
amount  of  sensible  heat,  and  has  been,  so  far  as  the  working 
cycle  .is  concerned,  absolutely  inert.  Its  expenditure  in  this 
manner  is,  therefore,  evidently  detrimental  to  the  power  plant — 
that  is,  to  the  engine  and  whatever  method  is  used  for- burning 
the  fuel — and  the  only  question  that  is  pertinent,  is  how  and  to 
what  item  should  you  charge  this  loss  in  figuring  the  heat  bal- 
ance in  a  thermo-dynamic  discussion. 

If  the  object  of  a  trial  is  simply  a  commercial  one  to  deter- 
mine the  quantity  of  a  particular  fuel  used  in  a  particular  engine, 
then  the  question  is  immaterial,  and,  as  the  simplest  method, 
the  higher  heat  of  combustion  should  be  used  to  obtain  the  final 
efficiency  and  should  be  entered  in  a  subheading  in  a  standard 
table  for  engine  tests.  But  when  the  object  is  to  be  able  to 
compare  the  trial  of  one  engine  with  that  of  another,  or  the 
performance  of  like  engines  under  varying  conditions,  it  is  im- 
portant that  items  that  will  obscure  the  actual  conditions  should 
be  eliminated.  As  English  tests  of  gas  engines  are  based  on 
the  lower  heiat  of  combustion,  ours  would  not  be  strictly  com- 
parable unless  in  a  standard  system  of  testing  there  be  a  head- 
ing for  the  lower  heat.  Even  if  the  higher  heat  be  used  and 
recorded  under  a  sub  heading. 

The  presence  of  water,  or  the  formation  of  water  vapor,  is  no 
fault  of  the  mechanism  of  the  engine.  It  is  characteristic  of  the 
fuel  used,  and  if  it  occasions  a  loss  of  energy,  that  loss  should 
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be  charged  to  the  fuel  in  such  a  way  as  not  to  militate  against 
the  ])erformance  of  the  engine.  Now  this  is  n^hat  tlie  use  of  the 
lower  heat  of  combustion  does  ;  it  gives  the  efficiency  of  the 
engine,  as  determined  by  the  actual  number  of  effective  British 
thermal  units  delivered  to  the  engine,  making  the  efficiency 
obtained  independent  of  any  water  in  the  particular  fu(d  used. 
The  effect  on  the  fuel  might  bo  represented  as  a  percentage  su^li 
as  efficiency  of  fuel,  so  that,  for  commercial  purposes,  the 
product  of  engine  efficiency  by  fuel  efficiency  would  give 
efficiency  of  power  plant  as  against  the  true  efficiency  of  the 
engine. 

The  argument  that  "because  in  an  oil  or  gas  engine  the  steam 
does  its  proportion  of  work  in  the  cylinder  along  with  the  other 
gases,  it  is  therefore  unfair  to  deduct  the  heat  contained  in  the 
amount  exhausted,"  confuses  the  different  conditions  of  steam 
and  gas  engines.  Of  course,  the  steam  does  its  proportion  of 
work  in  the  cylinder,  and  in  doing  so  expends  part  of  its  sensi- 
ble heat,  and  the  remaining  sensible  heat  is  accounted  for  in 
the  heat  balance  undisturbed.  It  is  the  latent  heat  only  that  it 
is  proposed  to  deduct,  and  the  latent  heat  has  been  inert  through 
the  entire  cycle  and  does  not  belong  to  the  problem  of  an  engine 
using  a  non-condensing  medium.  In  this  it  differs  from  a  steam 
engine,  where  steam  condenses  in  tiie  cylinder  and  the  latent 
heat  must  be  considered. 

In  the  discussion  of  the  trials  of  steam  engines  it  is  proposed 
to  use,  in  the  heat  discussion,  under  certain  circumstances,  a 
standard  boiler  with  an  efficiency  of  80  per  cent.,  and  a  standard 
coal  with  a  calorific  value  of  12,500  British  thermal  units ; 
this  is  done,  I  believe,  in  order  that  the  efficiency  of  the  engine 
may  be  expressed  in  terms  which  will  be  independent  of  any 
particular  boiler  or  particular  coal,  and  thus  tests  under  a 
large  variation  of  circumstances  may  be  compared.  Why  then 
should  we  not  do  the  same  for  the  internal-combustion  engine, 
use  a  unit  of  measurement  that  will  give  the  efficiency  of  the 
engine  independent  of  an  accidentally  inert  but  disturbing  con- 
stituent of  the  fuel,  and,  if  the  efficiency  of  power  plant  be 
desired,  multiply  it  by  the  efficiency  of  the  fuel  to  obtain  an 
efficiency  of  the  two  combined  ?  And  is  it  not  possible  and  de- 
sirable to  have  a  standard  gas  and  a  standard  oil  of  stated  effect- 
ive calorific  value  to  which  the  efficiency  of  gas  and  oil  engines 
may  be  referred  for  the    purpose  of   mutual  comparison,   while 
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various  oils,  and  natural,  producer,  or  other  gases,  would  have 
efficiencies  as  compared  to  these  standards  ? 

Mi\  F.  II.  Ball. — Refoi'ring  to  tlie  part  of  the  report,  Section 
XX.,  where  diagrams  are  given  for  purposes  of  illustration,  one  of 
the  lines  of  the  diagram  is  supposed  to  represent  "pressure  at 
throttle."  Nothing  is  said  as  to  how  this. throttle  pressure  is  to  be 
cU)termined.  The  Committee  must  be  aware  that  the  throttle  pres- 
sure does  not  correspond  with  the  gauge  pressure  in  the  boiler ; 
neither  does  it  correspond  with  the  highest  pressure  shown  in  the 
cylinder;  how  then  is  the  throttle  pressure  to  be  determined  in  con- 
ductino^  an  enc]:ine  trial?  It  is  not  customary  to  attach  an  indicator 
to  the  steam  pipe  at  the  throttle  (although  this  is  an  excellent  thing 
to  do),  but  even  if  indicator-diagrams  are  taken  from  the  throttle, 
a  widely  fluctuating  pressure  will  be  shown  by  these  diagrams,  a 
minimum  pressure  appearing  during  the  time  of  admission  to  the  cyl- 
inder, and  when  cut-off  takes  place  a  violent  rise  in  pressure  occurs, 
sometimes  reaching  the  full  gauge  pressure,  or  going  above  it,  by 
reason  of  an  action  of  the  steam  similar  to  the  well-known  "  water 
hammer  "  in  hydraulics.  Any  one  who  has  taken  these  steam  pipe 
diagrams  must  be  aw^are  that  they  often  show  a  fluctuation  of  10  or 
15  pounds  in  the  pressure,  and  in  some  cases  even  more.  The  Com- 
mittee must  be  aware  of  this  state  of  things,  and  yet  we  are  not 
told  how  to  locate  the  line  representing  pressure  at  the  throttle. 
If  the  method  of  locating  this  line  is  left  to  the  judgment  of  each 
engineer,  what  prospect  is  there  of  any  similarity  in  the  system 
adopted,  and  even  if  a  steam  pipe  diagram  were  available  in  each 
case,  what  does  the  Committee  advise  as  standard  practice  in  de- 
termining throttle  pressure  when  it  fluctuates  even  to  the  extent 
of  10  pounds  during  each  stroke.  It  is  certainly  unfortunate  that 
a  committee  of  the  Society  should  make  recommendations  to  en- 
gineers, w^ith  a  view  to  standardizing  the  reports  of  engine  trials, 
and  leave  a  matter  of  this  kind  entirely  without  any  possible 
standard.  Would  it  not  have  been  better  to  have  used  the  gauge 
pressure  at  the  boiler  in  the  proposed  theoretical  diagrams,  rather 
than  to  guess  at  the  throttle  pressure?  Having  adopted  this,  the 
practice  would  be  absolutely  uniform  in  every  case,  and  where  a 
large  difference  is  found  between  the  boiler  pressure  and  the 
highest  pressure  on  the  piston,  then  a  steam  pipe  diagram  should 
certainly  be  taken  to  determine  to  what  extent  this  loss  is  due  to 
piping,  and  to  what  extent  it  is  due  to  wire  drawing  in  the  ports 
of  the  engine. 
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Wliilo  on  the  subject  of  pressures,  it  seems  to  me  that  tlie  Com- 
mittee is  m;ikin«^  a  mistake,  also,  iu  regai'd  to  exhauf<t  pn^ssures. 
The  same  uncei'tainty  which  exists  as  to  the  pressure  in  the  steam 
]>ipe  at  the  tlirottle,  exists  also  in  I'egard  to  the  pressure  in  the 
exiiaust  pipe  where  it  attaches  to  the  engine,  and  any  attempt  to 
use  the  pressure  in  the  exiiaust  pi[)e  in  constructing  theoretical 
diagrams  for  comparison,  will  lead  to  the  same  confusion  which  I 
have  described  in  the  matter  of  determining  the  steam  pressure 
at  the  throttle.  Even  if  an  indicator  is  attached  to  the  exhaust 
pipe  near'  the  engine,  it  will  show  a  considerable  fluctuation,  so 
that  the  engineer  must  decide  what  should  be  the  exhaust  pressure, 
and  of  course  there  is  no  reason  to  expect  any  similarity  in  the 
work  of  different  engineers  in  determining  a  question  of  this  kind. 
If  the  Committee  had  thought  best  to  recommend  the  use  of  the 
almospheric  pressure  in  the  case  of  non-condensing  engines,  and 
of  the  pressure  in  the  condenser  in  the  case  of  condensing  engines, 
the  ])ractice  would  then  be  uniform,  and  the  work  done  by  different 
engineers  would  correspond  in  the  matter  of  these  theoretical 
diagrams  used  for  comparison.  Of  course  in  a  case  Avhere  a  great 
discrepancy  appears  between  the  lowest  pressure  on  the  piston  and 
the  pressure  at  the  end  of  exhaust  pipe  (whether  discharging  into 
the  atmosphere  or  the  condenser)  then  an  investigation  should  be 
made  with  the  indicator,  to  determine  to  what  extent  the  piping 
is  responsible  for  this  difference. 

If  the  recommendations  of  this  Committee  are  to  be  generally 
adopted  by  engineers,  the  methods  must  be  clearly  described  in 
terms  so  explicit  as  to  leave  no  excuse  for  any  difference  in  the 
work  done  in  conformity  with  the  proposed  standards,  and  for 
that  reason  I  think  that  part  of  the  report  relating  to  pressures  is 
very  faulty.  It  seems  to  me,  also,  that  it  is  of  the  greatest  im- 
portance that  the  standards  proposed  by  this  Committee  should  be 
as  few  in  mimber  as  possible  ;  for  instance,  is  it  not  a  serious  mis- 
take that  this  Committee  should  recommend  two  different  sys- 
tems for  determining  the  '"  ratio  of  expansion  ? "  It  is  proposed  to 
adopt  a  "  commercial  ratio  "  of  expansion  and  also  an  "  ideal " 
ratio  of  expansion. 

The  result  of  this  confusion  about  the  ratios  of  expansion  is 
almost  certain  to  be  that  the  v;hole  matter  will  be  disregarded 
bv  enofineers  and  will  become  a  dead  letter.  Instead  of  the  two 
systems  proposed  by  the  Committee,  if  it  had  been  proposed 
to  determine  the  ratio  of  expansion   by  comparing  the  gauge 
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pressure  with  the  theoretical  terminal  pressure  of  the  expansion 
curve,  which  should  be  obtained  by  continuing  the  expansion 
curve  from  the  point  of  release  to  the  end  of  the  diagram,  the 
method  would  have  been  easily  understood,  easily  remembered, 
and  would  be  more  easily  used  than  any  of  the  proposed  methods. 
Referrinf):  to  Fio^.  130,  it  will  be  seen  that  in  order  to  determine 
the  ''  ideal  ratio  "  of  expansion  it  is  necessary  to  construct  the  ex- 
pansion curve  by  a  theoretical  process  from  0  to  S^  and  also  the 
compression  curve  by  a  similar  process  from  P  to  R.  Any  error 
in  these  curves  must  result  in  a  corresponding  error  in  tlie  length 
of  the  line  .7?^.  If  ins.tead  of  this  proposed  method  the  Committee 
had  recommended  a  method  which  requires  only  the  theoretical 
continuation  of  the  expansion  curve  from  the  point  of  release  to 
the  end  of  the  diagram,  the  possible  error  would  certainly  be  less 
than  it  would  be  in  the  construction  of  two  theoretical  curves  of 
considerable  greater  length,  as  in  the  method  proposed  by  the 
Committee. 

Eeferring  again  to  Fig.  130,  suppose  the  terminal  pressure,  al- 
ready referred  to,  is  20  pounds  above  absolute  vacuum,  and  suppose 
the  boiler  pressure  or  gauge  pressure  is  120  pounds  above  vacuum, 

120 
then  the  ratio  of  expansion  is  - —  —  6. 

This  certainly  is  simpler  than  either  of  the  proposed  standards, 
and  less  liable  to  error.  Why  do  we  require  anything  more  in 
regard  to  ratios  of  expansion  ? 

Diagram  Factors. 

The  Committee  has  thought  best  to  propose  three  diagram  fac- 
tors; one  called  the  *' commercial"  factor  and  two  called  the 
"  ideal "  factor,  without  any  special  name  to  distinguish  between 
the  two  ideal  factors.  What  I  have  just  said  about  the  undesira-' 
bility  of  several  standards  for  measuring  the  ratios  of  expansion, 
applies  also  to  the  proposed  standards  for  diagram  factors,  and  I 
think  the  report  of  the  Committee  would  have  been  stronger  and 
better  received  by  engineers  if  only  a  single  factor  had  been  recom- 
mended, but  I  think  the  same  criticism  which  I  have  made  regard- 
ing throttle  pressure  and  exhaust  pressure,  in  connection  with  the 
ratios  of  expansion,  will  apply  to  this  case  also,  and  it  would  have 
been  better  to  have  used  gauge  pressure  and  the  pressure  at  the. 
end  of  exhaust  pipe. 
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111  Fig.  137  ^,  tlio  proposed  "  Commercial "  ratio  is  a])})lied 
to  the  combinoil  diagrams  from  a  t'ompound  engine.  I  heartily 
approve  the  plan  of  comparing  the  areas  of  the  actual  dia- 
grams with  the  area  of  a  theoretical  diagram  representing  the 
expansion  of  an  e(pial  volume  of  steam  .1  A*.  Mr.  Sederholm, 
in  his  discussion  of  this  report  at  the  Milwaukee  meeting,  calls 
attention  to  the  fact  that  it  is  only  the  steam  rei)resented  bv  the 
volume  between  the  expansion  and  compressed  curves  that  has 
really  been  used,  and  this  is  true.  It  is,  therefore,  absurd  to 
compare  this  with  a  larger  volume,  w^hich  is  just  wliat  is  done 
when  all  the  steam  between  the  clearance  line  and  the  expansion 
curve  is  used  as  a  theoretical  basis  of  comparison. 

The  proposed  method  of  making  the  line  J/Z  equal  to  QEis 
certainly  correct,  because  we  are  supposed  to  be  following  the 
theoretical  expansion  of  the  volume  AR  continuously  to  the 
pressure  at  //.  It  seems  to  me,  however,  that  the  proposed  plan 
would  be  imj) roved  if  the  offset  in  the  theoretical  diagram  at 
receiver  pressure  was  eliminated,  so  that  the  expansion  and  com- 
pression curves  of  the  theoretical  diagram  would  be  continuous. 
The  diagram  factor  would  be  exactly  the  same  in  either  case, 
but  there  is  quite  a  difference  in  the  appearance  of  the  diagram. 
Also,  it  is  a  much  simpler  process  to  construct  the  theoretical 
diagram  without  offsets  in  its  curves. 

The  object  of  combining  diagrams  from  a  compound  engine 
is  to  compare  the  performance  of  the  engine  as  a  whole  with 
the  expansion  of  an  equal  volume  of  steam  to  the  same  terminal 
pressure  in  a  single  cylinder.  The  theoretical  diagram  used 
as  a  basis  of  comparison  should  therefore  be  a  single-cylin- 
der dia^jram.  It  will  be  found  convenient  to  use  the  clearance 
of  the  low-pressure  cylinder  in  making  the  compression  curve 
of  the  theoretical  diagram,  and,  in  reducing  the  length  of  high- 
pressure  diagram  by  the  cylinder  ratio,  it  may  be  constructed 
so  that  its  compression  curve  coincides  with  the  curve  of  the 
theoretical  diagram.  This  subject  is  presented  at  some  length 
in  vol.  XV.  of  Traiisadions  of  the  American  Society  of  Mechan- 
ical Engineers,  page  407. 

The  method  proposed  by  the  Committee,  which  produces  the 
offsets  in  the  curve,  does  not  result  in  any  error  in  the  factor, 

*  This  figure  formed  part  of  the  report  at  the  time  of  Mr.  Ball's  discussion.    It 
was  removed  from  the  report  and  is  here  reproduced. 
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or  at  least  none  duo  to  these  curves ;  but  I  tliiiik  any  method  of 
measurement  whicli  does  not  inchide  the  area  of  the  triantrlo 
Q  C  D  is  wrong  and  shouhl  be  corrected.  It  must  be  borne  in 
mind  that  wlien  these  diagrams  are  combined  we  are  not  seek- 
i.ig  a  diagram  factor  for  each  cylinder  separately,  but'  for  the 
combined  performance  compared  with  a  corresponding  total 
expansion  in  a  single  cylinder.  If  we  were  seeking  the  diairram 
factor  of  the  high-pressure  diagram  only,  we  should  use  the  line 
CD  as  the  end  of  the  diagram,  and  if  we  were  seeking  the  dia- 
gram factor  of  the  low-pressure  diagram  we  should  not  use  ^f  L 
as  the  initial  volume  ;  but  when  the  diagrams  are  combined  then 
}[  L  is  the  correct  volume  at  receiver  pressure,  and  the  area  of 
Q  C  D  must  also  be  included. 

J//'.  William  Kent. — There  is  only  one  point  I  wish  to  em- 
phasize, which  is  that  I  thoroughly  approve  of  the  action  of  the 
Committee  in  recommending  in  paragraph  2  of  tlie  Report  that 
in  determining  the  total  heat  of  combustion  of  a  fuel  no  deduction 
is  to  be  made  for  the  latent  heat  of  the  Avater  vapor  in  the  prod- 
ucts of  combustion. 

The  figures  for  heating  value  of  coal  generally  adopted  in 
America  and  in  France  are  those  actually  found  by  the  Mahler  or 
other  oxygen  calorimeter.  I  have  gone  into  the  argument  to  a 
considerable  extent  in  mv  recent  book  on  Steam  Boiler  Economy, 
pages  22  to  24,  showing  the  great  difficulties  we  get  into  w^hen 
we  try  to  use  the  lower  heat  value,  that  is,  the  total  heating 
value  less  the  latent  heat,  as  the  Germans  do.  I  think  it  quite 
likely  that  the  latent  heat  discharged  by  a  gas  engine  may  some 
day  be  made  use  of  by  some  form  of  economizer  or  heater  of  the 
air  or  of  the  oil  or  gas,  and  in  the  case  of  boiler  practice  it  may 
already  be  made  use  of  by  an  economizer  when  the  water  is  very 
cold.  The  scientific  method  is  the  one  which  the  French  and  the 
Americans  have  generally  used.  I  do  not  think  we  should  adopt 
the  German  or  English  method  at  all.  The  total  calorimetric 
heat  value  is  now  universally  adopted  in  French  and  American 
literature,  and  I  see  no  reason  why  we  should  chancre  it. 

I  would  ask  the  Committee  before  finally  printing  their  report 
to  amend  the  third  paragraph  of  section  vii.  It  says  that  the  test 
of  a  complete  plant  embracing  boilers  and  engines  should  continue 
at  least  twenty-four  hours,  but  that  a  continuous  coal  test  of  a  boiler 
engine  should  be  at  least  ten  hours  duration.  These  two  state- 
ments thus  placed  together  are  ambiguous.     If  the  feed  water  test 
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of  an  engine  should  last  five  hours,  and  a  continuous  coal  test  of 
a  boiler  and  engine  ten  hours,  what  kind  of  a  test  is  it  which  should 
be  run  twenty-four  hours? 

M?'.  Wm.  0.  Webber. — I  have  carefully  read  over  the  final  report, 
Paper  978,  and  wish  to  add  my  testimony  to  that  of  Dr.  Thurston 
as  to  the  thoroughness  with  which  this  paper  has  been  prepared. 

I  can  see  only  one  or  two  points  of  minor  importance  to  criticise. 
One  in  the  notes  of  section  viii.,  "Starting  and  Stopping  of  En- 
gine Test."  In  the  notes  it  says,  "  It  is  important,  also,  to  refrain 
from  blowing  off  the  water  column  or  its  connecting  pipes,  either 
during  the  progress  of  the  test  or  for  a  period  of  an  hour  or  more 
prior  to  its  beginning."  This  does  not  seem  to  me  to  be  quite 
strong  enough.  I  should  change  the  word''  important"  for 
"  imperative." 

Also  in  regard  to  marking  the  height  of  water  in  the  gauge 
glass  in  a  convenient  way.  I  would  strongly  advise,  if  a  paper 
scale  is  used,  that  the  height  of  the  water  at  the  commencement 
of  a  test  be  marked  on  the  paper  scale  with  a  pencil  so  as  to  be 
absolutely  fixed,  or  if  a  paper  scale  be  not  used,  that  this  height 
be  marked  by  tying  a  colored  string  around  the  water  glass  with 
the  ends  then  carefully  fastened  to  one  of  the  protecting  rods  at 
the  side  of  the  glass  and  sealed  with  sealing  wax  so  that  it  cannot 
be  moved,  and  that  the  water  in  the  boilers  be  kept  during  the  test 
as  nearly  as  possible  at  this  fixed  height. 

It  certainly  does  make  a  difference,  both  in  regard  to  the  surface 
of  the  steam  escaping  space  in  a  boiler  and  the  rapidity  with  which 
steam  may  be  made,  and  also  as  to  the  priming  of  a  boiler  and 
the  entrainment  of  water  into  the  cylinders  of  an  engine,  if  there 
is  a  great  variation  in  the  level  of  the  water  in  the  boilers  during 
the  test. 

Keferring  to  section  xv.,  "  Brake  Horse-Power,"  I  have  re- 
peatedly used  both  the  rope  brakes  and  band  brakes,  and  Avish 
to  put  myself  on  record  as  believing  that  there  may  be  some  other 
forms  of  brake  which  are  more  generally  suited  to  exact  conditions 
than  the  rope  brake. 

It  would  seem  to  the  writer  that  a  form  of  band  brake  such  as 
is  shown  in  vol.  xv.,  page  62,  of  the  Ti^ansactioiis^  or  some 
simple  modification  of  a  band  brake  might  be  used,  which  would 
be  fully  as  convenient  and  not  so  liable  to  accidents  due  to  the 
slipping  off  of  the  rope  brake,  or  the  prevention  of  accidents  by 
raising  the  weight  attached  to  the  rope  brake  to  a  dangerous 
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extent.  1  sliould  fiillv  ixsi-vec  with  the  reiniirks  of  Di-.  Thuisloii 
on  this  ])()int. 

T  would  also  agree  with  the  discussion  as  outhned  hy  IVFr.  F.  11. 
r>all  under  the  head  of  "  Ratio  of  Expansion,"  section  xx.,  that 
but  one  ratio  should  be  use,  and  that  tlie  '*  Coniniercial." 

Tiie  same  reniai'ks  apply  to  diagram  factors. 

In  the  lii'st  place,  I  believe  very  strongly  in  the  simplilication  of 
reports  and,  as  far  as  possible,  the  elimination  of  alternate  meth- 
ods of  describing  a  result,  and  that,  therefore,  we,  as  a  Society, 
should  adopt  that  form  which  more  nearly  complies  with  actual 
practice. 

Further,  I  do  not  see  the  use  of  an  *'  ideal"  unless  such  ''  ideal" 
can  be  one  that  is  "absolute,"  and  as  this  is  practically^  impossible, 
if  it  is  decided  to  have  the  dual  standard,  I  would  agree  with  Mr. 
James  B.  Stan  wood  that  the  term  "ideal"  should  be  changed  to 
"conventional,"  reiterating,  as  before,  that  this  "ideal  "  or  "con- 
ventional" ratio  represents  something  which  is  both  meaningless 
and  useless,  and  liable  to  create  confusion  and  contention  between 
possible  opposing  parties. 

I  have  also  been  an  advocate  of  the  printing  of  the  items  describ- 
ing the  more  important  data  in  a  larger  or  fuller  face  type  than 
the  rest  of  the  report,  so  that  the  business  man  who  is  short  of 
time  and  wishes  merely  to  get  at  the  ultimate  object  of  the  test 
can  turn  at  once  to  the  items  which  state  the  economical  result, 
thus  more  readily  catching  the  eye,  that  is,  referring  to  Table 
No.  1,  I  would  print  items  Xo.  106  and  Xo.  107  in  full-face 
type. 

I  would  also  strongly  advocate  the  publication  by  the  Society 
of  report  blanks  stating  that  the  blank  is  the  form  advised  by  the 
American  Societv  of-  Mechanical  Enn^ineers,  and  sellino:  these 
blanks  to  the  members  at  a  slight  advance  over  their  cost. 

These  two  latter  items  may  seem  rather  trivial,  but  it  is  the 
belief  of  the  writer  that  they  would  lend  considerable  weight  to 
such  reports  and  at  the  same  time  bring  the  work  of  the  Society 
more  prominently  before  the  business  public. 

Jlr.  R.  jS.  Hale. — The  Committee  has  done  an  admirable  piece 
of  work  for  which  we  all  owe  them  hearty  thanks. 

If  anything  they  have  done  too  much,  and  too  good  work,  and 
have  oriven  us  a  code  which  is  un wield v  for  ordinary  testinfr,  and 
have  included  so  many  different  standards  and  definitions  that  it 
will  require  far  more  labor  to  write  the  report  of  an  engine  test 
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than  to  iiiako  it,  and  more  labor  to  read  the  report  than  to  write. 
I  should  have  preferred,  for  instance,  either  to  leave  out  the  various 
parts  referring  to  the  hyperbolic  curve  asa,  standa,rd  foi' the  expan- 
sion-diagram, or  else  to  recognize  niot'e  clearly  tliat  this  curve  has 
no  real  basis  in  the  laws  which  govern  the  expansion  of 
steam. 

It  would  a,lso  hav^e  been  simpler  to  adopt  the  English  standard 
for  engine  testing  pure  and  simple  (omitting  all  question  of  the 
auxiliaries),  and  then  to  have  adopted  a  code  for  a  "  plant"  test  to 
include  auxiliaries  boilers  and  all  parts  of  the  plant. 

Paragraphs  2  and  3  provide  for  chai'ging  the  engine  wMtli  all 
steam  use(t  by  auxilia,i'ies,  and  for  not  crediting  the  engine  with  any 
power  develo|)ed  by  these  auxiharies.  Of  course,  the  auxiliaiy  ques- 
tion is  a  troublesome  one,  but  it  should  be  clearly  understood  that 
this  method  puts  a  premium  on  driving  auxiliaries  from  the  main 
engine,  as,  for  example,  by  shafting,  or  electrical  means.  Further, 
it  may  give  trouble  in  many  cases ;  for  instance,  what  would  be  the 
allowance  in  case  the  feed  water  or  condenser  water  is  supplied 
under  pressure  from  the  city  mains?  Such  an  arrangement  would 
not  make  the  steam  engine  any  more  elHcient. 

As  to  paragraph  8,  1  think  it  is  very  ill  advised.  There  are  to- 
day very  few  steam  engines  which  do  not  have  a  much  larger 
reserve  of  capacity  than  would  be  called  for  by  this  definition,  and 
if  engine  sellers  should  adopt  any  such  rule  as  this  in  i-ating  en- 
gines it  w^ould  involve  revising  the  rating  of  nearly  every  engine 
on  the  uuirket. 

Wouhl  it  not  be  far  better  to  give  each  engine  two  ratings,  a 
rating  for  best  economy,  and  a  rating  for  maximum  capacity,  than 
to  attempt  to  state  a  delinite  ratio  between  the  two?  Sometimes 
an  engine  is. designed  to  give  its  best  results,  all  things  considered, 
at  its  maximum  power.  Such  an  engine  might  be  well  designed 
for  the  particular  work  it  was  to  do,  and  yet  our  engine  code 
would  condemn  it  as  not  having  25  per  cent,  excess  capacity. 
Sometimes  an  engine  is  designed  to  give  the  best  results  at  a  very 
small  fraction  of  the  work  it  could  do  if  pushed  to  the  limit ;  i.e.^  a 
100  horse-power  engine  might  be  capable  of  doing  250  horse-power 
on  a  pinch.  The  engine  code  could  then  allow  this  to  be  called  a 
200  horse-power  engine  which  would  be  double  its  pro})er  rating. 
It  would  be  much  simpler  and  better  to  either  omit  the  paragraph 
altogether,  or  to  ask  that  both  the  economic  rating  and  the 
maximum  rating  should  be  given.     The  latter  would  be  in  accord- 
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ance  with  present  good  practice.  The  definition  proposiMl  Ijv  the 
Coniniittee  is,  I  venture  to  say,  not  according  to  th(;  best  practice 
of  t(Mhiv  in  ratin<i:  en<riues. 

In  regard  to  units,  I  have  never  been  able  to  see  why  tlie  unit 
of  evaporation  (OOG  British  thermal  units)  was  not  us  useful  and 
convenient  a  unit  in  en^rine  testin<r  as  it  is  in  boiler  testintr.  If  in- 
stead  of  British  thermal  units  per  horse-power  per  hour  or  pe- 
minute  we  should  express  the  engine  performance  in  units  of 
evaporation  per  horse-power  per  hour,  we  should  then  be  able  to 
translate  water  per  horse-power  per  hour  back  into  coal  per  horse- 
power per  hour  with  great  ease,  the  moment  the  boiler  perform- 
ance is  stated. 

Section  v.  (d).  Water  meter  testing. — I  prefer  when  possible  to 
weigh  a  known  quantity  of  water,  taking  corresponding  meter 
readings.  The  graduations  on  most  meter  dials  are  not  very  ac- 
curate, and  if  the  meter  reading  is  taken  for  a  given  quantity  of 
water,  there  is  less  chance  of  error  than  if  the  meter  is  shut  olf  at  a 
given  point  and  the  water  then  weighed. 

Section  vi.  Leakage  tests. — Xote  should  be  made  of  the  risk 
that  the  density  of  the  water  in  the  gauge  glass  connections  or  in 
the  boilers  may  change  unless  care  is  taken.  For  instance,  in  a 
plant  with  six  boilers,  if  only  one  or  two  are  kept  working  lightly 
the  steam  pressure  may  be  maintained  while  the  others  may  be 
cooling  down,  so  that  the  water  in  them  becomes  much  more  dense 
and  apparently  goes  off  as  leakage. 

Mr.  Charles  H.  ^fanning. — Section  vi,  "  The  Leakage  of  Pis- 
tons," etc.  In  my  opinion  the  only  way  of  arriving  at  any  reliable 
knowledge  of  the  condition  of  the  piston  as  to  tightness  is,  upon 
stopping  the  engine  after  a  regular  run,  to  take  off  one  cylinder 
head,  block  the  ports  or  detach  the  valves  at  that  end  and  then 
put  the  engine  up  to  speed,  and  you  will  find  that  where,  by  the 
Committee's  method,  the  piston  might  show  a  considerable  leak, 
w^hen  running  it  is  almost  absolutely  tight.  The  valve  chests  of 
Corliss  engines  when  heated  up  distort  the  cylinder,  and  pistons 
will  frequently  show  leaks  when  near  the  end  of  stroke,  though 
tliev  are  tiofht  during:  ^0  defjfrees  of  stroke. 

Mr.  A.  K.  Ma/isfie^fl.—Tle^evrmg  to  section  i.,  to  the  effect 
that  the  specific  object  of  the  test  should  first  be  ascertained,  it  is 
sometimes  the  case  that  tho  economy  of  the  whole  steam  plant  is 
to  be  determined,  while  it  often  occurs  that  the  economy  and 
capacity  of  the  engine  alone  are  the  objects  to  be  ascertained. 
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The  latter  case  is  the  only  one  I  have  specially  in  mind,  that 
being  of  most  usual  interest  to  the  engine  builder. 

In  planning  an  engine  to  meet  given  conditions,  first  consider- 
ations are  under  what  pressure  of  steam  the  engine  will  be  oper- 
ated and  against  what  back  pressure.  In  other  words,  in  layino- 
out  imaginary  cards  to  plan  the  distribution  of  steam  and  to  con- 
sider the  economy  with  which  the  steam  may  be  used,  from  which 
consideration  the  guarantees  of  the  builder,  both  as  to  capacity  and 
economy  are  made,  an  important  item  is  the  pressure  of  the  steam, 
which  is  delivered  to  the  engine  and  therein  expanded  (for  the 


Fig.  138. 


higher  this  pressure  the  less  the  amount  of  steam  used  per  horse- 
power per  hour),  while  another  important  item  is  the  back  pressure 
acting  on  the  engine  (for  the  lower  this  pressure  the  less  the  amount 
of  steam  used  per  horse-power  per  hour). 

In  making  contracts  for  engines  there  is  much  confusion  relative 
to  these  items,  which  produces  controversy  and  sometimes  leads  to 
litigation,  owing  to  the  use  of  uncertain  phrases  in  the  contracts 
some  of  which  I  find  in  these  rules  for  conducting  tests,  but  with- 
out suitable  definition.  The  phrases  referred  to  in  the  rules  are 
" boiler- pressure,"  "pressure  at  throttle,"  and  "  initial  pressure," 
and  the  question  I  wish  to  discuss  is  which  of  these  quantities  is 
of  interest  to  the  engine  builder,  and  how  is  it  to  be  determined 
and  defined. 

As  to  the  term  "  boiler  pressure"  the  pressure  at  the  engine  is 
rarely  the  same  as  that  at  the  boiler ;  moreover  the  pressure  in  the 
engine  is  commonly  measured  with  an  engine  indicator,  while  that 
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at  llio  boilei'  ist'omiiionlv  taken  Iroiii  the  i-eadiiiir  of  asleam  ''•au^n? 
an  instrument  Avliioli  may  not  bo  classed  with  an  indicator  lor 
rehable  determinations  of  pressure.  ]\Ii<;iit  it  not  be  well,  there- 
fore, to  specify  that  the  boiler  pressuiv  should  be  determined  by 
an  indicator  if  it  is  desirable  to  know  the  exact  boiler-pressure  at 
the  time  of  a  test. 

The  term  "throttle  pressure"  is  an  exceedin<rly  uncertain  quan- 
tity, as  has  been  pointed  out  by  Mr.  Ball.  If  a  steam  gauge  be 
applied  at  or  near  the  throttle,  and  its  cock  be  opened  wide,  its 
needle  will  usually  fluctuate  violently  when  the  engine  is  in  opera- 


FiG.  139. 

tion.  If  the  needle  be  quieted  by  nearly  closing  the  cock,  the 
reading  of  the  gauge  is  made  totally  unreliable  thereby  ;  therefore, 
we  very  much  need  a  definition  as  to  what  is  meant  by  ''  throttle 
pressure,"  if  the  term  is  to  be  continued. 

The  term  'initial  pressure"  is  probably  intended  to  refer  to  the 
actual  pressure  realized  in  the  cylinder  during  admission,  but  this 
pressure  often  falls  during  admission,  which  may  be  due  to  faults 
of  the  engine,  or  may  be  due  to  faulty  installation  of  the  steam- 
pipe  between  engine  and  boiler,  or  to  a  throttle  separator,  or  to 
the  fact  that  another  engine  is  taking  steam  from  the  same  header. 

Figs.  138-1-iO  represent  actual  indicator  cards  from  cylinder 
and  throttle,  which  illustrate  this  matter.  It  will  be  seen  that 
neither  "  throttle  pressure"  nor  '*  initial  pressure  "  can  be  readily 
determined  from  them  without  some  agreed-upon  definition  as  to 
what  is  meant  by  the  terms.  Would  not  this  be  a  good  time  and 
place  to  make  an  effort  to  arrive  at  such  a  definition  ?  It  will  be 
clear  that  the  throttle  cards  represent  in  each  of  these  cases  the 
insufficiency  of  the  steam-pipe  to  deliver  steam  at  boiler-pressure 
52 
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to  the  cylinder  during  admission.  Therefore,  these  cards  may 
commonly  be  used  to  determine  the  efficiency  of  the  steam  pipe. 
They  also  indicate  in  conjunction  with  the  cylinder  cards  the 
efficiency  of  the  port  areas  and  passages,  for  the  distance  between 
the  lower  line  of  the  throttle  card  and  the  admission  line  of  the 
cylinder  card  represents  loss  of  pressure  between  throttle  and 
cylinder. 

For  the  purpose  of  the  builder  of  the  engine,  who  seeks  to  make 
it  economical  in  the  use  of  steam  of  a  given  pressure,  "initial 
pressure  "  may  clearly  be  considered  to  be  the  original  pressure 


Fig.  140. 

of  the  steam  which  is  expanded  in  the  engine  after  cutting  off — 
assuming  that  we  are  considering  an  expansion  engine. 

This  pressure  might  Avell  be  measured  at  the  point  where  cut-off 
nppears  to  begin,  a  point  which  may  be  determined  with  reason- 
able accurac3\  But  the  buyer  of  the  engine,  who  agrees  to  deliver- 
steam  to  the  engine  at  a  prearranged  pressure,  might  object  that 
the  difference  between  throttle  card  pressure  and  cylinder  pressure 
at  the  point  named  shows  faulty  design  of  the  engine,  which  point 
might  be  w^ell  taken. 

It  therefore  appears,  after  considering  both  points  of  view,  that 
"  initial  pressure,"  or  throttle  pressure,"  or  whatever  term  may  be 
used  to  define  the  pressure  actually  delivered  to  the  engine,  may 
be  defined  to  be  the  jpressure  ineasured  at  the  lowest  jpart  of  the 
throttle  card, 

Relative  to  the  back  pressure  acting  on  the  engine,  it  is  cus- 
tomary in  contracts  to  state  either  that  the  engine  is  to  be  run 
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noii-coiulonsing  or  that  a  certain  vacuiimi  (in  indies  of  nicrciny 
column)  will  be  provided  by  the  purchaser.  In  the  former  case 
the  builder  assumes  that  the  back  pressure  will  be  that  of  the 
atm()S|)here,  but  somelimes  owing  to  defective  installation  of  ex- 
haust pipe,  this  pressure  becomes  several  pounds  higher  than  the 
atmos})here. 

In  case  of  condensing  engines  defective  piping  between  con- 
denser and  engine  often  imposes  unnecessary  back  })ressure  on 
the  engine. 

In  both  of  these  cases  exhaust-pipe  cards  taken  from  a  point 
close  to  the  eno^ine  will  reveal  whatever  the  fault  is  in  the  entwine 
passages,  or  in  the  piping,  or  in  what  degree  it  is  chargeable  to  each. 

Prof.  IL  W,  Sjpangler. — This  report  is  such  an  admirable  one 
that  I  hesitate  to  comment  at  all  on  some  of  the  minor  details. 
There  are  a  few  points,  however,  to  which  I  should  like  to  call 
your  attention. 

More  emphasis  should  be  placed  on  the  statement  made  at  the 
end  of  paragraph  1  that  "  The  heat  unit  expression  of  economy 
does  not  in  itself  show  whether  the  engine  is  working  to  its  best 
advantage  any  more  than  the  expression  of  the  steam  consump- 
tion," and  the  report  calls  attention  to  the  influence  of  pressure, 
etc.  This  has  been  largely  overlooked  in  the  past,  and,  in  the 
steam  engine  particularly,  has  been  the  source  of  some  confusion. 
To  most  engineers  the  bald  statement  that  an  engine  using  12 
pounds  of  steam  is  more  efficient  than  one  using  14,  or  the  state- 
ment that  a  pumping  engine  developing  a  duty  of  125  million 
foot  pounds  is  more  efficient  than  one  developing  115  million  is 
simply  a  truism.  In  many  cases  the  relative  position  of  the  two 
engines  would  be  reversed  by  running  them  at  the  same  pressure. 
In  other  words,  the  temperature  at  which  the  heat  is  supplied  is  a 
large  factor  in  determining  the  efficiency  of  an  engine,  and  it  is 
unfortunate  that  no  convenient  basis  for  the  exact  comparison  of 
engines  is  available. 

That  this  may  be  quite  an  important  factor  can  be  seen  when 
it  is  realized  that  heat  at  150  pounds  pressure  is  worth  about  7 
per  cent,  more  than  the  same  quantity  of  heat  at  140  pounds  if 
used  in  the  same  steam  engine. 

Referring  to  paragraph  2,  it  seems  to  me  that  the  proper  title 
of  the  process  therein  described  would  be  Standardizing  Tests  of 
Power  Plants.  As,  for  instance,  a  pumping  station  has  four 
engines  and  sixteen  boilers.     If  one  engine  is  tested  wuth  eight 
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boilers,  tlie  general  efficlenc}^  of  the  entire  plant  will  probably  be 
hig-lier  than  if  one  is  tested  with  three  or  four  boilers,  because  of 
the  less  rate  at  which  the  boilers  are  worked.  If  the  regular 
station  feed  pump  is  used,  the  steam  used  by  a  pump  much  too 
large  for  the  engine  supj)ly  is  charged  against  tlie  engine,  and 
part  of  the  exhaust  is  probably  wasted,  which  would  not  be  the 
case  in  usual  operations.  I  believe  that  a  distinct  separation 
should  always  be  made  between  the  machine  using  the  steam  and 
the  one  making  it,  and  between  the  machine  making  the  gas  and 
the  eno^ine  usino^  it. 

I  want  to  protest  against  the  combination  of  cards  from  com- 
pound and  triple  expansion  engines  for  any  purpose  whatever.  It 
means  a  lot  of  work  without  any  return.  All  that  can  be  deter- 
mined from  such  a  combined  diagram  can  be  determined  in  half 
the  time  from  the  separate  cards — except  one  thing,  and  that  is, 
we  cannot  see  w4iat  the  cards  look  like  when  put  together. 

In  section  xx.  (c)  the  statement  is  made  that  "  it  is  a  diagram 
from  which  the  pressure  of  the  steam  at  any  point  in  the  stroke  of 
either  cylinder,  and  the  volume  of  that  steam  can  be  measured 
from  one  diagram,  etc. 

Referring  to  figure  124, 1  would  like  to  know  w^iat  is  the  volume 
of  the  steam  after  the  low-pressure  cylinder  has  moved  to  .15  its 
stroke  ?  If  the  report  means  the  volume  of  the  steam  in  that 
cylinder  at  that  time,  the  combined  card  is  no  better  than  the 
separate  ones,  if  it  means  the  volume  at  that  instant  of  the  steam 
which  originally  entered  the  high-pressure  cylinder,  my  question 
cannot  be  answered  from  the  combined  diagram. 

You  cannot  tell  by  looking  at  any  of  the  figures  what  the  ideal 
diao^ram  factor  mio-ht  be,  and  there  is  no  doubt  but  that  it  can 
best  be  determined  by  calculation,  as  shown  in  paragraph  xx.  (f). 
The  effect  of  such  a  diai]:rara  is  to  extort  the  fio-ure  so  much, 
especiall}^  the  high-pressure  card,  that  it  becomes  meaningless.  It 
is  quite  as  easy  to  draw  the  dotted  lines  on  the  original  card  and 
to  measure  the  area  there  by  a  plani  meter  as  to  redraw  the  whole 
thing  and  then  measure  it.  If  the  purpose  of  drawing  the  com- 
bined diao'ram  is  to  determine  the  diao:ram  factor,  I  am  sure  that 
it  can  more  easily  be  done  from  the  original  cards.  If  it  is  to 
determine  how  near  the  expansion  curve  comes  to  a  rectangular 
hyperbola,  and  of  course  no  oilier  lines  on  the  comMned  diagram 
mean  anything^  oxAy  draw  the  parts  between  cut  off  and  release, 
or  draw  the  hyperbolas  on  the  original  cards. 
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Section  xx.  (g) — Tlio  expression  ''total  losses  of  steam  in  a 
cyliniler  *'  seems  to  me  unfortunate.  It  was  bronglit  home  to  me 
by  a  statement  made  b}^  an  engineer  just  a  few  days  ago  that  a 
})articular  set  of  tests  sliowed  that  ''for  each  pound  of  steam  used 
in  the  cylinder  a!i  additional  pound  disa])peared — was  lost — he 
did  not  know  wliere  it  went,"  etc.,  and  the  re})ort  means,  if  any- 
thing, the  "increase  in  the  amount  of  steam  required'^  as  com- 
pai-ml  with  the  assumed  ideal  perfoi'mance,  etc. 

Mr.  J.  B.  Stanwood. — The  Committee  appointed  to  codify  and 
standardize  the  methods  of  makino:  enoine  tests  is  to  be  conofratu- 
lated  on  the  tliorough  manner  in  which  it  has  done  its  work  ;  such 
an  elaborate  and  exiuiustive  treatment  of  the  subject  is  bound  to 
contribute  to  the  scientific  development  of  engine  construction 
and  performance.  To  two  points  I  should  like  to  call  atten- 
tion, first :  to  what  seems  to  me  to  be  a  superfluous  special  con- 
struction of  combined  diagram  for  the  Woolf  Engines;  and, 
second  :  to  a  lack  of  accuracy  in  connection  with  the  so-called 
Ideal  Diagram  Factor. 


The  Woolf  Comhhied  Diagram. 

In  the  construction  of  a  Combined  Diagram,  the  Committee 
states  that  it  is  a  hypothetical  figure  "  from  which  the  pressure  of 
steam  at  any  point  in  the  stroke  of  either  cylinder  and  the  volume 
of  that  steam  can  be  measured  .  .  .  hi  the  same  manner  that 
it  can  be  measured  in  the  case  of  a  single  cj^linder  engine  from 
the  actual  indicator  diagram." 

Now  on  a  single-cjdinder  engine  diagram  it  is  impossible  to 
measure  the  volume  of  expanding  steam  between  admission  and 
cut-off.  The  same  statement  is  true  of  the  Combined  Diagram 
for  Receiver  Engines,  both  for  the  high  and  low-pressure  diagrams. 
It  is  also  true  that  diagrams  from  the  Woolf  engine  can  be 
thrown  into  the  same  o:eneral  form  of  Combined  Diafi:ram  as  the 
diagrams  from  a  Receiver  Engine;  such  a  diagram  will  also  yield 
information  on  all  points,  as  if  taken  from  a  simple  indicator 
diagram. 

Why  then  complicate  a  necessarily  long  report  by  a  special 
construction  of  a  special  case  in  order  to  seclire  only  one  condi- 
tion not  considered  important  inany  of  the  other  cases,  to  wit: 
the  determination  of  the  volume  of  expanding  steam   between 
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admission  and  cut-off  of  the  low-pressure  cylinder,  a  feature  which 
this  construction  affords?  ^^^liy  not  let  one  diagram  cover  all 
cases,  as  it  will  yield  similar  results  in  all  of  them? 


The  Ideal  Diagrain  Factor. 

A  collection  of  different  diagram  factors,  which  are  the  expres- 
sions of  the  relation  of  an  obtainable  mean  effective  pressure  to  a 
theoretical  mean  effective  pressure,  the  assumed  expansion  line 
being  taken  \\\\ki]pv  —  constant,  and  the  limits  being  the  throttle 
pressure  and  certain  standard  back  pressures,  is  valuable  to  the 
engine  designer  as  affording  a  quick  and  easy  method  of  estimat- 
ing beforehand  probable  obtainable  mean  effective  pressures  for 
engines  of  different  types  under  different  conditions.  A  collec- 
tion of  such  data  by  means  of  standard  tests  will  contribute  to  this 
end,  and  is  to  be  commended. 

But  when  it  comes  to  employing  a  diagram  factor  of  this  char- 
acter in  order  to  point  out  the  value  of  different  losses,  or  in 
holding  up  a  theoretical  diagram  based  on  this  j^?;  =  constant  ex- 
pansion line  as  an  "  Ideal  "  to  be  striven  for,  is  not  the  Committee 
making  a  statement  which  is  misleading  and  inaccurate,  and 
which  will  tend  to  prevent  young  or  inexperienced  engineers  and 
designers  from  obtaining  correct  ideas  on  the  subject  ? 

Professor  Thurston,  in  his  remarks  at  Milwaukee  on  the  work 
of  the  Committee,  says  that  he  thinks  ''  it  should  be  distinctly 
understood  that  Avhile  in  a  single  cylinder  the  expansion  line  may 
be  assumed,  usually  without  serious  error,  to  be  the  equilateral 
hyperbola,  this  is  not  the  case  for  very  high  ratios  of  expansion,  or 
for  the  multiple-cylinder  engine  as  a  rule,  or  where  it  is  important 
to  obtain  exact  measures." 

The  Committee  has  taken  no  notice  of  this  valuable  suggestion 
as  far  as  I  can  see,  but  under  the  head  of  Total  Losses  gives  a 
formula  of  1-CF  as  the  total  consumption  of  steam  or  heat  lost  in 
an  enofine,  where  F  is  the  Ideal  Diao^ram  Factor  determined  from 
a  diagram  drawn  with  a^;>y  =  constant  hyperbola.  They  call  this 
theoretical  diagram  an  assumed  ideal  performance. 

They  might  as  well  take  the  relation  existing  between  the  area 
of  a  circle  and  its  radius  of  3.5  r  and  call  it  an  assumed^  ideal  re- 
lation, and  any  shortage  of  this  amount  in  a  calculation  they 
would  consider  a  loss,  while  in  reality  a  more  nearly  theoret- 
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ically  iileal  relation  would  Ix^.'l.  14150  r-  and  tlio  losses  would  prove 
dilTerent. 

Perhaps  the  Committee  was  deterred  from  using  the  more  exact 
ailiabatic  expansion  curve  by  the  difliculty  of  expressing  the  area 
of  an  Ideal  Diagram,  of  which  it  forms  a  part,  when  employing 
as  a  basis  for  the  diagram  the  steam  as  accounted  for  bv  the  in- 
dicator at  high  pressure  cut-off.  I  should  like  to  point  out  how, 
by  following  with  slight  modification,  ^[i'.  Willan's  method  of 
analyzing  engine  performances,  a  simple  calculation  of  the  area  of 
such  an  Idenl  Diagram  can  be  secured  (which  at  the  same  time 
covers  such  an  extreme  case  as  that  presented  by  Mr.  Frank  Ball, 
and  also  satisfies  Mr.  Sederholm's  suo^crestion  in  resrard  to  the  error 
of  straight  clearance  lines,  both  as  offered  at  the  Milwaukee 
Meeting). 

The  method  is  made  easy  by  employing  Entropv  Tables  such  as 
are  found  in  some  modern  treatises  on  the  Steam  Engine,  and  is 
as  follows : 

If  instead  of  using  as  the  basis  of  the  diagram,  the  steam  at 
cut-off  in  the  high-pressure  cylinder  as  accounted  for  by  the  indi- 
cator, we  take  the  steam  as  accounted  for  at  low  pressure  release, 
the  solution  is  simplified. 

The  following  data  are  necessary  : 
Absolute  throttle  pressure  =  P. 
Absolute  low-pressure  release  pressure  =  p. 

Per  cent,  low-pressure  piston  displacement  evacuated  by  steam  at 
p=  k  (equivalent  to  C-II of  Committee's  report,  section  xx,  (a) ), 

see  fio^ure. 
Obtained  mean  effective  pressure  referred  to  low-pressure  cylinder 

=  J/. 
If  conde^nsing,  back  pressure  j^o  =  0. 
If  non-condensing,  back  pressure  j9o  =  14.7  lbs. 
From  this  data  can  be  derived  the  theoretical  British  thermal  units, 

which   can    be  secured  from  one  pound  of    water  expanding 

adiabatically  from  P  to p  with  po  ^^ck  pressure,  thus, 

B.  T.  U.  =  U=D(1  +S-A)—T,  (A- A)  +4^'  •••(!) 


Where  T  =  absolute  temperature  of  P. 
T=       "  ''  "p. 

D  =  T-T. 


816   REPORT   OF   COMMITTEE   ON"   STANDARDIZING  ENGINE   TESTS. 

S  =  Entropy  of  steam  at  P. 

A=         "         "  water  "  P. 
Ai=         "         "       "       "i?. 
w  —  wt.  cu.  ft.  of  steam  at  7\ 

Wi  =  wt.  cu.  ft.  ''       "       "  2?. 

2545 
The  theoretical  water  rate  for  such  a  diagram  is,  -jj-  =  P.  .(2) 

The  theoretical  mean  effective  pressure  for  such  a  diagram 

=  6Awi  U  (3) 

on  the  assumption  that  the  low-pressure  cylinder  is  full  of  steam 
at  j9  pounds  pressure ;  but  as  only  h  parts  are  full,  this  mean 
effective  pressure,  being  reduced  in  that  proportion,  becomes  5.4 
hw^U\  equal  to  the  mean  effective  pressure  of  a  cylinder  with- 
out clearance  with  a  terminal  pressure  of  p  pounds. 

M 

The  actual  diao^ram  factor  =  ~— -^^ ^ 

°  •        5.4  fc  w^  u 

The  total  factor  loss  =  CF  (of  Committee  Section  xx,  {g) )  = 


actual  water  rate  actual  water  rate 

If  the  actual  number  of  adiabatic  expansions  is  desired  it  is 
expressed  thus : 

Wi       bi—  Ai 

The  following  shows  the  derivation  of  the  formulae. 

Assume  a  Rankine  Cycle.  Then  the  theoretical  British  ther- 
mal units  derivable  from  1  pound  of  water,  between  limits  as  given 
is  (Z  being  Latent  Heat  of  steam  at  P) 

L  T 

now  -yj,—  S  —  A  and  hyp.  log  ^  =  A  —  ^i  therefore 

U=  P{\  +  S-  A)-  T{A  -A,)  +  ^^^  as  per  (1), 

1    _144 

5.4  ~  778* 
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jTxTofflc  'T^essure /, ^B 


Fig.  Ui.— a  BCD  E  =  Ideal  Diagkam. 
EF 


k  = 


GH' 


2545 
Also,  the  pounds  of  water  per  liorse-power  Lour  =  R  =  —jj- 

wLere  778  =  Joule's  equivalent ;  and  also  R  =    , ,  ..  j^.     Equat- 
ing these  two  values  of  7^  and  we  have, 

-^^     —  ~^,  r^  vT  01*  M.  E.  P.  =  o4^/j,  6  as  per  (d). 

Mr.  Charles  A.  Hague. — The  Committee  deserves  great  com- 
mendation and  credit  for  the  testimony  and  evidence  the}"  submit 
of  much  careful  painstaking  work ;  but,  I  have  an  honest  differ- 
ence with  them  on  a  point  or  two.  Whatever  is  finally  adopted 
by  the  Committee  and  the  Society,  shall  have  my  fullest  support, 
and  I  will  do  what  I  can  to  give  the  results  of  their  labors  juris- 
diction and  force  before  the  engine  builders  and  buyers,  and  all 
others  interested  in  the  development  of  power  by  heat.  And  I 
know  that  the  complete  good  will  and  earnestness  in  what  I  may 
say  contrar}"  to  their  conclusions  will  be  understood. 

It  seems  to  me  that  the  report  lacks  the  best  form  of  articula- 
tion, and  in  places  is  too  general  for  the  practical  work  of  meeting 
the  usual  demands  arising  in  cases  wliere  engine  tests  are  actually 
wanted.  To  begin  witli,  the  reciprocating-piston  steam  engine 
ought  to  be  classed  by  itself,  and  codification  established  for  sep- 
arate other  forms  of  prime  movers  having  heat  for  a  source  of 
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energy,  and  for  the  reason  tliat  where  heat  is  produeed  in  the 
furnace  of  a  boiler,  and  water  is  employed  as  a  vehicle  for  the 
transportation  of  this  heat  to  the  place  of  work,  the  conditions  of 
production  and  operation  are  too  dissimilar  to  admit  of  the  satis- 
factory grouping  of  all  classes  of  heat  engines.  Further  :  the 
reci pro-rotative  steam  engine  occupies  such  an  enormous  percent- 
age of  the  heat  power  field  that  it  seems  a  little  irregular  to 
attempt  to  make  a  standard  set  of  test  details  sufficiently  elastic 
to  cover  as  well,  motors  depending  upon  combustion  within  the 
cylinders  of  the  machines  themselves  for  the  development  of  the 
working  heat.  Further  still,  the  steam  turbine  is  as  yet  somewhat 
too  insignificant  as  a  heat  prime  mover  to  justify  its  classification 
just  at  present  with  the  usual  type  of  piston  and  crank  engine  in 
setting  up  a  standard  of  test,  and  partly  for  the  reason  that  the 
easiest  and  most  convenient  means  of  exhibiting  the  energy  devel- 
oped, by  the  indicator-diagram,^  is  not  available  in  the  turbine. 
To  be  sure  brake  resistance  may  be  employed  for  both  the  usual 
and  the  turbine  form  of  motor,  and  so  a  common  ground  afforded ; 
but  practically  this  is  impossible,  especially  for  many  of  the  greater 
powers  used  at  the  present  day.  The  turbine  is  too  unusual,  and 
is  too  often  situated  in  a  narrow  field  of  usefulness,  Avhere  its  per- 
formances may  be  gauged  by  other  means  than  foot  pounds  of 
work,  to  permit  it  to  distort  what  should  be  otherwise  a  special. 
a  scientific,  and  a  practical  method  of  determination  of  results. 

A  very  practical  consideration  is  the  fact  that  the  most  impor- 
tant tests  have  been  and  will  no  doubt  continue  to  be,  principally 
resorted  to  in  powers  of  a  magnitude  which  excludes  the  types  of 
motors  depending  upon  combustion  within  the  cylinders  for  their 
initial  pressure.  Even  in  considering  gas  engines  of  as  high  as 
500  horse-power,  the  frequency  of  installation  has  not  become  of 
sufficient  importance  to  justify  their  grouping  with  the  usual  steam 
engine,  especially  as  large  gas  engines  are  mostly  employed  in  local- 
ities where  natural  gas  is  available,  although  their  use  in  moder- 
ate powers  is  gradually  spreading;  I  say  this  as  much  in  justice  to 
the  gas  engine  as  for  any  other  reason.  In  powers  of  100  horse- 
power or  less,  aside  from  ascertaining  desirable  facts,  the  entire 
amount  of  fuel  and  steam  consumed  is  not  sufficiently  important 
to  justify  an  elaborate  system  of  investigation;  with  good  work, 
carried  out  on  lines  of  good  design,  it  is  pretty  clearly  known  what 
the  results  will  be. 

Therefore,  as  to  this  part  of  the  report,  I  think  it  should  be 
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(.liviilod  into  classes,  and  if  there  is  neither  time  nor  opportunity 
for  doing  justice  to  all  branches  and  classes  of  motors  at  tlie  present 
time,  then  begin  with  the  most  valuable,  the  most  important,  and 
the  most  frequently  questioned  line  of  work  in  the  testing  field. 
Do  that  portion  well  and  concisely;  and  take  up  as  opportunity 
offers,  other  lines  and  classes  of  heat  motors  early  in  the  future. 
The  reciprocating-piston-rotative  steam  engine  is  several  hundred 
years  old,  and  if  a  codified  standard  is  only  just  now  being  reached, 
surely  the  gas  engine,  the  steam  turbine,  and  other  comparative 
novelties  in  the  thermo-dynamic  field  can  comfortably  wait  a  short 
time,  if  necessary.  To  make  this  idea  plainer  how  would  it  be  to 
form  classes  about  as  follows : 

1st.  Reciprocating-piston-rotative  steam  engines. 

2d.  Eeciprocating-piston-rotative  gas  engines. 

od.  Reciprocating-piston-rotative  engines  consuming  combust- 
ible fluids. 

4th.  Turbines,  and  other  forms  of  rotary  engines. 

Take  the  classes  of  Avork  up  in  the  above  stated  order,  and 
keep  them  entirely  separate,  so  that  each  class  of  heat  motor 
may  be  considered  at  its  best,  and  its  questionable  points  without 
interruption  or  interference  by  any  other. 

Proceeding  then  along  the  line  of  classes  above  mentioned,  and 
taking  at  present  the  reciprocating-rotative  steam  engine  as  a 
rather  complete  line  of  itself  requiring  a  great  share  of  attention, 
I  note  an  incipient  confusion  in  the  use  of  the  term  "  object  of 
the  test.''  That  is  to  say ;  the  term  "  object  "  seems  to  be  used  as 
representing  the  determination  of  economy;  and  also  used  as  rep- 
resenting something  to  be  ascertained  with  regard  to  a  con- 
tract. The  word  is  qualified  in  its  meaning  it  is  true ;  in  one  place 
being  used  in  a  broad  sense,  and  in  the  other  specifically. 

Xow,  it  seems  to  me  that  the  '^  object ''  of  an  engine  test  is 
the  all  important  element  in  the  case,  dominating  and  influencing 
all  matters  and  details  of  procedure  throughout;  and,  therefore, 
to  my  view  there  should  be  one  object  and  one  only;  all  else  tak- 
ing secondary  relations  thereto.  And,  as  engines  are  made  to  sell 
to  some  one,  and  to  do  Avork  for  some  one,  it  strikes  me  that  the 
most  important  object  in  forming  rules  for  testing  a  steam  engine, 
is  to  ascertain  whether  or  not  it  meets  the  requirements  of  the 
contract  under  which  it  is  built  and  erected;  and  so  the  codified 
and  standardized  methods  of  making  engine  tests  should  be  largely 
based  upon  the  matter  of  how  near  together  the  requirements  of 
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the  contract  and  the  performance  of  the  engine  are  actually 
brouglit  by  the  efforts  of  the  engine  builder.  If  this  is  taken  as 
the  standard  and  fully  covered,  it  will  likely  be  found  that  nearly, 
if  not  quite  all  other  considerations  may  be  met  under  a  system  of 
procedure  based  as  clearly  and  as  exclusively  as  possible  upon  the 
contract  idea.  Of  course  the  contract  idea  is  considered  as  is 
plainly  shown,  but  I  think  that  much  more  dominant  conception 
in  that  line  would  improve  the  matter. 

The  science  and  art  of  mechanical  engineering  is  largely  made 
up  of  producing  and  selling  machinery  for  useful  purposes,  and 
if  it  w^ere  not  for  the  sale  and  use  of  the  machinery,  the  mechanical 
engineer  would  have  very  little  to  do.  This  being  considered  as  so, 
the  importance  of  catering  somewhat  strongly  to  the  satisfaction  of 
the  contract,  and  ascertaining  how  fully  it  may  be  met  by  the 
machinery  produced  for  the  purpose,  wdll  appear.  It  must  be  ad- 
mitted, of  course,  that  engines  are  tested  for  other  reasons,  but 
the  point  I  endeavor  to  make  is,  that  in  establishing  a  method, 
nearly  all  points  will  be  covered  by  making  contract  requirements 
the  all  important  and  controlling  idea,  and  most  other  details  and 
questions  secondary  at  best.  The  economy  of  steam,  although  of 
very  great  and  almost  paramount  importance,  is  only  one  after  all 
of  several  important  items;  there  are  as  well,  economy,  reliability 
in  the  matter  of  required  power,  prompt  adjustibility  in  the  line 
of  variable  demands  for  power,  weight,  strength,  durability,  and 
mechanical  arrangement  and  design.  Under  some  circumstances, 
10  per  cent,  less  repairs  might  represent  a  greater  desideratum 
than  15  per  cent,  steam  economy.  In  the  case  of  the  electric  rail- 
road prime  mover,  some  other  things  than  steam  economy  hold  the 
practice  aw^ay  from  triple  and  higher  expansions  and  keep  pretty 
close,  so  far  at  least,  to  double  expansion.  By  the  way,  why  do  we 
give  the  proper  term  to  other  expansions,  and  call  one  of  them 
^^  compound." 

I  am  not  particularly  hide-bound  in  the  matter  of  the  unit  for 
expressions  of  steam  economy  or  consumption  for  steam  engines, 
but  reasons  of  conciseness  cause  me  to  lean  very  strongly 
towards  the  making  of  such  expressions  in  pounds  of  dry  saturated 
steam ;  and  I  never  have  believed  sufficiently  in  the  heat  unit  basis 
to  make  a  standard  of  it.  I  bow  to  the  powers  that  be,  or  may  be, 
but  personally  I  do  not  agree  w^ith  them.  Of  course,  the  engine 
builder  is  very  intensely  interested  in  the  various  details  which  go 
for  the  production  of  a  machine  which  will  develop  the  greatest 
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:iuiiibor  of  fuut  pounrls  of  work  per  st<itc(l  wciglit  of  prujicr  steam; 
but  after  all  that  is  liis  affair,  and  if  he  fails  to  \ni\  sulKeient  atten- 
tion to  its  importance  he  will  lose  his  customers.  For  years  I 
have  advocated  the  separation  of  the  production  of  the  steam  from 
its  use  in  an  engine,  and  with  modern  appliances  the  engine  need 
not  be  charged  with  other  than  dry  saturated  steam,  or  at  least 
its  credits  can  be  arranged  so  as  to  enable  the  correct  expression 
being  made  which  will  exhibit  the  facts.  A  steam  engine  is  built  to 
use  steam  and  produce  power ;  and  whatever  may  be  its  internal 
arrangements  aifecting  the  damaging,  wastage  or  loss  of  steam  un- 
necessarily, such  signs  of  incompetency  as  may  be  shown  to  exist 
proclaim,  by  the  excessive  consumption  of  steam,  that  the  best 
lines  of  thought  upon  the  subject  are  not  being  followed  by  the 
builder. 

Therefore,  I  am  inclined  to  take  issue  with  the  Committee  under 
paragraph  1,  upon  the  selection  of  the  unit  of  determination  in 
expressing  the  results  of  tests  of  steam  engines,  and  in  doing  so, 
I  take  my  argument  from  the  statement  of  the  Committee  itself. 
They  take  the  position  that  heat  produced  in  the  furnace  of  a 
boiler  is  to  be  viewed  in  the  same  light  as  heat  produced  by  com- 
bustion directly  within  an  engine  itself,  specifically  designed  and 
arranged  for  combustion.  This  idea  ignores  several  facts  with 
which  the  Committee  is  perfectly  familiar,  viz. :  That  combustion 
in  a  boiler  furnace  involves :  (a)  the  chemical  operation  called  com- 
bustion, which  of  itself  is  too  far  removed  from  the  operation  of 
the  steam  engine  scientifically,  and  calls  for  the  consideration  of 
too  many  things  entirely  foreign  to  the  engine  and  its  work. 
Further  than  this :  (b)  after  we  have  passed  by  the  special  and  ex- 
clusive considerations  pertaining  to  combustion,  which  might  apply 
with  equal  force  to  a  pottery  kiln  or  any  other  form  of  economical 
furnace  for  any  purpose  whatever;  we  are  met  by  another  inter- 
vening operation  before  the  heat  becomes  available  by  use  in  the 
''  heat  engine,''  which,  perhaps,  might  properly  be  called  strictly 
a  '"  vapor  engine."  This  second  item,  is  the  actual  fluid  composed 
of  a  mechanical  mixture  of  heat  and  water  which  makes  the 
engine  available  for  useful  work,  and  the  design  and  arrangement 
of  the  steam  generator  bears  to  a  very  important  extent  upon  the 
quality  and  quantity  of  the  mixture  obtained ;  so  by  the  time  we 
have  reached  the  throttle  valve,  where  the  engine  really  begins, 
we  have  run  the  gauntlet  of  several  sets  of  conditions  over  which 
the  engine  exercises  no  control,  and  some  of  the  losses  involving 
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the  expenditure  of  heat  have  already  been  active  to  a  very  con- 
siderable extent. 

The  Committee  states  that,  "Fuels  are  proverbially  of  uncertain 
quality,  whatever  their  class.''  Well,  so  they  arc,  and  I  will  adopt 
that  expression  for  my  side  of  the  case,  and  not  charge  the  engine 
with  such  foreign  items.  It  is  also  stated  that,  "  Steam  boilers  are 
of  variable  efficiency,  even  with  fuel  of  identical  quality."  Well, 
so  they  are,  and  I  also  adopt  that  statement  for  my  argument,  and 
ask,  why  on  earth  should  a  steam  engine  be  held  responsible  ?  Of 
course,  it  is  not  intended  to  hold  the  engine  responsible;  but,  then 
why  drag  in  extraneous  considerations ;  and  why  not  take  the 
steam  offered  from  wliatever  source,  strike  a  balance  on  quality, 
charging  and  crediting  the  engine  to  correspond,  and  balance  up 
the  work  done  by  the  machine. 

The  Committee  also  state  that,  "'  In  a  steam  engine,  the  weight 
of  steam  consumed  represents  no  exact  measurement  of  efficiency, 
for  the  reason  that  the  true  thermal  economy  is  somewhat  affected 
among  other  things  by  the  disposition  of  the  rejected  heat  of  the 
engine. '^  E^ow,  what  is  meant  by  the  "  true  thermal  economy?  " 
The  expression  certainly  will  have  to  be  strictly  and  closely  defined 
before  expressions  of  results  can  be  made  intelligible.  I  believe, 
when  we  want  to  be  exact,  that  a  steam  engine  ought  not  to  re- 
ceive credit  from  the  operation  of  all  sorts  of  extrane'ous  fixtures. 
Any  preheating,  reheating,  feed  water  heating,  or  superheating, 
by  means  of  boiler  uptakes,  etc.,  should  be  eliminated  from  the 
calculations  concerning  the  engine  itself  for  the  simple  reason, 
that  outside  influences  do  not  belong  to  the  prime-mover.  The 
consideration  of  the  above  mentioned  "  extras  "  belong  to  "  plant 
testing,"  and  not  to  engine  testing  per  se. 

A  code  of  standard  method  should  be  arranged  to  take  in  all 
kinds  of  steam  engines  not  differing  unreasonably  from  well  rec- 
ognized practice,  and  arranged  so  that  any  statement  of  extra- 
ordinary details  or  conditions  can  be  included  in  the  expression  of 
results.  After  the  steam  has  worked  in  the  jackets,  cylinders,  and 
heaters  or  reheaters  within  the  engine  itself  up  to  the  point  affect- 
ing the  energy  produced,  and  transformed  into  mechanical  energy 
against  the  crank  pin,  all  elements  affecting  the  economical  return 
of  heat  to  the  boilers  by  utilizing  even  normal  and  natural  wastes, 
should,  I  think,  be  eliminated  from  the  credit  side  of  the  engine 
account.  Of  course,  scientific  and  clever  designing  and  manu- 
facturing engineers,  wdll  and  can  and  do  produce  a  combination  of 
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plan  details  and  economies  which  will  bring  them  their  share  of 
business  when  their  talents  become  known  to  power  users;  but 
when  a  body  which  really  appears  as  one  of  professional  men,  pro- 
poses to  set  up  a  code  of  standards,  such  a  code  should  be  fairly 
applicable  and  to  a  discriminating  extent,  so  that  the  "  true 
thermal  economy/'  and  also  the  true  results  properly  stated,  will 
be  easily  grasped. 

In  paragraph  2  the  real  point  is  stated :  '*  The  heat  consump- 
tion of  a  steam  engine  required  for  the  standard  test  is  ascertained 
by  measuring  the  quantity  of  steam  consumed  by  the  plant,  calcu- 
lating the  total  heat  of  evaporation  of  the  entire  quantity,  and 
credit  this  total  with  that  portion  of  the  heat  rejected  by  the  engine, 
which  is  utilized  and  returned  to  the  boiler.'^  And  this  is  right 
where  I  take  issue  with  the  Committee,  inasmuch  as  I  believe  that 
they  are  trespassing  upon  unscientific  grounds  in  taking  such  a 
position.  The  engine  of  itself  and  as  produced  by  the  engine 
builder  has  nothing  whatever  to  do  with  what  becomes  of  the 
rejected  heat.  As  to  auxiliaries,  the  engine  should  only  be  respon- 
sible for  the  air  and  jacket  pumps,  as  those  pumps  are  the  only 
ones  absolutely  necessary  for  its  proper  operation.  As  to  circulat- 
ing pumps,  wherever  the  situation  dictates  the  use  of  circulating 
pumps,  there  are  advantages  which  enable  a  surface  condensing 
apparatus  to  pay  its  own  way;  and  the  credit  for  which  the  engine 
should  not  have,  and  with  the  operation  of  which  the  engine 
should  not  be  charged;  the  engine  itself  must  in  some  manner 
remove  the  vapor  and  air  from  the  condenser  proper,  and  as  it 
receives  a  benefit  in  the  removal  of  the  initial  atmosphere,  it  must 
be  charged  with  the  work  of  such  removal,  but ^  the  horse-power 
represented  by  the  air-pump,  whether  merged  in  that  of  the  engine 
directly,  or  produced  independently,  should  be  credited  to  the  main 
engine  as  it  is  a  part,  although  not  a  useful  part,  of  the  work  done. 
For  the  jacket  pumps  of  course  the  main  engine  must  be  held  re- 
sponsible, as  the  economy  of  the  steam  consmnption  within  the 
cylinders  is  directly  affected  by  the  use  of  the  jackets,  and  their 
power  consumed  should  be  a  credit.  As  to  feed  pumps,  I  do  not 
consider  it  fair  at  all  to  charge  the  main  engine  ^vith  the  steam 
used  by  independent  feed  pumps.  If  you  hold  the  engine  re- 
sponsible at  all  for  feed  pump  work,  it  seems  to  me  that  the  limit  is 
reached  when  you  charge  against  the  engine  the  power  represented 
by  the  pumping  of  the  feed  water  into  the  boilers,  just  as  though 
the  feed  pimip  were  attached  to  the  main  engine.     That  is  to  sav, 
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before  the  comparison  is  made  between  the  powei  given  out  by  the 
engine  and  the  unit  of  consumption  deduct  from  the  indicated 
power  of  the  main  engine  the  power  represented  by  the  pounds  of 
feed  water  multi2)licd  by  the  feet  head  represented  by  the  boiler 
pressure.  In  case  of  an  attached  feed  pump  or  pumps,  this  would, 
of  course,  be  unnecessary. 

The  statement  in  this  paragraph,  that  the  engine  is  finally  bene- 
fited by  the  heat  which  auxiliaries  return  to  the  boilers,  is  not 
correct,  for  the  simple  reason  that  the  benefit  accrues  to  the 
boilers,  and  although  it  saves  fuel  used  in  the  operation  of  com- 
bustion and  saves  heat  during  the  operation  of  absorption  through 
the  heating  surfaces,  the  amount  of  steam  consumed  by  the  engine 
is  not  necessarily  affected  whether  the  water  goes  into  the  boilers 
at  the  temperature  of  melting  ice,  or  at  the  temperature  due  to  the 
working  pressure.  The  steam  passing  through  the  main  steam 
pipe,  supplying  the  jackets,  the  steam  cylinders,  and  if  necessary 
the  air  and  jacket  pumps,  is  the  steam  consumed  by  the  engine 
proper;  and  although  the  boilers  are  w^elcome  to  any  rejected  heat 
resulting  from  the  operation,  the  steam  consumed  by  the  engine 
is  the  steam  passing  into  it  while  it  is  doing  work,  and  the  economy 
of  the  engine  depends  upon  the  relations  between  the  steam  ex- 
pansion, the  jacket  heat,  the  temperature  and  condition  of  the 
final  exhaust,  the  clearances,  and  other  details.  Therefore,  it 
seems  to  me  that  your  Committee  is  really  dealing  with  ^^  plant 
testing  '^  and  not  ^^  engine  testing." 

Of  course,  it  is  possible  enough  to  consider  the  steam  engine 
as  a  heat  engine  in  the  strict  sense,  but  it  seems  to  me  tha^  such 
a  course  is  not  parallel  with  the  present  report,  and  not  consistent 
with  the  use  of  the  same  term  applied  to  what  would  appear  as 
"  combustion  "  engines.  To  be  strictly  scientific,  wdien  using  the 
term  "  heat  engines  "  all  of  the  heat  rejected  by  the  steam  engine, 
whether  returned  to  the  boilers  or  not,  should  be  deducted  from 
the  amount  of  heat  received  in  the  steam.  This  brings  us  back  to 
the  expression  of  a  heat  unit  test  of  a  plant,  instead  of  a  heat  unit 
test  of  an  engine;  and  would  give  a  steam  unit  test  of  the  engine, 
and  a  heat  unit  test  of  the  plant. 

The  last  portion  of  paragraph  2  shows  the  wide  difference 
betw^een  a  steam  engine  and  a  combustion  engine;  and  the  only 
way  to  really  bring  all  engines  into  the  same  fold  upon  the  heat 
unit  basis  is  to  ascertain  the  heat  units  of  the  coal  burned  under  the 
boilers,  exactly  as  you  ascertain  the  heat  units  of  the  oil  or  gas 
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fuel  for  the  combustion  engine;  and  then  compare  the  heat 
units  possible  to  develop  by  the  combustion  of  the  selected  fuel, 
with  the  indicated  power  of  the  engine.  The  mere  fact  of  burning 
the  fuel  under  or  in  a  boiler  instead  of  in  a  cylinder,  is  only  a 
matter  of  detail  after  all,  if  you  are  going  to  charge  up  the  heat 
units  produced,  and  credit  the  power  developed. 

In  paragraph  3  the  confinement  of  the  indicated  power  to 
the  net  power  of  the  main  working  cylinders  I  have  already 
touched  upon,  and  can  not  but  consider  such  a  procedure  as 
inconsistent  ^vith  what  we  are  searching  for. 

Paragraph  4  opens  up  the  entire  question  as  to  whether  a 
concise  and  strictly  steam  test  should  be  made  of  a  steam  engine, 
or  whether  the  element  largely  embodying  plant  testing  should 
be  adopted.  I  have  always  been  in  favor  of  a  strictly  steam  test  as 
being  the  more  scientific  of  the  two  methods,  and  as  being  the 
more  useful  to  the  steam  engine  builder,  the  heat  unit  test  offering 
temptations,  or  at  least  opportunities,  for  builders  in  competition 
to  throw  some  of  the  burden  of  the  ultimate  economy  to  which 
a  power  user  is  entitled,  regardless  of  the  engine,  upon  something 
besides  the  engine  power.  Engine  builders,  of  course,  have  plenty 
of  pride  and  ambition  according  to  their  lights,  but  some  of  them 
do  not  seem  to  have  so  many  or  so  bright  lights  as  others. 

Paragraph  5  it  seems  to  me  is  better  applicable  where  esti- 
mates for  requirements  are  wanted  than  for  engine  tests,  or  for 
a  standard  of  efiiciency  where  comparisons  are  desirable  in  adjust- 
ing damages  or  shortages  under  contracts. 

Paragraph  6  suggests  the  same  remarks  concerning  which 
method  should  be  primary  and  which  one  should  be  secondary.  I 
think,  that  the  dry  saturated  steam  is  the  proper  one  for  steam 
engines,  with  air  pumps  and  jacket  pumps  reckoned  in  the  gross 
power,  and  with  the  friction  of  the  main  engine,  and  the  power  of 
the  prime  auxiliaries,  considered  as  the  tare  or  the  difference 
between  the  useful  efficiency  and  100  per  cent.  Then  count  as 
subsidiary  all  heat  unit  tests,  which  depend  for  their  expressions 
upon  the  efficiencies  of  other  elements  of  the  plant  than  the  engine 
proper ;  that  is  to  say,  I  consider  the  heating  of  feed  water  by 
rejected  heat,  the  quality  and  manipulation  of  coal,  and  other 
details  of  general  operation  of  a  plant  as  certainly  embodying 
subsidiary  efficiency. 

In  the  second  portion  of  paragi'aph  6  which  I  heartily  en- 
dorse, occurs  a  statement  which  encourages  me  in  the  idea  that  the 
53 
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contract  requirements  furnish  the  principal  object  for  the  test, 
and  whenever  and  wherever  such  an  object  is  completely  met,  all 
desired  scientific,  practical  and  constructive  knowledge  will  be 
easily  found  at  hand,  for  the  reason  that  the  use  of  the  engine  is 
its  cause  for  existence,  and  its  use  consistent  with  its  purposes  and 
surroundings  can  not  be  well  overtopped  by  other  considerations ; 
but  it  will  be  unwise  to  endeavor  to  give  a  method  of  such  breadth 
that  it  will  be  too  thin  in  spots,  or  else  we  may  not  secure  a  good  fit 
at  some  particular  points  desirable. 

Paragraph  7  mentions  an  important  item  to  steam  engine 
owners,  and  that  is  the  commercial  test  which  smacks  a  little  of  the 
proposed  standard  method;  but  combination  testing  needs  articu- 
lation so  that  the  actual  bearings  may  be  perceived  and  set  forth. 
Of  course,  when  a  plant  is  in  place  and  owned  by  somebdy,  there 
is  generally  a  strong  feeling  that  it  must  be  gotten  along  with 
somehow,  but  the  mere  statement  of  pounds  of  coal  per  horse- 
power and  per  hour,  cannot  reveal  the  virtues  and  failings  of  the 
plant  as  a  whole ;  a  good  engine  and  a  bad  boiler  show  the  same 
results  as  a  good  boiler  and  a  bad  engine  in  a  combination  test. 

The  recommendation  in  paragraph  8  is  a  proper  one  in  my 
opinion,  and  will  be  found  in  the  long  run  to  be  on  the  side  of  the 
most  constant  economy. 

I  will  briefly  go  over  the  "  Rules  for  Conducting  Steam  Engine 
Tests.    Code  of  1902.'' 

I.  I  follow  the  text  of  this  rule  very  closely  in  practice,  and  it 
will  be  found  advantageous  to  be  extremely  specific,  even  going  so 
far  as  to  carefully  digest  the  reasons  and  conditions  which  bring 
about  a  test,  and  commit  to  paper  a  consistent  line  of  action  which 
shall  guide  throughout  the  test.  Especially  in  connection  with  the 
satisfaction  of  a  contract,  it  is  particularly  necessary  to  have  the 
line  of  action  and  determinations  fully  understood  and  agreed 
upon  beforehand. 

II.  This  rule  is  plain  enough  as  far  as  it  goes,  but  sometimes, 
in  case  of  a  disagreement  between  a  seller  and  a  buyer  of  a  steam 
engine  newly  put  in,  an  expert  is  called  in  to  determine  merits  of 
the  case  just  as  it  exists  and  the  test  has  to  be  made  "  red-handed,'' 
so  to  speak.  Of  course,  there  are  ways  k)  meet  such  conditions 
which  must  be  left  mostly  to  the  judgment  and  good  sense  of  the 
referee. 

The  detailing  of  methods  of  ascertaining  if  the  pistons  and 
valves  leak,  are  probably  as  explicit  as  can  and  need  be;  but  much, 
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espc^eially  as  to  the  Jctorniinntion  of  tlio  quantity  of  loakage,  must 
be  left  to  the  person  conducting  the  test. 

III.  A  part  of  this  ruk^  deals  with  the  measurement  of  clear- 
ances or  waste  room,  and  this  item  is  probably  as  troublesome  as 
any  to  be  met  with  in  any  of  the  operatioas.  The  pouring  of 
water  into  waste  spaces  is  a  rather  doubtful  experiment,  and 
oftener  unsatisfactory  than  otherwise  in  determining  the  cubical 
contents.  I  w^ould  much  prefer  the  calculation  of  the  drawings, 
and  believe  the  latter  course  to  be  the  most  trustworthy,  in  fact 
far  more  accurate  than  depending  upon  valves  and  pistons  w^hich 
are  operated  in  hot  steam,  as  to  their  possibilities  for  holding  prac- 
tically cold  water,  sufficiently  safe  to  keep  the  determinations 
within  reasonable  accuracy.  In  any  engine  sufficiently  important 
to  demand  a  close  decision,  there  will  no  doubt  be  blueprints  or 
drawings  to  figure  from,  which,  with  the  facilities  for  checking 
by  some  measurements  w^hich  may  be  taken  from  the  engine  itself, 
^vill  afford  the  information  desired. 

IV.  With  reference  to  coal,  the  remarks  are  well  made,  and 
should  be  followed  consistently  where  possible.  I  have  known  of 
disputes  over  that  very  item  of  coal  where  contractors,  in  claiming 
the  "  best  coal  to  be  obtained  in  the  market,"  demanded  the  use  of 
coal  which  would  have  to  be  brought  from  afar,  and  not  usually 
found  in  the  "  local  '^  market.  The  standards  of  the  A.  S.  M.  E. 
Transactions  should  be  mentioned  in  contracts  wherever  possible, 
and  it  would  be  well  for  members  of  the  Society  to  make  a  practice 
of  rendering  decisions  upon  this  basis,  especially  with  reference 
to  locality,  whenever  a  doubt  in  a  contract  gives  them  an  oppor- 
tunity to  do  so. 

V.  The  importance  of  calibration  of  instruments  goes  without 
saying  as  to  guages,  thermometers,  indicator  springs,  and  the  like. 
I  do  not  rely  very  much  on  water  meters  for  determining  quantity 
of  water  fed  to  boilers :  there  are  too  manv  variations  with 
temperature,  etc.  I  know  that  there  are  many  w^ell-meaning  advo- 
cates of  meters,  interested,  disinterested  and  otherwise ;  some  not 
wanting  to  take  the  trouble  of  tank  weighing  or  measuring ;  but, 
when  I  want  to  know^  the  facts,  I  do  not  want  to  be  exposed  to  the 
percentage  of  errors  possible  in  meters. 

VI.  Concerning  leakages  the  remarks  are  appropriate  and  to 
the  point,  but  I  fancy  that  there  are  as  many  anxieties  about  a  sur- 
face condenser,  its  connections  and  possibilities,  as  concerning 
steam  pipes  and  other  initial  chances  for  untallied  losses.     Of 
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course  absolute  assurance  must  be  bad  as  to  tigbtness  or  absence 
of  leakiness  of  all  pipes  and  connections  wbich  would  vitiate  tbe 
conclusions.  Blanking  off  pipes  is  sometimes  necessary,  altbougb 
o})en  outlet  valves  on  a  pipe  supposed  to  be  sbut  off  will  often 
eitber  give  tbe  desired  assurance  or  dictate  blanking.  Tbe  Com- 
mittee certainly  gives  evidence  of  fully  appreciating  tbe  value  and 
necessity  of  certainty  tbat  no  unknown  items  of  tbis  kind  exist; 
all  precautions  in  every  otber  function  of  a  test  would  come  to 
naugbt  in  tbe  presence  of  in  or  out  leakage. 

VII.  Regarding  time  of  duration  of  tests,  I  follow  tbe  rule 
wberever  possible  of  twelve  bours  for  a  steam  test  and  eigbteen 
bours  for  a  coal  test;  and  unless  conditions  exist  wbicb  cannot  by  any 
means  be  modified — ^wbicb  is  really  seldom — tbe  above  mentioned 
times  will  be  found  to  be  quite  satisfactory.  In  a  factory  or  sbop 
wbere  tbe  regualr  units  of  time  are  ten  bours  for  a  day's  work, 
a  steam  test  and  even  a  coal  test  may  be  made  to  do.  I  note  tbat 
tbe  committee  admits  five  bours,  wbicb  altbougb  ratber  sbort  even 
for  a  feed  water  test  can  be  made  to  do  in  appropriate  bands  and 
under  favorable  conditions ;  for  any  kind  of  a  fire  test  I  sbould 
not  be  satisfied  witb  five  bours,  as  tbe  manipulation  of  a  "  fat  fire  " 
at  commencement  and  a  "  lean  fire  ''  at  tbe  finisb  would  alter  tbe 
facts  by  considerable  percentages. 

VIII.  Tbe  starting  and  stopping  of  a  test  is  strictly  ortbodox  as 
far  as  I  can  perceive,  at  least  I  fully  agree  witb  tbe  plan,  and 
generally  follow  pretty  closely  tbe  lines  laid  down  in  tbe  report. 
Tbe  novice  wbo  is  a  stickler  for  tbe  exact  scratcb  on  even  bours 
for  start  and  finisb,  will  soon  be  taugbt  by  experience  tbat  it  does 
not  matter  bow  many  odd  minutes  tbere  may  be  in  tbe  run,  as  tbe 
beautiful  laws  of  averages  and  decimals  will  bring  a  perfect 
balance;  tbe  main  tiling  is  to  know  wben  tbe  test  really  com- 
mences, and  wben  tbe  conditions  necessary  to  be  identical  at  start 
and  finisb  are  really  so.  Tbe  scrutinizing  of  fires  for  condition 
at  start  and  finisb,  and  tbe  cleaning  and  putting  into  condition 
of  tbe  fires,  requires  mature  judgment  and  sbould  be  conducted  by 
more  tban  one  person  wbere  possible.  Tbe  conditions  are  well 
laid  down  in  tbe  rules  and  need  little  comment. 

IX.  Tbe  measurement  of  tbe  results  by  beat  units,  I  never  did 
take  to  kindly  and  I  bave  already  commented  sufficiently,  or  too 
mucb,  upon  tbis  point.  In  tbe  first  and  second  paragrapbs  tbe 
uncertainties  to  be  met  witb  are  outlined,  and  to  my  mind  offer 
arguments  against  tbe  system.    I  bold  tbat  feed  pumps  and  pipes, 
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iieatcrs,  separators,  and  all  other  extraneous  elements  arc  not  part 
of  a  steam  engine  or  its  work,  and  that  the  weight  of  steam  de- 
livered at  the  throttle  and  brought  to  a  basis  of  ''  dry  saturation  " 
is  all  that  is  necessary,  and  all  that  the  engine  is  responsible  for  or 
chargeable  with.  The  engine  takes  the  steam  and  turns  out  what 
dynamic  energy  it  can  Avith  the  weiglit  supplied;  using  power  to 
overcome  its  own  friction  and  the  resistance  of  the  appliances  for 
maintaining  the  vacuum  Avhicli  gives  the  help  of  the  ''  bottom 
atmosj)here;''  also  whatever  work  is  nececsary  for  keeping  the 
steam  jackets  and  the  like,  in  proper  condition.  Beyond  this  a 
steam  engine  cannot  reach,  and  as  the  weiglit  and  quality  of  the 
-team  must  be  ascertained  even  for  the  heat  unit  basis,  I  see  no 
reason  why  the  steam  test  should  not  be  standard,  and  the  heat 
units  grouped  and  manipulated  by  outside  elements,  come  in  as 
subsidiary. 

In  the  third  paragraph  in  discussing  the  steam  used  for  auxili- 
aries, the  Committee  incidentally  strengthens  the  idea  that  a  con- 
tract is  generally  the  basis  and  object  of  a  test. 

X.  Remarks  upon  measurements  of  feed  water  or  steam  con- 
sumption are  to  the  point  and  cover  the  ground  in  a  satisfactory 
manner,  and  the  Committee  give  very  concise  and  useful  informa- 
tion concerning  the  weighing  and  manipulation  of  the  feed  water. 

XI.  This  section  seems  to  be  sufficiently  full  and  comprehen- 
sive to  answer  all  purposes,  with  the  understanding,  of  course, 
that  extraordinary  conditions  are  to  be  treated  as  the  situation  best 
dictates. 

XII.  The  remarks  on  coal  measurements  and  commercial  tests 
seem  to  be  comprehensive,  and  when  these  rules  are  adopted  as  I 
presume  they  will  be,  in  the  present  form,  all  members  of  the 
Society  should  make  it  a  point  to  follow,  as  far  as  possible,  the  sub- 
ject of  coal  and  coal  tests,  as  laid  down  in  the  final  report,  as  the 
matter  of  kind  and  mine  of  coal,  method  of  scrutinizing  and  gaug- 
ing the  fires,  and  kindred  items,  have  often  been  in  dispute  where 
contractors  have  been  looking  out  sharply  for  their  interests.  A 
persistent  practice  of  following  a  set  of  rules  endorsed  by  the 
A.  S.  M.  E.  will  after  a  while  make  them  not  only  technically 
standard,  but,  to  a  great  extent,  legally  so,  and  thus  ward  off  many 
disagreeable  disputes. 

XIII.  Remarks  on  indicators  are  very  good  and  speak  of  ex- 
perience upon  the  part  of  the  Committee.  As  to  the  number  and 
time  of  taking  the  diagrams,  I  fully  agree  that  exactness  in  coin- 


830     llErORT   OF  COMMITTEE    ON   STANDARDIZING   ENGINE    TESTS. 

cident  cards  is  not  necessary,  and  in  nearly  all  cases  will  make  no 
diflerence  in  the  general  results.  I  believe  in  taking  a  good  many 
cards  and  have  tried  taking  cards  all  day  as  fast  as  possible,  mov- 
ing from  one  indicator  to  the  other  regardless  of  coincidence  for 
any  one  cylinder  or  other  cylinders,  and  found  that  the  average 
will  make  up  quite  as  well  as  the  most  punctilious  regard  to 
isochronal  efforts.  I  have  often  used  the  repeating  method  of 
taking  diagrams,  that  is,  taking  a  number  on  one  card,  and  have 
a  case  in  view  where  fifty  diagrams  made  no  broader  line  than  a 
rather  dull  pencil  would  have  accomplished  in  going  over  once;  I 
cleaned  up  the  indicator  piston  and  spring,  and  made  sure  that 
perfect  freedom  of  motion  of  the  indicator  existed,  as  such  steadi- 
ness of  motion  in  the  engine  did  not  seem  probable.  But  the 
evidence  was  not  to  l)e  doubted,  several  trials  demonstrating  the 
steadiness  of  revolution  as  being  well  nigh  perfect;  the  load  was 
quite  a  large  number  of  machine  tools  doing  light  w^ork,  so  that 
the  possible  percentage  of  variation  was  very  small  in  the  change- 
able energy,  while  the  power  represented  by  the  line  shafting, 
counter  shafting  and  tools  heads  was  quite  a  large  proportion  of 
the  total. 

Indicator  pipes  are  of  themselves  a  study  at  times,  and  beyond 
getting  the  steam  in  and  out  of  the  indicator  as  quickly  as  the 
surroundings  will  permit,  little  can  be  said.  With  reference 
to  the  influence  of  indicator  pipes  longer  or  shorter,  I  have  seen 
long  pipes  work  both  ways  under  different  conditions ;  that  is,  with 
the  ordinary  three-way  cock  and  pipes  half  the  length  of  the 
cylinder  the  usual  effect  is  perhaps  mostly  to  increase  the  diagram ; 
but  in  a  case  of  a  certain  pumping  engine  with  Corliss  valves  across 
the  cylinder  heads,  the  arrangement  of  the  steam  jackets  and  other 
details  made  necessary  rather  long  indicator  pipes  even  at  each  end 
of  the  cylinders,  especially  on  the  low-pressure  cylinder;  the  result 
was  that  the  sluggishness  of  the  steam  in  getting  out  to  the  in- 
dicator prevented  the  full  initial  pressure  being  realized  in  the 
indicator,  and  the  indicated  power  of  the  steam  end  of  the  engine 
was  less  than  the  power  represented  by  the  water  pumped,  thereby 
showing  an  apparent  efliciency  in  the  engine  of  about  105  per  cent., 
which  looked  very  much  like  perpetual  motion.  Perhaps  if  some 
form  of  dynamometer  could  be  used  in  checking  tests  of  mill 
engines  some  such  results  might  occasionally  be  met  with. 

XV.  With  reference  to  brake  horse-power,  I  have  little  to  do 
with  such  methods  of  tests,  as  the  work  falling  my  way  has  been 
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too  "  powerful  "  to  admit  (»!'  tlic  use  of  braki;  deterininatiuns, 
although  1  shouhl  judge  that  the  (h'vicc  iUustrated  wouhl  be;  desir- 
able wirhiu  its  liuiits. 

XVI.  The  remarks  on  quality  of  steam  seem  to  cover  the 
m'ouiid  satisfaetorilv,  and  the  method  laid  down  coneerninc;  calori- 
nutter  })erformance  seems  to  be  unobjectionable,  although  some 
trilling  variations  in  detail  might  be  i^ractised. 

XVJI.  For  ordinary  work  in  reckoning  speeds  of  engines,  no 
doubt  the  revolution  counter  is  so  far  the  most  practicable  and 
best  means,  and  its  readings  will  permit  of  averaging  the  speed  as 
to  revolutions  per  minute  to  any  extent  of  decimals,  which  answers 
every  purpose.  The  variations  in  angular  velocity  evidently  need 
some  further  study  before  standards  are  established,  although 
satisfactory  determinations  may  now  be  made  when  necessary. 

XVIIL  With  reference  to  recording  the  data,  although  a  log- 
sheet,  suggested  by  the  Committee,  might  not  be  imperative,  it 
adds  to  the  value  of  the  report  to  present  what  could  be  a  standard 
log-sheet  or  book,  and  which  in  many  cases  could  be  used  in  part  or 
mostly,  even  if  not  completely. 

XIX.  In  the  great  majority  of  cases  I  do  not  consider  extreme 
uniformity  of  conditions  as  requisite,  as  the  laws  of  average  within 
fairly  broad  limits  will  balance  errors  to  a  remarkable  extent. 
Still  it  is  a  good  idea,  and  perhaps  in  some  cases  necessary;  it  is 
always  well  to  have  the  ideal  conditions  and  efforts  right  up  to  the 
theoretical  level  in  the  operator's  mind  at  least,  as  such  a  mental 
attitude  will  act  as  a  spur  and  hold  a  man  up  against  patience- 
trying  obstacles.  If  the  science  of  mind  can  always  be  kept  a  little 
in  advance  of  the  actual  practice  a  tendency  to  improve  Avill  no 
doubt  exist. 

XX.  Remarks  on  '^  Heat  Analysis  "  are  w^ell  put  and  are  suffi- 
cient in  a  general  statement,  which  this  paragraph  must  neces- 
sarily be. 

The  study  of  "  combination  diagrams  ''  is  very  interesting,  and 
should  be  carefully  heeded  by  at  least  one  party  to  a  test  where 
satisfaction  of  a  contract  is  to  be  ascertained.  The  user  cares 
nothing  about  the  matter,  but  the  builder  needs  to  know  wdiy  he 
succeeds  or  fails  in  what  he  undertakes,  and  wdiere  the  path  of 
advancement  lies. 

I  scarcely  see  the  importance  of  the  '^  commercial  cut-off ''  in  a 
code  of  rules,  although  there  is  no  objection  to  it.  It  seems  to  me 
like  padding  the  code,  so  to  speak.     The  real  cut-off  is  probably 
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where  the  curve  reverses  from  the  "  choking-off  "  of  the  inrushing 
steam  to  the  beginning  of  the  actual  expansion.  The  best  effects  in 
steam  cylinders  cannot  be  obtained  without  approximately  correct 
expansion,  and  the  final-  determination  of  good  economical  effects 
is  proper  evidence  that  the  cut-off  has  taken  place  with  sufficient 
sharpness  to  separate  the  expansion  of  the  entire  body  of  steam  back 
to  the  boiler  or  receiver,  from  the  expansion  of  the  smaller  body 
of  steam  entrapped  within  the  cylinder  by  the  closing  of  the  in- 
duction valve.  The  diagram  itself  gives  the  only  possible  evidence 
of  the  point  of  cut-oft"  for  detaching  cut-off  gear,  because  the  drop 
of  the  cut-off  with  vacuum  pots  or  with  weights,  is  practically 
constant,  while  the  point  in  the  stroke  at  which  the  suppression 
actually  takes  place  with  a  certain  point  of  detachment  depends 
upon  the  flight  of  the  piston  during  the  drop. 

The  ratio  of  expansion  and  the  diagram  factor  are  well  stated, 
and  assist  greatly  in  keeping  the  ideals  of  the  engine  builder  at  a 
respectably  high  level.  I  am  inclined  to  the  opinion,  however,  that 
such  considerations  are  strictly  to  be  considered  among  the  mental 
tools  of  the  expert,  rather  than  as  a  part  of  a  code  of  methods. 

XXI.  Kemarks  under  "  Standards  of  Efficiency  '^  do  not  change 
my  views  as  to  placing  the  steam  consumption  basis  in  first  place, 
and  the  remarks  in  fine  print  in  section  xxi.  tend  to  show  that 
the  standard  method  will  represent  a  plant  test  instead  of  an 
engine  test.  Whatever  the  Committee  finally  decides  upon  and  the 
Society  adopts  I  shall  fully  indorse  and  act  upon,  but  impressions 
upon  one's  mind  are  rather  automatic  and  sometimes  difficult  to 
subjugate,  although  possible  to  control. 

XXII.  and  XXIII.  These  sections  speak  for  themselves  and  do 
not  call  for  any  particular  comment  as  I  can  see. 

With  reference  to  the  rules  for  conducting  tests  of  gas  and  oil  i 
engines,  I  am  not  particularly  interested  in  the  operation  of  such  ' 
engines,  but  the  ground  seems  to  be  well  covered,  involving  as  it 
does  the  matter  of  caloric  directly  used  instead  of  employing  a 
vehicle  to  transport  the  heat  from  the  point  of  generation  to  that 
of  usefulness.  It  is  real  heat  unit  testing,  as  nothing  intervenes 
between  the  production  and  use  of  the  heat  in  the  same  machine. 

The  tables  giving  data  and  results  of  steam  engine  tests  are  well 
thought  out,  and  no  doubt  cover  practically  all  that  is  needed  in 
the  way  of  a  log.  Occasions  will  of  course  arise  needing  something 
not  foreseen  by  the  Committee,  but  the  value  of  the  proposed 
log-sheet  consists  in  having  one  which  is  sensible  and  consistent, 
upon  which  to  base  a  test. 
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Mr.  Charles  L.  IJcislcr. — The  Committee,  in  referring  to  calo- 
rimeters under  Section  x\  i.  "  Quality  of  Steam,"  writes : 

''  We  recommend  that  a  separator  should  be  introduced  before 
making  a  test,  so  as  to  free  the  steam  of  all  moisture  that  it  is 
})0ssible  to  remove,  the  calorimeter  being  attached  beyond  the 
separator." 

Having  become  interested  in  the  subject  of  calorimetry,  when 
a  student  in  18SS,  I  naturally,  like  others,  experimented  and 
devised  improvements  in  such  apparatus,  and  consequently  rel- 
ished the  perusal  of  the  many  pages  of  very  valuable  experi- 
mental data  and  expressions  of  opinions  recorded  by  experts  in  the 
Transactions  of  the  Society.  Prom  a  study  of  the  development 
of  calorimetry,  as  brought  out  in  the  papers,  I  believe  even  the 
most  casual  students  of  the  subject  agree  with  what  is  in  part 
suggested  by  the  above  quotation  from  the  Committee's  report, 
i.e.,  when  making  a  refined  test,  the  perfect  separation  of  all  mois- 
ture from  the  steam  just  before  it  enters  the  engine  is  of  primary 
importance ;  and  since  it  is  impossible  to  get  a  sample  of  the  steam 
mixture  from  which  can  be  accurately  determined  the  percentage 
of  moisture,  the  calorimeter  should  be  used  to  indicate  or  detect 
any  trace  of  moisture  which  may  pass  through  the  separator;  in 
other  words,  its  function  should  be  to  detect  the  slightest  imperfec- 
tion in  the  working  of  the  separator,  rather  than  to  attempt  the  im- 
possible task  of  accurately  measuring  the  actual  amount  of  mois- 
ture mixed  with  the  steam  passing  to  the  engine. 

It  is  apparent  that  when  seeking  accurate  results,  the  com- 
mercial separator,  although  amply  efficient  when  doing  the  every- 
day work  for  which  it  was  designed,  is  not  near  enough  to  perfec- 
tion for  use  in  refined  tests;  furthermore,  it  is  well  known  that  a 
very  much  higher  degree  of  refinement  has  been  secured  under 
less  favorable  conditions  than  those  which  are  met  in  the  problem 
before  us;  as  shown  by  cream  separators,  W'hich  practically  reach 
perfection  in  removing  nearly  every  trace  of  cream  from  milk. 

In  the  year  of  1896,  while  teaching  at  the  Pennsylvania  State 
College,  I  was  very  much  impressed  with  the  data  furnished  me  by 
a  capable  chemist  in  the  agriculture  department,  who  stated  that 
often  they  find  but  a  very  slight  trace  of  cream  after  separation 
under  favorable  conditions,  and  usually  about  thtVo"  P^^'t  of  the 
cream  remains  in  the  skimmed  milk.  This  certainly  emphasizes 
the  possibility  of  an  easy  solution  of  the  separation  problem, 
particularly  when   considering  that  equal  volumes   of  skimmed 
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Fig.  142. —Fan  Separator. 
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milk  niul  eroam,  when  weighed,  arc  approximately  as  [J;  whereas 
moisture  and  dry  steam  give  roughly  at  least  a  ratio  of  i<><*y  in 
favor  of  perfect  separation.  To  try  the  experiment  promptly 
suggested  itself  and  resulted  in  the  sketching  out  a  separator  oi 
which  the  device  shown  in  Fig.  142  is  a  slight  modification  in 
form.  The  material  for  the  apparatus  was  furnished  by  the 
Engineering  Department  of  the  Pennsylvania  State  College.  The 
api^aratus  Avas  made  by  two  senior  students  and  experimented  with 
by  junior  students  at  the  end  of  the  spring  session.  Unfortunately, 
the  close  of  the  tenn  gave  time  for  only  a  sufficient  number  of 
runs  to  show  that  the  apparatus  readily  separated  even  when  a  jet 
of  water  admitted  some  distance  above  the  apparatus  gave  a 
mixture  containing  50  per  cent,  water.  The  excess  of  water  was 
first  trapped  in  the  upper  separating  chamber  5,  and  from  there  it 
])assed  back  of  the  serrated  and  perforated  shield  7  directly  to  the 
catch  chamber  6.  Only  the  ^'  mist "  or  fine  particles  of  moisture 
held  in  suspension  i:>as6ed  doA\ni  through  the  throat  8,  and  met  the 
rapidly  revolving  fan  9  arranged  directly  over  the  exit  10.  Evi- 
dently the  conical  centrepiece  of  the  fan  obliged  every  particle  of 
steam  to  pass  its  vanes  twice,  as  showTi  by  the  dart,  so  that  it  was 
reasonable  to  expect  that  it  proved  an  effective  barrier  to  even  the 
slightest  trace  of  moisture,  particularly  when  considering  that  the 
fan  may  be  revolving  at  least  5,000  revolutions  per  minute  and 
upAvard.  The  fan  may  be  driven  by  any  suitable  motor.  When 
not  in  motion  the  apparatus  acts  as  a  commercial  separator. 

The  first  impression  was  that  we  might  have  considerable  wire 
drawing  and  a  slight  amount  of  superheat  due  to  the  heat  equiva- 
lent of  work  done  by  the  fan.  Gauges  did  not  show  any  difference 
in  pressure,  whicli  appears  partly  to  be  due  to  the  suction  of  the 
upper  fan  vanes  being  greater  than  the  resistance  of  the  lower 
vanes ;  and  because  the  passages  through  the  traps  or  separator 
are  large  when  compared  with  the  steam-pipe  area.  It  appears 
that  superheating  would  have  been  desirable,  since  it  would  have 
been  proof  of  the  dryness  of  the  steam,  and  would  have  been 
easily  allowed  for;  however,  the  very  small  heat  equivalent  of 
the  fan's  work  became  infinitely  minute  as  compared  with  the 
immense  vo-lume  of  heat  passing  through  the  apparatus,  so  that  no 
superheat  was  detectable. 

If  it  is  desired  to  check  or  test  the  apparatus,  and  detect  any 
trace  of  moisture  which  may  have  passed  the  fan  which  will 
naturally  collect  in  the  pocket  12,  it  can  be  quickly  done  without 
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calculation  by  the  automatic  measuring  separator  which  is  de- 
tailed in  Fig.  14.S,  and  consists  of  the  usual  separating  trap  A 
and  B,  which  precipitates  the  moisture  into  the  small  tube  F. 
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Fig.  143, 


The  dry  steam  passes  to  the  left  and  comes  in  contact  with  the 
condensing  tubes  C,  and  is  collected  in  the  larger  tube  G. 

To  determine  without  calculation  the  percentage  of  moisture  in 
the  mixture  trapped  at  12  in  the  bottom  of  the  large  separator, 
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shown  in  Fig.  112,  il  i>  only  necessary  to  luljusl  the  .small  pet 
cocks  oil  the  ineasuring  separator,  so  that  the  li(j[uid  levels  in  both 
lubes  (/  ami  F  coincide  witli  zero  readiim-s  on  the  scales  L  and 
A'.  The  length  of  these  scales  is  divided  in  the  same  proportion 
as  the  volnmes  of  the  tubes  G  and  F,  which  are  as  \" .  After  ad- 
justing the  ]i(|nid  levels  at  zero  readings,  both  cocks  are  closed; 
the  rightdiand  scale  bar,  or  rack  N^  is  moved  upward  so  that  the 
j)ointer,  now  shown  at  zero,  follows  the  liquid  level  upward. 
[Meantime  the  small  gears  having  a  ratio  of  ^i"  cause  the  other 
pointer  on  bar  M  to  move  Vo  i^s  fast  downw^ard  from  the  100  read- 
ing, until  such  time  as  it  coincides  with  the  liquid  level  in  the  glass 
of  the  larger  tube  G.  The  scale  readings,  taken  when  both 
pointers  coincide  with  their  respective  levels,  correspond  to  the 
relative  percentage  of  liquids  collected  in  the  two  tubes,  and  con- 
sequently the  percentage  of  moisture.  By  clamping  the  gears, 
the  result  can  be  immediately  checked  by  again  lowering  the 
liquid  levels  to  zero,  then  closing  the  cocks,  and  without  touching 
the  apparatus  noting  that  both  liquid  levels  in  the  glasses  co- 
incide at  the  same  instant  with  the  scale  pointers.  Manifestly 
a  throttling  calorimeter  will  answer  for  the  same  purpose,  but  it  is 
not  so  convenient,  requiring  considerable  calculation. 

It  is  not  clear  to  me  why  a  much  better  or  fairer  sample  can  be 
obtained  from  an  upward  flow  of  steam  than  from  a  downward 
flow,  as  we  all  well  know  that  liquid  particles  adhere  to  the  walls 
of  an  exhaust  pipe  whether  it  discharges  upward  or  downward, 
the  mixture  arranging  itself  in  the  same  manner  in  either  case; 
the  heavier  particles  find  their  way  to  the  walls  and  out  of  the 
SAvifter  central  current  because  of  the  eddying  action  due  to  the 
frictional  resistance  and  adhesion  of  the  retaining  walls.  This 
may  be  due  to  the  fact  that  the  effect  on  the  moisture  produced 
by  the  impelling  forces  causing  the  rapid  flow  is  very  great  as 
compared  Avith  the  effect  of  gravity,  so  that  the  influence  of  the 
latter  is  practically  nil  A\dth  steam  flowing  one-half  to  one  mile 
a  minute,  more  or  less.  It  may  be,  however,  that  the  results  of 
somebody's  experiments  upset  such  reasoning. 

Jl/r.  ^Vm.  S.  Monroe. — There  are  a  number  of  things  in  the 
report  of  the  Committee  which,  from  my  personal  experience  in 
the  testing  of  engines,  I  cannot  but  take  this  opportunity  to 
criticise.  The  Committee  has  evidently  gone  very  exhaustively 
into  the  many  methods  which  have  been  current  for  testing 
engines  and  the  various  ways  of  figuring  their  efficiences,  but 


838    REPOKT  OF  COMMITTEE   ON   STANDARDIZING  ENGINE  TESTS. 

it  seems  to  me  that  they  have  endeavored  to  harmonize  these 
various  systems  rather  than  adopt  a  simple  and  concise  method  of 
testing  which  shall  bring  out  a  definite  and  incontrovertible 
standard  of  determining  their  efficiences. 

The  report  is  intended  to  present  a  method  of  testing  an  engine, 
and  yet  it  includes  a  complete  test  not  only  of  the  condenser,  but 
also  of  the  feed  pumps  and  boilers  and  to  some  extent  of  the 
piping  as  well.  I  am  very  strongly  of  the  opinion  that  the  engine 
test  should  stop  with  the  engine,  and  that  the  efficiencies  should 
be  figured  between  the  heat  in  the  steam  at  the  throttle  and  that 
in  the  steam  in  the  exhaust  pipe  just  outside  of  the  low-pressure 
cylinder.  In  the  large  plants  of  to-day  the  condenser  arrange- 
ments are  so  varied  that  they  cannot  be  considered  to  form  any 
positive  portion  of  the  engine  itself.  In  very  few  plants  is  the 
air  pump  driven  by  the  engine,  or  by  an  engine  which  is  at  all 
comparable  in  economy  with  the  main  engine,  and  in  many  there 
is  one  large  condenser  which  takes  the  exhaust  from  several  en- 
gines. In  any  case  the  efficiency  of  the  main  engine  has  nothing 
to  do  with  the  method  of  driving  the  auxiliaries.  Consider  an 
engine  of  1,000  indicated  horse-power  operating  on  thirteen  (13) 
pounds  of  steam.  The  air  pump  and  circulating  pump,  if  there  is 
one,  may  be  driven  in  several  different  ways.  We  may  take  three 
for  example,  as  follows:  (a)  direct,  (h)  separate,  (c)  electrically. 
The  pumps  require,  say  50  horse-power.  In  case  (a)  the  pump- 
steam  consumption  wdll  be  650  pounds  per  hour;  (b)  will  require, 
say  4,000;  (c)  about  900  pounds  per  hour.  Other  things  being 
equal,  what  is  the  efficiency  of  the  engine  under  these  conditions  ? 
The  water  consumption  in  the  three  cases  is — (a)  13,650,  (6) 
17,000,  (c)  13,900;  or  per  indicated  horse-power  of  the  main 
engine — 13.0,  17. 0  and  13.9  pounds  respectively.  But  if  we  drive 
our  pumps  electrically,  then  according  to  page  4  of  the  report  we 
need  not  take  their  steam  consumption  into  account  at  all.  Could 
anything  lead  to  more  confusing  comparisons? 

In  case  (h)  in  actual  practice  the  exhaust  of  the  air  pump  would 
in  all  probability  go  to  the  receiver  of  the  main  engine,  or  to  a  feed- 
water  heater,  and  even  the  "  long  form  "  of  report  does  not  to  my 
mind  adequately  account  for  the  heat  that  it  thus  given  back  to  the 
plant ;  at  least  so  as  to  credit  the  engine  with  it. 

Again,  engines  are  frequently  sold  on  a  guaranteed  economy, 
and  I  have  not  met  with  a  case  of  this  kind  in  which  the  air  pump 
was  considered  as  entering  in  any  way  into  the  economy  of  the 
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engine.  In  street  railway  and  electric  lighting  work,  especially, 
1  am  (juite  certain  that  the  guarantee  is  almost  invariably  based 
on  a  certain  condition  of  steam  at  the  throttle  and  a  certain 
vacuum  in  the  exhaust  pipe. 

I  recognize  the  fact  that  the  reports,  both  the  long  and  the 
short  forms,  give  an  opportunity  to  express  the  ethciencies  of  the 
main  engine  alone,  but  I  cannot  but  feel  that  at  least  in  the  "  short 
form  "  all  consideration  of  the  auxiliaries  and  of  the  boiler  plant 
should  be  cut  out  entirely.  In  many  of  the  large  street  railway 
and  lighting  plants  which  are  representative  of  the  best  practice 
of  the  day,  a  complete  test  of  the  station  would  be  a  physical  im- 
possibility; the  only  complete  test  in  such  cases  being  in  the  cost 
sheets  which  show  from  month  to  month  the  cost  per  unit  of  out- 
put of  fuel,  labor,  oil  and  sundries  and  repairs.  It  is  very  pos- 
sible, however,  in  such  cases  to  test  separately  the  boilers,  engines, 
condensers,  pmiips,  heaters,  and  other  auxiliaries,  "and  it  would 
be  of  great  value  to  have  a  code  for  each,  and  we  might  also  have 
a  code  for  testing  the  entire  pl?nt  where  such  a  test  is  possible; 
but  it  seems  to  me  it  would  be  much- more  in  accord  with  the 
tendencies  of  modern  practice  to  make  the  engine  code  refer  to 
the  engine  alone. 

I  would  criticise  especially  the  fact  that  two  "  short  forms  " 
are  proposed  by  the  Committee,  I  plead  here  again  for  simplicity, 
as  I  feel  sure  that  the  simpler  the  code  is  made  the  more  effective 
it  will  be  in  practical  application.  After  stating  specifically  that 
the  weight  of  steam  consumed  is  an  unsatisfactory  measure  of  per- 
formance, and  that  the  standard  of  consumption  for  all  classes  of 
heat  engines  should  be  referred  to  heat  units,  the  Committee 
draws  up  two  short  forms  of  the  code,  one  of  which  ignores  this 
recommendation  entirely.  The  Tables  numbers  2  and  3  differ 
mainly  in  that  in  Table  2  the  weights  of  steam  used  are  reduced 
to  heat  units,  while  in  Table  3  this  is  omitted.  Would  it  not  be 
better  to  add  to  Table  3  the  items  relating  to  heat  units  and  omit 
Table  2  altogether? 

I  have  been  greatly  surprised  to  find  that  there  is  no  mention 
anywhere  in  the  report  of  that  most  satisfactory  analysis  of  the 
steam  engine,  namely,  the  entropy-temperature  diagram.  Until 
recently,  to  include  this  diagram  might  have  involved  an  amount 
of  work  which  would  be  warranted  only  in  a  scientific  investiga- 
tion. "But  since  the  work  of  Henrv  A.  Goldins*,  published  in 
England,  a-nd  of  Prof.   Sidney  A.   Reeve,  in  this  country,   and 
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cs])ecially  by  means  of  the  charts  devised  by  the  latter,  the  prep- 
aration of  the  entropy  diagram  has  become  quite  a  simple  affair, 
and  for  an  adequate  graphic  analysis  which  shows  at  a  glance  the 
heat  losses  in  the  different  parts  of  the  stroke,  the  effect  of  clear- 
ance, contracted  valve  parts,  superheated  steam,  the  extent  of 
cylinder  condensation  and  effect  of  incomplete  exjDansion,  nothing 
yet  devised  can  compare  wdth  this  diagram. 

In  the  practical  testing  of  steam  engines,  important  corrections 
are  sometimes  necessary,  and  it  would  be  very  desirable  if  a  code 
bearing  the  authority  of  this  Society  could  give  a  standard  method 
of  making  these  corrections.  I  have  in  mind  a  guarantee  test  of  a 
1,200  horse-power  engine  in  which  I  was  recently  interested.  The 
contract  stated  that  the  engine  would  be  supplied  with  steam  at 
150  pounds  gauge  pressure  and  superheated  60  degrees  at  the 
throttle,  and  that  the  vacuum  in  the  exhaust  pipe  would  be  26 
inches.  On  the  test  the  steam  was  found  to  be  superheated  about 
100  degrees,  and  the  vacumxi  was  25^  inches.  It  would  have 
saved  an  immense  amount  of  discussion  and  annoyance  if  a  code 
adopted  by  this  Society  had  given  a  standard  method  of  calculating 
the  proper  correction  to  be  made  for  the  difference  between  the 
actual  superheat  and  vacuum  from  those  required  by  the  con- 
tract. 

It  is,  of  course,  easier  to  criticise  a  report  of  this  kind  than  it  is 
to  compile  it,  and  I  greatly  appreciate  the  immense  amount  of 
work  that  has  been  required,  on  the  part  of  the  Committee,  to 
bring  the  code  to  its  present  form.  The  criticisms  which  I  have 
taken  this  opportunity  to  mention  are,  of  course,  merely  the  ex- 
pression of  a  strong  personal  feeling  in  this  matter,  and  as  such  it 
gives  me  great  pleasure  to  submit  them  to  the  Society. 

Mr.  E.  T,  Sederliolm. — The  Committee  is  to  be  congratulated 
upon  the  thorough  manner  in  which  it  has  completed  a  very  diffi- 
cult and  laborious  task.  There  are,  however,  a  few  points  to  which 
I  would  like  to  call  attention,  in  Avhich  it  would  have  been  well 
if  the  Committee  had  insisted  more  strongly  upon  accuracy  as 
being  the  main  thing  to  be  desired,  rather  than  conceding  so  much 
to  convenience. 

First  of  all,  the  Committee,  while  not  advising,  yet  permits  the 
use  of  water  meters ;  yet  we  all  know  that  even  the  best  of  them 
are  notoriously  inaccurate,  and  even  the  degree  of  inaccuracy  is 
erratic.  A  little  air  in  the  water  plays  havoc  with  them,  or  a 
short  stroke  now  and  then  is  something  which  may  go  undetected 
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(luring  the  calibration  test.  FurllR'riiiurc,  the  valves  C,  1),  and  F 
in  big.  1  are  dangerous,  for  nothing  is  simpler  than  to  shut 
valve  F  and  open  the  other  two,  passing  over  an  unlimited 
(juantitj  of  unmeasured  water.  Preferaljly,  the  connection 
between  C  and  D  should  be  broken  entirely,  or  at  least  there 
should  be  no  valve  at  F,  but  an  open  outlet. 

The  Committee  leaves  the  door  wide  open  for  obtaining  any 
results  desired  when  it  recommends  that  leakage  of  circulating 
water  into  the  vacuum  space  of  the  surface  condenser  may  be  al- 
lowed for.  Any  leakage  of  any  amount  should  simply  invalidate  the 
test,  but  it  is  altogether  wrong,  in  my  opinion,  to  allow  the  engi- 
neer in  charge  of  a  test  to  make  these  allowances  after  the  loss  has 
taken  place.  It  is  just  such  allowances  which  have  made  engineers 
hesitate  in  accepting  many  of  the  reported  high  results  in  tests 
of  the  past,  and  this  Society  ought  not  to  countenance  anything 
but  that  which  has  been  proven  correct.  The  same  remarks  apply, 
of  course,  to  allowance  for  leakage  from  the  air  pump,  unless  such 
leakage  is  actually  caught  and  measured. 

The  Committee  suggests  that  where  very  large  quantities  of 
feed  water  have  to  be  dealt  with  the  orifice  method  may  be  adopted 
instead  of  that  of  weighing  the  water.  In  my  opinion  nothing 
but  direct  weighing  or  measuring  in  carefully  calibrated  tanks 
can  be  relied  upon  at  all.  What  we  want  to  obtain  is  incontro- 
vertible facts,  and  the  only  difference  between  a  small  and  a  large 
plant  is  that  for  the  latter  everything  has  to  be  made  on  a  larger 
scale,  but  the  amounts  involved  are  also  larger,  making  it  permis- 
sible. And  certainly,  the  larger  the  plant,  the  more  need  is  there 
for  accuracy  in  the  test,  and  not  the  reverse. 

I  quite  fail  to  see  why  the  Committee  should  establish  what 
they  term  the  "  commercial  ratio  of  expansion,^'  when  the  Com- 
mittee itself  in  the  next  paragraph  admits  that  it  is  not  the  correct, 
the  "  ideal ''  ratio.  Of  what  use  is  an  incorrect  ratio  ?  And  even 
the  so-called  ideal  one  recommended  by  the  Committee  is  incorrect, 
for  they  assume  that  the  final  volume  is  equal  to  the  piston  dis- 
placement. It  may  be  so  in  isolated  cases,  but  more  often  it  is 
not.  The  final  volume  depends  to  some  degree  upon  the  amount 
of  steam  which  is  retained  in  the  cylinder  at  the  point  of  com- 
pression. At  first  sight  this  may  not  appear  to  be  the  case,  since 
the  steam  actually  does  expand  so  as  to  fill  the  whole  low-pres- 
sure cylinder,  including  the  clearance  space.  At  the  same  time, 
the  terminal  pressure  is  in  a  large  measure  dependent  upon  the 
54 
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amount  of  steam  retained  at  the  end  of  compression,  which  steam 
at  each  stroke  is  added  to  that  in  the  receiver,  and  then  again 
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Fig.  144.— Diagrams  Taken  During  Trials  op  Steamship  "Iona"  Made 
BY  A  Committee  of  the  Institute  op  Mechanical  Engineers. 

borrowed,  so  to  say,  by  the  cylinder  for  use  during  the  expansion. 
The  terminal  pressure  is  therefore  higher  the  more  steam  we 
confine  in  the  clearance  space,  and  the  correct  final  volume  is 
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lat'asui'c'd  by  a  hori/oiiial  lim*  on  tlic^  (Jiagraiii,  drawn  from  the 
point  of  terminal  i>ressiire  to  the  place  where  it  intersects  the 
cushion  line. 

The  difference  between  tlie  Committee's  commercial  ratio  and 
tliis  actual  ratio  is  not  by  any  means  unimportant.  J  have  in 
many  instances  compared  the  results  of  the  two  methods,  and 
remember  especially  the  case  of  the  diagrams  of  the  steamship 
'*  lona's  "  engines,  Fig.  144.  The  '^commercial"  ratio  there  is  only 
19.38,  while  the  actual  ratio  is  30.3.  The  former  would  lead  us  to 
believe  that  great  losses  had  taken  place  in  the  cylinders,  quite 
unaccounted  for,  and  we  would  wonder  at  the  good  economy  shown 
in  spite  of  such  defects.  The  correct  ratio  shows  us  that  these 
losses  w^ere  only  imaginary,  and  that  in  reality  the  actual  diagrams 
very  closely  agree  with  what  might  be  expected  and  with  what  can 
be  predicted. 

Prof.  Gaetano  Lanza. — I  wish  to  make  one  comment.  The 
Committee  speaks  of  a  radiation  correction  for  a  throttling  calo- 
rimeter in  Section  xvi.  of  the  report;  whereas  on  page  198,  Vol.  xi. 
of  the  Transactions,  it  was  shown  by  Professor  Peabody  that 
while  the  radiation  correction  would  be  considerable  if  an  insuffi- 
cient quantity  of  steam  were  run,  it  could  be  reduced  to  less  than 
Yo  of  1  per  cent,  by  simply  running  a  sufficient  quantity  of  steam 
through  the  calorimeter.  In  that  paper  there  are  some  determina- 
tions of  the  amount  of  steam  required  for  this  purpose. 

Prof.  Sidney  A.  Peeve. — I  will  not  take  the  time  of  the  So- 
ciety to  attempt  to  express  my  appreciation  of  what  the  Com- 
mittee has  done.  I  will  merely  mention  oile  point,  and  that  is  in 
the  list  of  efficiencies.  Professor  Spangler  has  already  expressed 
his  sense  of  the  limitation  of  attempting  to  express  efficiency  truly 
in  terms  of  heat  units.  An  engine  operating  under  any  given  con- 
ditions has  available  a  certain  portion  of  the  heat  given  to  it  for 
transformation  into  work.  Of  that  heat  available  it  transforms  into 
work  a  certain  portion.  The  skill  v4th  which  the  designer  and  con- 
structor of  the  engine  have  fulfilled  their  mission  is  expressed  en- 
tirely in  this  proportion.  That  ratio  is  to  my  mind  the  one  figure 
which  expresses  most  completely  and  perfectly  the  success  and  the 
value  of  the  engine  as  a  heat  engine.  To  that  ratio  I  ordinarilv  give 
the  name  "  cylinder  efficiency."  I  do  not  know  of  any  authoritative 
name  for  it,  but  I  make  it  the  primary  object  of  all  engine  testing 
to  determine  that  figure.  It  is  a  figure  which  applies  to  any  set  of 
conditions,  to  any  sort  of  engine,  steam  engine,  gas  engine,  oil 
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engine — any  sort  whatever — and  for  all  of  them  it  forms  the  only 
equitable  basis  for  comparison  of  value.  It  entirely  removes  all 
difficulty  in  comparing  different  types  of  engines,  because  of  dif- 
ferent conditions  of  steam  pressure  or  different  ratios  of  expan- 
sion. 

I  think  that  this  "  cylinder  efficiency  "  should  be  made  the 
standard  expression  for  the  efficiency  of  an  engine.  For  the  pur- 
poses of  the  engineer  the  determination  of  that  figure  gives  him  all 
that  he  needs  with  the  exception  of  knowing  why  the  figure  arises. 
To  my  mind  the  report  would  bring  out  more  clearly  the  engineer- 
ing side  of  the  question,  if  that  were  made  the  standard  efficiency, 
and  afterward  it  were  pointed  out  that  the  chief  duty  of  the 
engineer  is  to  so  analyze  the  results  as  to  see  why  the  figure  is 
as  it  is.  For  the  commercial  side  of  engine  testing,  the  expression 
of  efficiency  in  pounds  of  steam  or  pounds  of  coal  is  amply  suffi- 
cient. For  the  engineer's  purpose  we  want  more  scientific  state- 
ments, and  this  cylinder  efficiency,  as  I  call  it,  is  the  only  figure 
which  gives  scientific  accuracy  under  all  conditions. 

Mr.  W.  H.  Morse. — I  should  like  to  ask  Professor  Jacobus  in 
closing  the  discussion  to  tell  us  whether  the  Committee  have  made 
any  investigations  as  to  the  effect  of  steam  at  various  temperatures 
on  the  accuracy  of  indicator  springs,  particularly  in  the  more 
common  types  when  the  steam  comes  in  direct  contact  with  the 
spring.  The  whole  engine  trial  depends  upon  the  reliability  of  the 
indicator.  If  here  we  have  an  error  of  say  5  per  cent.,  the  accu- 
racy of  the  trial  is  no  better.  This  point  is  becoming  more  and 
more  important  in  c(fnnection  with  gas  engine  trials  and  with 
superheated  steam.  I  know  that  some  elaborate  investigations 
have  recently  been  made  under  the  auspices  of  one  of  the  English 
societies  on  this  point. 

Mr.  R.  A.  Smart. — In  Section  xx.  (d)  of  the  printed  report,  it 
is  proposed  to  choose  a  theoretical  point  of  cut-off,  to  be  found  at 
the  intersection  of  the  hyperbolic  curve  through  the  actual  point 
of  cut-off  with  a  horizontal  line  through  the  highest  point  of  the 
card,  and  call  this  assumed  point  the  "  commercial  point  of  cut- 
off." It  seems  to  me  that  if  it  is  desirable  to  choose  some  point 
other  than  the  actual  point  of  cut-off  for  purposes  of  comparison, 
this  should  not  be  called  the  "commercial  point  of  cut-off '',  but 
rather  the  "standard,''  or  the  "comparative"  point  of  cut-off. 
Manufacturers  of  engines  are  frequently  required  to  supply  an  en- 
gine which  will  cut-off  at  a  given  point.   Such  an  engine  will  be  set 
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in  the  shop  to  give  an  actual  cut-off  of  tlie  specified  amount.  Now, 
when  the  purcliascr  indicates  liis  engine  and  turns  to  the  Com- 
mittee for  their  designation  of  tlie  point  of  cut-off,  he  will,  if  a  lay- 
man, naturally  conclude  tliat  what  lie  Avants  is  the  "  commercial 
jHunt  of  cut-off,"  and  will  find  that  his  engine  is  cutting  off  much 
longer  than  this.  A  change  of  terms,  such  as  I  have  just  indicated, 
would  avoid  the  difficulty. 

DISCUSSION    ON    THE    FINAL    FORM    OF    THE    REPORT,  OF    COIMMITTEE    ON 
STANDARDIZING    ENGINE    TESTS.* 

Mr.  Kent. — I  am  exceedingly  gratified  at  this  final  revision  of 
the  steam  engine  Committee's  report,  especially  because  it  has 
l)een  verv  much  changed  since  the  last  report  of  the  Committee 
a  year  ago.  I  had  occasion  to  make  a  test  of  a  coiupound  con- 
densing engine  recently  where  the  guarantee  provided  that  it 
should  show  a  consumption  of  13  pounds  or  less  of  steam  per 
indicated  horse-power  per  hour.  As  a  matter  of  fact,  it  did 
show  12.8  pounds  not  including  the  steam  used  by  the  air  and 
circulating  pump,  but  about  14  pounds  if  this  was  included.  The 
question  then  came  up,  had  the  engine  filled  its  guarantee?  The 
purchaser  said  the  air  and  circulating  puni])  should  be  included, 
while  the  engine  seller  said  that  they  should  not  be  included. 
The  matter  Avas  referred  to  me,  and  I  said  that  it  w^as  not,  in  the 
present  stage  of  the  case,  an  engineering  question,  and  that  as  I 
did  not  propose  to  interpret  the  contract  between  the  parties  I 
would  report  the  results  both  Avays.  The  difference  between  the 
two  results  Avas  less  Avhen  the  exhaust  steam  from  the  pumps  was 
taken  into  the  feed  water  heater.  I  wrote  to  Professor  Jacobus 
about  the  matter,  and  asked  him  to  consider  it  in  his  report,  and 
I  think  the  Committee  has  done  so  in  a  verv  satisfactorv  man- 
ner.  Either  method  may  be  used,  but  it  is  a  matter  of  the  con- 
tract between  the  buyer  and  the  seller  as  to  AA^hich  one  should  be 
used  for  the  test.  I  haA^e  not  had  an  opportunity  to  go  carefully 
oA'er  the  final  revision  of  the  report,  but  I  am  very  much  pleased 
with  some  of  the  changes,  and  I  think  Ave  may  congratulate  our- 
selves on  liaAing  such  an  excellent  report. 

I  move  that  the  report  be  receiv^ed  and  printed,  and  the  Com- 
mittee discharged  Avith  the  thanks  of  the  Societv. 


*  Presented  at  the  New  York  meeting  (December,  1902). 
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A  Member. — I  second  tluit  motion. 

The  Chairman. — Gentlemen,  you  have  heard  the  motion.  If 
it  is  your  ])leasure  to  receive  the  report  and  discharge  the  Com- 
mittee with  thanks  you  will  signify  it  by  saying  aye — opposed, 
no. 

Carried. 

The  Committee  *  desires  to  state  in  closing  the  discussion  that 
they  have  carefully  weighed  the  various  criticisms  and  sugges- 
tions presented,  and  that  the  report  as  it  now  stands  embodies 
their  final  conclusions.  Some  of  the  suggestions  have  been 
adopted,  and  the  report  changed  from  its  earlier  form.  In  re- 
gard to  others,  it  should  be  said  that  they  have  either  seemed  to 
the  Committee  unwise,  or,  while  the  Committee  recognized  the 
force  of  the  criticism,  there  appeared  to  be  no  satisfactory  alter- 
native. It  may  be  seen  by  examining  the  discussions,  which  are 
here  printed  in  full  as  orginally  submitted,  in  what  respects  they 
have  been  either  approved  or  disajjproved. 

*  Closure  by  the  Committee. 
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H.  G.  Reist,  Secretary  of  Local  Committee. 
H.  G.  Hammett,  Treasurer  of  Local  Committee. 

The  forty-seventh  meeting  of  the  xVmerican  Society  of  Me- 
chanical Engineers,  was  held  in  the  city  of  Saratoga,  X.  Y., 
during  the  period  June  23d-25th.  The  headquarters  of  the 
Societ}^  and  the  convention  hall  were  in  the  United  States  Hotel. 
The  first  session  Avas  called  to  order  at  8.30,  on  the  evening: 
of  Tuesday,  June  23d,  by  President  James  M.  Dodge,  who  in- 
troduced Mr.  Albert  L.  Rohrer  of  Schenectady,  Chairman  of 
the  Local  Committee  of  members.  In  his  welcome  to  the  mem- 
bers, Mr.  Eohrer  called  attention  to  the  fact  that  the  group  of 
members  contributing  to  the  Saratoga  Meeting  included  resi- 
dents from  Sandy  Hill  on  the  north,  to  Hudson  on  the  south,  and 
from  Gloversville  on  the  west  to  Pittsfield,  Mass. ,  on  the  east. 
He  included  in  his  welcome  a  greeting  on  behalf  of  the  indus- 
trial corporations  which  were  to  be  hosts  of  the  Society  during 
the  sta}"  of  its  members.  The  President  of  the  Society  re- 
sponded to  the  welcome  in  fitting  terms. 
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Professional  papers  were  then  taken  up — the  first  by  Mr. 
James  M.  B.  Scheele  describing  the  United  States  Army  Gun 
Factory  at  Watervliet  Arsenal,  with  respect  to  its  working 
equipment,  which  the  Society  was  to  visit  on  Thursday.  The 
following  paper  by  Mr.  R.  P.  Bolton,  "Tests  of  an  Hydraulic 
Elevator  Plant,"  was  discussed  by  Messrs.  George  Hill  and  John 
Bdlch  Blood.  Mr.  Blood's  paper  on  a  "A  Eational  Train  Ee- 
sistance  Formula"  was  discussed  by  Mr.  H.  W.  Hibbard. 

Second  Session.     Wednesday,  June  24tii,  10  A.M. 

The  Secretary  presented  as  the  opening  business  of  this  session 
the  report  of  the  tellers  appointed  to  count  the  ballots  cast  for 
members  seeking  election  at  this  time.  The  report  was  as 
follows : 

REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  11  of  the  Pules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed 
for  membership  in  their  several  grades  in  the  American  So- 
ciety of  Mechanical  Engineers,  and  seeking  election  before  the 
XLYIIth  meeting,  Saratoga,  1903. 

They  have  met  upon  the  designated  day  in  the  office  of  the 
Society  and  have  proceeded  to  the  discharge  of  their  duty. 
They  Avould  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons,  W'hose  names 
appear  on  the  appended  list,  in  their  several  grades. 

There  were  613  pink  ballots  cast  of  which  11  w^ere  thrown 
out  because  of  informalities.  The  tellers  have  considered  a  bal- 
lot as  informal  which  w^as  not  endorsed,  or  where  the  endorse- 
ment was  made  by  facsimile  or  other  stamp. 

C.  W.  Hunt,  \ 

Samuel  S.  Webber,     \  Tellers  of  Election. 

Charles  H.  Corbett.  ) 

As  Members. 

Atkins,  Harold  B.  Barton,  Henry  L.  Bishop,  Chas.  R. 

Ayers,  Hobart  B.  Batchelder,  Asa  Fred  Bliss,  Collins  P. 

Baehr,  Wm.  Alfred  Becker,  Wm.  J.  Bourne,  Geo.  Lewis 

Balkwill,  Stephen,  Jr.  Behn,  Carl  Breese,  Chas.  P. 
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HriLiijs,  James  Marvin 
U;uKl.KdwardG. 
Biirliii«;aino,  L.  I). 
Caldor,  John 
Cameron,  Harton  H. 
Clifford,  Oliver  r. 
rochrano.  Uobert  B. 
Cole,  Dwij;hl  S. 
Connell,  John  J. 
Croxton,  Herhort  A. 
Dally,  John  Horlon 
Doherty,  He!iry  L. 
Egan.  Thomas  P. 
Eiisi,Lrn,  Geo.  A. 
Fairburn.  Wm.  A. 
Flint,  Wm.  P. 
Gardner,  G.  Clinton.  Jr. 
Goodrich.  Robt.  R. 
Gresiory,  Joseph  X. 
Harrison,  Burt  S. 
Hart.  Howard  S. 
Haskell,  Broderick 


Hassan,  R.  1). 
Hauiihton,  Frank  A. 
J.ackson,  John  P. 
Kniiiht.  Chas.  F. 
Lamy,  Camillc  A. 
Lane,  Arthur  M. 
Lorscli.  Edwin  S. 
Mc-Coll.J.  R. 
McGregor,  Hui;h  R. 
McMullin,  Frank  Van 
McXaujrhton,  James 
Madtlock,  Geo.  F. 
Markham,  Edw.  R. 
Martin.  Simon 
Mills,  Edmund 
MiLson,  Thos.  H. 
Mitchell.  Guy  E. 
Morse,  Wm.  A. 
Moss,  Sanford  A. 
Muller.  Paul 
Murray,  Geo.  Robert 
Xewton,  Lewis  AV. 
Xorton,  Wendell  P. 


Oborauer,  Lutlwij; 
Park,  Walter  E. 
Power,  PonuToy  W. 
Rei<l,  Wm.  L. 
Sanderson,  Edwin  X. 
Schulze-Pillot.Gehrard 
Scott,  Geo.  W. 
Spier,  Chas.  L. 
St«en,  Arthur  B. 
Strinirham,  Jo.-ieph  S. 
Sullivan,  L.  X. 
Swenson,  Bernard  V. 
Ten  Broeck,  Floyd  G. 
Thresher.  Alfred  A. 
Troth,  P.  Howard 
L'pp,  John  W. 
Wadsworth.  Frank  L.  O. 
AVells.  Frank  O. 
West,  Geo.  W. 
Wliite.  Arthur  M. 
Wiley.  EdsrarC. 
Wraith,  William 


l^OMOTiox  TO  Full  Membership. 


Allen,  Charles  M. 
Allen.  John  R. 
Barnay,  John  Martin 
Burgan,  A.  L. 
Carter.  Henry  W. 
Cluett,  Albert  E. 
Cooke,  Harte 


DePuy,  Clarence  E. 
Eldred.  Byron  E. 
Foster,  Jed  S. 
Greene,  Arthur  M.,  Jr. 
Grejrory.  Wm.  B. 
Kimber,  Geo.  Alfred 
Lock  wood,  Edwin  H. 


Macpherson.  J.  D. 
Meyer.  Henry  C,  Jr. 
Morse,  Wm.  k. 
Xinde,  Wm.  E. 
Patterson,  Arthur  W..  Jr 
Redwood.  LI. 
Sanderson,  Edw.  S. 


AUen,  Albert  M. 
Alvord.  C.  H. 
Bary.  Mark 
Benton.  Morris  F. 
Bower.  J.  G. 
Chatain,  Henri  Geo. 
Colburn,  Geo.  L. 
Dal  ton,  Hubert 
Dinsmore,  Samuel  C. 


As  Associates. 

Doughty.  Geo.  A. 
Fergus,  Wm.  L. 
Hartness.  R.  B. 
Kinkead.  James  A. 
Kuntz,  Wellington  W 
Earned.  Stephen  H. 
Lucke,  Chas.  E. 
Millspaugh,  Wm.  H. 
Mundy,  Wm.  O. 


Parker,  Chas.  H. 
Pressinger,  W.  P. 
Randolph,  Clyde 
Symington.  E.  H. 
Watts,  Geo.  W. 
Webster.  Warren 
Worcester,  H.  E. 
Zohe,  Ludwig  A. 


Promotion  to  Associate  Membership. 


Hunt.  Wm.  F. 


Miner.  ^lax  H. 
Moore,  Stanlev  H. 


Whitted,  Thomas  B. 
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Aldrich,  J.  Guy- 
Baker,  Chas.  H, 
Bean,  I.  Mc  C. 
Bennett,  T.  Archibald 
Brooks,  R.  Deane 
Childs,  H.  P. 
Cluett,  Sanford  L. 
Cooke,  Morris  L. 
Danforth,  N.  L. 
Daiiohy,  Samuel  Edwin 
Dietz,  Carl  F. 
Dixon,  Chas.  F. 
Ducas,  Charles 
Estabrook,  Mansfield 
Fawcett,  Wallace  H. 
Ga2;nier,  Edward  D. 
Gifford,  Albert  James 
Grover,  Marcus  A. 
Halladay,  Harry  F. 
Hanzlik,  Henry 


As  Junior  Members. 

Hartwell,  Hiram  B. 
Ilsley,  Jolui  Parker,  Jr. 
Jackson,  Arthur  C. 
Jones,  Harold  C. 
Kapy,  Artturi  A. 
Kennedy,  Frank  L. 
McCoy,  William 
Macon,  Wm.  Watts 
Marot,  Edward  H. 
Merrill,  Albert  S. 
Neave,  Pierson  M. 
Nichols,  John  T. 
Olmsted,  Fay  DeV. 
Payne,  Nathan  B. 
Pennock,  Geo.  Alger 
Ray,  Fred 

Richmond,  Julian  P.  W. 
Roberts,  Edwin  H. 
Robertson,  Chas.  W. 
Rumsey,  Spencer  S. 


Sarengapani,  T,  S. 
Schaefer,  Edward  F. 
Schenck,  Leon  H. 
Searing,  Emery  De  F. 
Seaver,  Edward,  Jr. 
Shoudy,  Wm.  Allen 
Stuntz,  J.  E. 
Sweet,  Franklin 
Taft,  Theo.  H. 
Thorpe,  John  C. 
Tischiier,  Chas.  F.,  Jr. 
Toelle,  AVm.  Emil 
Van  Ness,  Frank  W. 
Waters,  Rossiter  L. 
White,  Everett  H. 
Wilner,  Elias  R. 
Wilson,  Jacob  D. 
Wilson,  Lester  G. 
Yarnall,  D.  Robert 
Yaryan,  Edward  B. 


The  Secretary  presented  for  record  and  publication  in  the  vol- 
ume of  the  Transactions,  the  circular  which  had  been  issued  by 
the  Council  to  advise  the  membership  concerning  the  action  which 
that  body  had  taken  pursuant  to  the  announcement  of  the  pur- 
pose of  Mr.  Andrew  Carnegie  to  present  a  building  for  the  uses 
of  the  profession  of  engineering,  in  which  building  this  Society 
was  to  have  an  important  share,  both  in  the  advantages  and  in 
the  control.  The  circular  had  been  sent  by  mail  to  every  mem- 
ber, but  it  was  thought  desirable  that  the  Society  should  take 
action  in  the  general  ineeting  upon  the  generous  purpose  of  Mr. 
Carnegie  and  approve  and  confirm  the  action  which  the  Council 
had  already  taken  in  advance  of  the  general  meeting.  The  cir- 
cular of  the  Council  forms  an  appendix  to  the  Proceedings  of 
this  meeting.     (IS'o.  976,  Appendix  1.) 

Upon  the  announcement  in  this  formal  way  of  the  action  of 
Mr.  Carnegie,  Mr.  Fred  J.  Miller  offered  the  following  set  of 
resolutions : 


The  American  Society  of  Mechanical  Engineers  assembled  in  general  session 
at  its  47th  meeting  in  Saratoga,  N.  Y.,  has  learned  with  the  greatest  interest 
of  the  proposed  gift  to  the  profession  of  engineering  by  Mr.  Andrew  Carnegie, 
member  of  the  Society,  of  a  million  dollars  for  an  engineering  building. 

The  Society  has  also  been  informed  of  the  action  taken  by  its  Council  in 
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reference  to  makin<;  this  ^if(  available  and  serviceable  to  the  ihmkIs  of  this 
Society,     ^^'hc^cf()ro: 

He  it  Ri'sohrd,  that  this  Society  desires  to  place  on  record  its  appreciation 
of  the  purpose  of  Mr.  Carne«i;ie,  in  seekin«>;  to  advance  by  this  means  the  inter- 
ests of  the  profession  of  engineering;, 

Rcfiolrcd,  That  by  einbodyinfi  this  purpose  in  the  form  of  a  ^reat  and  noble 
buildinj:;  for  the  uses  of  those  orj^anizations  whose  aims  are  to  foster  the  de- 
velopment of  en<;ineerin<z;,  the  donor  has  taken  a  step  which  will  notably  advance 
these  interests: 

Resolved,  That  the  Society  approves  the  prompt  response  of  its  ('ouncil  to 
the  opportunity  offered  to  favor  and  further  the  interests  of  tlie  Society  which 
are  involved  in  that  progress  of  the  profession  which  lies  at  the  base  of  the 
Carne,i2;ie  gift. 

Resolved,  That  it  be  referred  to  the  Council  w-ith  power  to  transmit  by  cable- 
gram and  letter  to  Mr.  Carnegie  the  action  of  the  Society,  and  to  carry  out  by 
further  action,  the  details  necessary  to  realize  Mr.  Carnegie's  generous  purpose. 

On  motion  the  Society  expressed  its  sentiment  upon  the  gift, 
and  the  resolutions  accepting  it,  by  a  rising  vote,  which  was 
mianimous.  In  seconding  the  resolutions,  Mr.  Ilenning  spoke 
as  follows: 

3fr.  Gas  C.  Ilenning. — In  rising  to  second  these  resolutions  I 
wish  to  compliment  the  mover  of  them  on  the  lucidity,  precision 
and  appropriateness  of  the  words  which  he  has  chosen  to  ex- 
press our  sentiments.  I  think  the  Society  does  itself  great 
honor  in  taking  this  unanimous  and  wise  action  upon  Mr.  Car- 
negie's most  generous  gift.  I  think  that  it  is  understood  that  if 
the  one  million  of  dollars  which  has  been  mentioned  does  not 
meet  the  requirements  of  the  building  to  be  erected  for  the  use 
of  the  associations,  it  is  Mr.  Carnegie's  intention  that  sufficient 
funds  should  be  provided  to  make  the  building  adequate  and 
satisfactory,  so  as  to  insure  its  completion  and  to  meet  the  needs 
of  the  societies,  not  only  for  the  present  but  for  many  years  to 
come. 

The  Secretary  presented  a  report  on  behalf  of  Mr.  C.  J.  H. 
AYoodbury,  a  delegate  of  the  Society  to  represent  it  at  a  confer- 
ence on  Standard  Electrical  Kules,  held  in  Boston  in  March, 
and  which  has  incorporated  in  it  an  addition  to  the  rules,  dated 
June  1,  1903.  The  Society  had  been  a  participant  in  the  orig- 
inal constitution  of  the  body  which  formulated  this  national 
code,  and  had  assigned  its  same  representative  to  act  for  it  in 
the  1903  conference  as  he  had  acted  in  the  origfinal  conference 
in  1895.     The  report  of  this  representative  consisting  of  an  addi- 
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tion  to  the  National  Standard  Electrical  Hulcs,  is  printed  as  an 
appendix  to  these  minutes.     (No.  977,  Appendix  2.) 

The  next  order  of  business  was  the  presentation  of  the  report 
of  Messrs.  H.  C.  Meyer,  Jr.,  L.  G.  French  and  P.  C.  Idell, 
a])pointed  as  Tellers  to  count  the  returns  on  the  letter  ballot 
which  had  been  issued  by  order  of  the  Society  to  elicit  the  opin- 
ion of  the  members  of  the  Society  on  certain  questions  brought 
out  in  connection  with  the  discussion  on  the  Metric  System  at 
the  annual  meeting.     The  form  of  the  ballot  was  as  follows: 

OPINION  ON  THE  METRIC  SYSTEM  AND  H.  R.  BILL  NO.  2054. 

To  THE  Special  Tellers: 

I  desire  to  express  my  personal  opinion  on  the  questions  which  have 
been  submitted  to  me  concerning  the  advisabiUty  of  the  introduction  of 
the  Metric  System  and  compulsory  legislation  on  the  same,  by  means  of 
the  cross  in  the  square  placed  in  the  blank  space  upon  the  reverse  of  this 
shoi)t. 

The  cross  is  placed  in  the  space  opposite  the  vote  which  I  desire  to 

record.     The  absence  of  this  cross  indicates  a  negative  vote  on  the  question. 

I  wish  to  liave  it  understood  that  this  is  a  personal  opinion  and  is  not 

intended  to  form  part   of   any  official   action  of  the  American  Society  of 

Mechanical  Engineers  on  this  question. 

Note— The  ballot  closes  at  12  West  31st  Street,  New  York,  June  1st,  1903. 


I 


I 


In  favor  of  the  adoption  of  the  Metric  System  of  Weights  and 
Measures  as  the  only  legal  standard  in  the  United  States. 

Against  adoption  of  the  Metric  System  of  Weights  and  Measures 
as  the  only  legal  standard  in  the  United  States. 

In  favor  of  adoption  of  H.  R.  Bill  No.  2054. 


I    Against  adoption  of  H.  R.  Bill  No.  2054. 


In  favor  of  legislation  which  would  promote  adoption  of  the  Metric 
System. 

Against  legislation  which  would  promote  adoption  of  the  Metric 
System. 

The  substitution  of  the  Metric  for  the  English  system  would  be 
detrimental  to  my  business.  ' 

The  substitution  of  the  Metric  for  the  English  system  would  not 
be  detrimental  to  my  business. 

The  substitution  of  the  Metric  for  the  English  system  would  be  of 
advantage  to  my  business. 
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Tt  Avill  1)0  a])pareiit  that  tin*  foi-iii  ol"  the  l)all()t  was  carefully 
wordcul  so  that  it  sliouhl  a|)|)(^ai*  an  expression  of  opinion  and 
not  an  ollicial  action  or  votc^  of  the  Society  upon  tlie  (puistions 
ask(Ml.  The  Secretary  explained  that  the  circular  and  l)alh)t  had 
heeii  sent  to  every  member  of  the  Society,  meml)ei"s,  associates 
and  juniors,  amounting-  to  over  j},r)()().  The  imml)er  of  replies 
in  total  of  slips  received  was  onl}^  514,  so  that  only  about  one- 
fifth  or  twenty  ])er  cent,  of  the  membership  had  expressed  an 
opinion  on  the  (piestion  at  all.  It  was  further  explained  that 
the  11.  H.  Bill,  Xo.  205-1-,  referred  to  in  the  slip  which  asked 
for  opinion,  was  not  the  present  form  in  ^vhicll  legislation  was 
contemplated,  but  this  ballot  was  an  expression  of  opinion  con- 
cerning a  bill  which  Avas  not  under  consideration  at  present,  but 
Avhich  })roposed  to  make  the  Metric  System  obligatory  in  the 
year  1002. 

With  these  explanations  the  report  of  the  Tellers  was  read  as 
f  oUoAvs : 

REPORT  OF  TELLERS  UPOX  THE  METRIC  SYSTEM  VOTE. 

To  THE  COUXCIL  OF  THE   AMERICAN  SOCIETY  OF  MeCHAXICAL  ExGIXEERS: 

Gentlemen: — The  undersigned  respectfully  report  that  there  were  514  ballots 
returned  to  the  tellers  by  members  of  the  Society.  Of  tliese  five  did  not  com- 
ply with  the  regulations  and  were  not  counted.  The  ballots  were  divided  into 
nine  headings,  upon  which  expressions  of  opinion  were  asked.  These  headings 
and  the  number  of  votes  cast  for  each,  are  as  follows: 

In  favor  of  the  adoption  of  the  Metric  System  of  Weights  and 

Measures  as  the  only  legal  standard  in  the  United  States     20  per  cent.     103 

Against  adoption  of  the  Metric  System  of  Weights  and  Meas- 
ures as  the  only  legal  standard  in  the  United  States.  .  .  .      oO  per  cent.     303 

In  favor  of  adoption  of  H.  R.  Bill  Xo.  2054 20  per  cent.       95 

Against  adoption  of  H.  R.  Bill  Xo.  2054 SO  per  cent.     342 

In  favor  of  legislation  wliich  would  promote  adoption  of  the 

Metric  System 33  per  cent.     153 

Against  legislation  which  would  promote  adoption  of  the 

Metric  System 66  per  cent.     311 

The  substitution  of  the  Metric  for  the  English  system  would 

be  detrimental  to  my  business 5S  per  cent.     243 

The  substitution  of  the  Metric  for  the  English  system  would 

not  be  detrimental  to  my  business 42  per  cent.      145 

The  substitution  of  the  Metric  for  the  English  system  would 

be  of  advantage  to  mv  business 89 
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With  the  assistance  of  the  office  staff  of  tlie  Secretary  of  tlie  Society,  the 
ballots  were  arraiifjjed  in  the  chissilication  shown  on  the  attached  sheet,  to 
indicate  the  possible  influence  a  member's  occupation  mi^ht  have  on  his  opin- 
ion in  the  matter.     This  classification  is  only  approximately  correct. 

Very  respectfully, 

Henry  C.  Meyer,  Jr. 

Lester  G.  French,        Y    Tellers. 

P.  C.  Idell, 


In  favor  of  the  adoption  of  the  Metric 
System  of  Weights  and  Measures 
as  the  only  legal  standard  in  the 
United  States 

Against  the  adoption  of  the  Metric  Sys- 
tem of  W^eiglits  and  Measures  as  the 
only  legal  standard  in  the  United 
States 

In  favor  of  adoption  of  H.  R.  Bill 
No.  2054 

Against  adoption  of  H.  R.  Bill  No.  2054 

In  favor  of  legislation  which  wotild  pro- 
mote adoption  of  the  Metric  System . 

Against  legislation  which  would  pro- 
mote adoption  of  the  Metric  System . 

The  substitution  of  the  Metric  for  the 
English  system  would  l^e  detrimen- 
tal to  my  business 

The  substitution  of  the  Metric  for  the 
English  system  would  not  be  detri- 
mental to  my  business 

The  substitution  of  the  Metric  for  the 
English  system  would  be  of  advant- 
age to  my  business 
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Some  discussion  ensued  as  to  the  advisability  of  making  this 
report  a  matter  of  record,  and  certain  members  explained  that 
they  had  refrained  from  voting  by  reason  of  the  absence  of  ex- 
perience with  the  Metric  System  sufficient  to  give  them  enough 
knowledge  to  form  an  opinion.  It  was  the  sense  of  the  meeting 
that  in  view  of  the  fact  that  this  was  a  culmination  of  the  dis- 
cussions and  action  originating  at  the  previous  meeting,  it  would 
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1)0  iinpossihlc  to  escii])e  tlic  fact  of  the  ju'tion  whatever  sliouhl 
he  (lone  with  tlic  record.  A  motion  to  kee[)  the  rejHjrt  olf  the 
records  was  rnially  withdraw^n. 

The  next  order  of  business  was  the  re|)ort  of  the  Society's 
Coinnuttee  appointed  at  the  Boston  Meeting  in  June,  VMr2,  to 
consider  and  report  a  Constitution,  J>y-Laws  and  lluh^s  for  tlie 
Society,  wliich  should  be  a  revision  and  amendment  of  tliosenow 
in  force.  This  Committee  had  been  made  to  consist  of  ^lessrs. 
(yharles  AVaUace  Hunt,  Jesse  M.  Smith,  I).  S.  Jacobus,  E.  II. 
Soule,  and  George  M.  Easford.  The  report  of  the  Committee  had 
been  sent  by  mail  to  all  members,  in  April,  Avitli  a  request  that 
they  would  send  to  the  Committee  any  suggestions,  amendments 
or  improvements,  in  writing,  that  the  Committee  might  consider 
these  amendments  in  advance  of  the  meeting  and  incorporate 
such  as  were  desirable  in  a  final  report  to  be  pi^esented  at  this 
meeting^.  A  revised  draft  or  second  edition  of  the  Constitution, 
By-Laws  and  Rules  had  been  prepared,  incorporating  many  of 
these  valuable  suggestions,  and  was  distributed  at  the  meeting 
in  the  form  in  which  it  appears  as  an  appendix  to  these  minutes. 
(No.  978,  Appendix  3.) 

The  text  of  the  Committee's  report  was  as  folloAvs  : 

REPORT     OF     THE     COMMITTEE     ON     REVISION     OF     THE     RULES     AND 

METHODS. 

The  Committee  on  tlie  Revision  of  Rules  and  Methods,  in  pursuance  of  in- 
structions 2;iven  them  at  the  December  meeting,  beg  leave  to  report  that  they 
have  carefully  reconsidered  their  work  and  have  made  such  corrections  as 
seemed  advisable,  and  herewith  present  a  draft  of  a  Constitution,  By-Laws 
and  Rules,  which  they  recommend  for  adoption  by  the"  Society  by  the  pro- 
cedure provided  in  the  present  rules  requiring  a  letter  ballot. 

Immediately  after  the  December  meeting  the  Secretary  sent  a  copy  of  tlic 
Constitution,  By-Laws,  and  Rules  presented  to  the  meeting  by  the  Committee, 
accompanied  by  a  letter  of  the  President,  requesting  members  to  send  to  the 
Committee  such  suggestions  as  they  had  to  offer  for  the  consideration  of  the 
Committee  previous  to  its  report  at  the  Saratoga  meeting. 

Twenty-three  written  communications  have  been  received  in  response  to 
the  President's  letter  inviting  suggestions  for  the  Committee  to  consider  in 
advance  of  the  meeting.  There  were  ninety-five  suggestions  made,  but  as 
many  of  these  were  on  the  same  subject  the  actual  number  for  the  Committee 
to  consider  was  materially  reduced.  The  importance  of  the  suggestions  varied 
from  the  omission  of  a  comma  to  the  insertion  of  new  paragraphs.  Every 
communication  to  the  Committee  was  carefully  reviewed,  and  each  suggestion 
discussed,  and  such  changes  were  made  as  seemed  desirable,  resulting  in  the 
draft  now  presented  to  you. 

To  illustrate  the  character  of  the  changes  that  have  beeu  made  other  than 
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punctuation  marks  and  vorl)al  corrections,  consider  Section  C-2.  Professor 
Kent  ])()intod  out  tliat  a  cluin^c  in  tlie  order  of  the  clauses  of  this  parajjjraph, 
})lacinii;  "the  maintenance  of  an  ]<]n^incerin<;  Library"  hist,  would  be  an  im- 
provement.    This  sufj;j^estion  was  adopted  by  the  Committee. 

Changes  of  a  similar  cliaracter  have  been  made  elsewhere,  and  the  order  of 
the  sections  has  been  chanf^ed  in  some  cases  to  brinjj;  the  sections  treatin*;;  of 
the  same  subject  matter  together,  or  in  a  more  suitable  place,  for  instance: — 
Sections  R-9  and  10  were  made  R-14  and  15.  B-40  was  placed  at  the  end 
of  the  By-Laws.  The  above  class  of  chanfi!;es  did  not  affect  the  meaninf]^  or 
scope  of  the  sections  in  any  manner. 

Another  class  of  changes  was  made  to  correct  obscure  expressions,  as  in 
Sections  C-9.  Mr.  Birkinbine  su£i;<2;ested  that  the  wording;  should  be  amended 
so  that  it  could  not  be  interpreted  to  mean  that  a  teacher  of  enf»;ineerinf]^  for 
five  years  or  more  can  become  a  member,  irrespective  of  his  aj2;e.  This  was 
accomplished  b}^  dividinji;  the  paragraph  into  two  sentences.  The  same  changes 
were  necessary  in  Sections  C-10  and  C-11. 

A  part  of  the  paragraph  C-21,  relating  to  the  present  Junior  Members  has  been 
taken  from  the  Constitution  and  made  R-17.  This  will  permit  this  clause  being 
dropped  from  the  Rules  by  order  of  the  Council  as  soon  as  it  has  served  its 
purpose,  without  the  formality  of  a  vote  by  the  membership  at  large,  which 
would  be  necessary  for  a  constitutional  change. 

A  more  important  change  was  made  in  treating  the  subject  of  an  independent 
Nominating  Committee.  It  was  clear  that  this  provision  should  be  a  constitu- 
tional and  not  a  by-law  provision.  C-48  and  B-31  were  adopted  to  accom- 
plish the  purpose.  From  this  necessarily  followed  the  change  made  in  C-51, 
as  the  power  of  removing  members  of  a  committee  by  the  Council  should  not 
apply  to  a  Nominating  Committee. 

New  sections  have  been  inserted  to  cover  some  of  the  suggestions  made  to 
the  Committee,  such  as— the  status  of  guests  of  the  members  which  had  not 
heretofore  been  defined.  Its  necessity  has  developed  since  the  Society  has  so 
largely  increased  in  numbers.  The  Sections,  B-24  and  R-14  and  15  have 
been  drafted  to  cover  this  case. 

The  laws  of  the  State  of  New  York,  under  which  we  are  organized,  empowers 
every  member  to  vote  by  proxy  at  all  meetings  of  the  Society,  and  the  provi- 
sions of  the  law  have  been  incorporated  in  Section  C-7,  and  the  provision  for 
carrjdng  it  into  effect  in  B-41. 

The  Section  C-59,  relating  to  the  method  of  amending  the  Constitution 
has  had  extended  consideration  by  the  Committee.  The  conclusion  arrived 
at  is  that  it  is  now  the  right  of  a  member  and  a  seconder  to  have  a  vote  taken 
at  any  meeting  of  the  Society.  In  all  associations  of  this  character  it  is  the 
universal  practice  to  have  an  amendment  to  the  constitution  presented  to 
the  membership  for  a  vote  whenever  regularly  presented  by  a  member.  The 
Committee  did  not  deem  it  wise  to  abridge  the  right,  but  desired  to  hedge  it 
roimd  with  such  formalities  as  would  make  the  mover  take  a  sober  second 
thought,  both  as  to  the  subject  matter  and  the  form  of  the  amendment. 

The  semi-annual  meeting  has  been  fixed  as  the  time  of  offering  an  amendment 
in  order  that  the  principal  discussion  shall  take  place  at  the  New  York  meeting, 
when  the  largest  attendance  may  be  expected. 

The  general  procedure  is  that  an  amendment  must  be  presented  at  a  semi- 
annual meeting,  and  be  open  to  discussion  and  to  such  amendment  as  the 
mover  sees  fit  to  accept.     The  amendment  is  then  printed  and  mailed  to  the 
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nienil)orshiji.  ami  M  tlio  DcrcnilxT  ino(>tiii,ii  followiii;^,  the  suhjcct  is  l)n)ii;;lit 
before  Iho  Socu'ty  for  discussion  and  aiuciuliiu'iits  acceptable  to  tlic  mover. 
A  vote  is  then  taken  as  to  whether  the  aineiulnient  shall  he  submitted  to  the 
members  for  a  letter  ballot.  If  twenty  members  shall  vote  in  favor  of  such  sub- 
mission, a  letter  ballot  shall  be  taken  in  the  manner  prescribed  in  the  Hy-Laws. 

The  important  subject  of  protectin*::  the  Society  from  unsuitable  candidates 
has  been  appreciated  by  the  Committee,  and  the  subject  treated  in  the  fol- 
lowing; manner.  It  is  manifestly  impossible  for  a  member  to  personally  know 
all  the  applicants  for  membership,  and  the  Society  cannot  be  adequately  pro- 
tected by  a  membership  vote  alone,  no  matter  how  fully  the  candidate's  quali- 
fications are  presented  to  the  voter. 

A  member  receivino;  a  list  of  candidates  is  entitled  to  know  that  each  name 
has  been  carefully  scrutinized  as  to  the  applicant's  engineering  qualifications, 
as  well  as  his  suitability  for  membership.  To  insure  a  careful  consideration, 
the  duties  of  the  Membership  Committee  are  specified  in  considerable  detail 
in  B-2C).  The  sendinir  out  of  the  applicant's  references  and  qualifications  to 
tlie  membership  with  a  request  for  confidential  communications,  will  develop 
unfavorable  features  if  tliere  are  any,  and  tlie  Committee  will  not  pa.ss  the 
applicant's  name  forward  to  the  Council  if  there  is  doubt  of  his  enjijineering 
qualifications  or  his  character.  After  an  application  has  pa.ssed  the  scrutiny 
of  the  Membership  Committee,  the  Council  then  passes  upon  it.  It  must  re- 
ceive their  approval  before  it  can  ^o  out  to  the  members  for  a  letter  ballot. 

Thus  we  have  two  bodies  scrutinizing;  each  application,  a  plan  which  it  is 
thong;ht  will  fully  protect  the  Society  and  <rive  an  assurance  to  the  voters  that 
every  precaution  has  been  taken  in  each  name  presented  to  them  for  ballot. 
With  this  protection  against  unsuitable  applicants,  there  is  but  little  necessity 
for  giving  extended  consideration  to  the  number  of  adverse  votes  to  defeat  an 
election. 

Paragraph  C-16  has  been  drawn  with  an  expectation  that  our  Society  will 
largely  increase  its  membership  in  a  few  years.  The  number  of  adverse  votes 
required  to  defeat  an  election  in  our  present  Rules  is  seven.  This  number 
was  adopted  when  the  Society  was  much  smaller  than  at  present.  It  is  self- 
evident  that  as  the  membership  increases  this  number  should  also  be  increased. 
The  percentage  scheme  in  the  present  draft  will  adjust  the  number  automatically 
as  the  Society  develops.  If  the  proposed  rule  be  applied  to  the  Society  at  the 
time  the  present  rule  was  adopted,  the  number  of  adverse  votes  to  defeat  an 
election  would  be  practically  the  same  as  then  specified. 

As  the  Society  increases  in  numbers,  the  burden  upon  the  Secretary  will  in- 
crease, unless  a  material  portion  is  assigned  to  the  Standing  Committees, 
as  proposed  in  this  Constitution. 

There  arc  six  standing  committees  specified  in  C-45,  each  composed  of  fi^■e 
members.  Especial  care  has  been  taken  in  Sections  B-22  to  29,  enumerating 
their  duties,  to  call  for  frequent  meetings,  as  well  as  to  specify  in  considerable 
detail  the  duties  they  are  to  perform. 

One  of  the  first  objects  sought  in  the  revision  was  to  have  each  committee 
organized,  so  that  only  one  member  retires  each  year,  thus  enabling  a  com- 
mittee to  consider  and  adopt  a  policy  and  then  to  consistently  carry  it  into 
execution. 

This  plan  will  bring  into  the  active  work  of  the  Society  thirty  Members, 
Associates,  and  Juniors,  in  addition  to  the  elective  officers.  This  widening 
of  the  field  of  interested  members  seems  a  more  desirable  plan  than  to  restrict 
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the  management,  and  tlio  honors  to  the  small  number  elected  by  bidlot  as  would 
be  the  case  if  the  Conunittees,  or  even  the  Cliairmen,  were  to  be  selected  from 
the  Council.  Usually  the  Council  has  only  two  or  three  members  that  can 
conveniently  meet  monthly  for  committee  work,  and  to  appoint  those  whose 
residence  or  business  makes  it  inconvenient  to  attend  meetings,  is  to  invite  im- 
perfect or  incomplete  work. 

The  chairmanship  of  these  committees  will  soon  become  posts  of  influence 
and  hi^h  honor,  and  will  attract  men  of  ability,  who  will  feel  honored  in  giving 
the  time  necessary  to  carry  on  the  committee  work.  Juniors  cannot  hold 
elective  office  under  our  Rules,  but  can  become  active  and  influential  members 
of  suitable  standing  committees. 

Respectfully  submitted, 

C.  W.  Hunt. 
Jesse  M.  Smith. 

D.  S.  Jacobus. 

R.  H.  SOULE. 

Geo.  M.  Basford. 

At  the  close  of  the  presentation  of  this  report  the  Chairman 
presented  the  following  resolutions: 

Resolved,  That  the  form  of  a  Constitution,  By-laws  and  Rules,  presented  by 
the  Special  Committee  on  Rules  and  IVIethods,  be  submitted  to  the  membership 
for  a  letter  ballot  vote,  as  required  in  Article  45  of  the  present  Rules. 

Resolved,  That  the  ballot  shall  close  at  eleven  a.m.  on  the  Wednesday  fol- 
lowing the  first  Tuesday  in  December  next. 

Resolved,  That  the  Secretary  shall  verify  the  signature  on  the  envelope  in- 
closing each  ballot  cast. 

Resolved,  That  the  President  shall  appoint  three  tellers  to  canvass  the  vote 
and  report  the  result  thereof  to  the  meeting. 

These  resolutions  were  duly  seconded  and  the  question  was 
open  for  debate. 

Mr.  Gus  C.  Hennijig  spoke  in  appreciation  of  the  work  of  the 
Committee,  and  particularly  of  his  pleasure  in  noting  that  the 
Committee  had  thought  favorably  of  his  suggestion  concerning 
the  creation  of  Sections  of  the  Society.  It  was  his  opinion,  how- 
ever, that  the  importance  of  this  idea  was  not  sufficiently  em- 
phasized by  making  the  organization  of  these  sections  a  per- 
missive matter  in  the  discretion  of  the  Council.  He  thought  it 
should  be  obligatory  upon  the  Council  to  proceed  with  the 
organization  of  the  sections  and  recommended  that  the  second 
article  of  the  Constitution  should  be  made  to  read  as  follows : 

''C  2.  The  object  of  the  Society  is  to  promote  the  arts  and  sciences  con- 
nected with  engineering  and  mechanical  construction.  The  principal  means 
for  this  purpose  shall  be  the  creation  of  sections  in  such  centres  where  a  demand 
for  them  may  arise;    the  holding  of  meetings  of  the  Society  and  its  sections, 
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for  the  nvidini;  and  discussion  of  professional  papers,  and  for  social  intercourse;; 
tlic  publication  and  distribution  of  its  pajuTs  for  (li.scussion,  and  the  inaintciiuiicc 
of  an  cnn'iiKMM'inu'  libi-ai'v." 

The  Chaifinaii  of  the  Conimitteo  opposed  tlie  suf^<^este(l  clKiiif^e. 

At  tlie  conclusion  of  the  debate  on  this  (piestion  the  President 
])ut  ]\[r.  Ilenning's  motion  to  amend;  and  it  was  lost. 

J\lr.  ]\[illei'  presented  tlie  following: 

Mr.  Fred  J.  Miller. — In  regard  to  ])aragra])li  "  C  12  "  it  reads: 

*'  The  rights  and  privileges  of  every  member  shall  be  personal 
to  himself,  and  shall  not  be  transferred  or  transmissible  by  his 
own  acts  or  by  the  operation  of  law." 

]S"ow,  it  is  exjilained  by  the  Committee,  in  the  first  draft  sent 
out,  that  this  is  a  ncAV  article  from  a  kindred  society  which  em- 
])hasizes  the  fact  that  this  is  not  a  business  Society,  etc.  I  wish 
to  ask  if  the  Committee  has  assured  itself  that  this  does  not 
really  mean  more  than  that  ?  It  says  that  no  member  by  his 
own  act  may  transfer  any  right  Avhich  he  possesses  in  the  Society 
to  any  other  member.  That  would  apply  to  voting,  and,  if  so, 
that  is  contrary  to  the  law,  because  a  member  has  a  right  to 
transfer  his  right  to  vote  to  any  other  member  by  giving  him 
a  proxy  for  that  purpose.  In  after  years,  perhaps,  after  the 
events  which  have  recently  taken  place  in  connection  with  this 
Society's  affairs  have  passed  out  of  men's  minds,  they  may,  in 
reading  this  over,  conclude  that  they  have  no  right  to  do  things 
Avhich  as  a  matter  of  fact  they  have  a  right  to  do;  they  may  not 
know  that  the  law  under  which  this  Society  is  organized  gives 
the  right  to  every  member  of  the  Society  to  have  his  vote  re- 
corded on  every  question  by  means  of  a  proxy,  if  he  so  desires. 

Mr.  Ihint. — That  is  covered  in  ^'C  7,"  which  reads,  '^Hon- 
orary members,  members  and  associates,  are  entitled  to  vote  on 
all  questions  before  any  meeting  of  the  Society,  in  person  or  by 
a  proxy  given  to  a  voting  member.  A  proxy  shall  not  be  valid 
for  a  greater  time  than  six  months."  The  other  section  men- 
tioned is  to  prevent  a  claim,  on  the  assets  of  the  Society  either 
by  the  heirs  of  members,  or  by  those  who  have  been  expelled 
from  the  Society.  It  has  been  found  useful  in  another  engineer- 
ing society.  The  Committee  inserted  this  section  so  as  to  have 
the  members  feel  that  it  was  a  membership  and  not  a  business 
association. 

The  President  then  put  the  question  on  the  adoption  of  Mr. 
Hunt's  resolutions,  which  was  carried. 


862  PROCEEDINGS   OF  THE 

Mr.  Arthur  M.  Waitt  moved  that  the  Society  tender  a  vote 
of  tlianks  to  the  Committee  for  the  very  able  work  which  they 
had  done  in  connection  with  tlie  matter  referred  to  them. 

The  Secretary  read  the  following  letter  from  Mr.  H.  K. 
Towne,  who  had  at  one  time  been  a  member  of  the  Committee 
and  had  taken  part  in  some  of  its  early  work. 

New  York,  June  17,  1903. 
Prof.  F.  R.  Hutton, 

Sec'y.  A.  S.  M.  E., 

12  West  31st  St.,  N.  Y. 
Dear  Sir: — At  the  proper  time,  durin<^  the  discussion  on  the  report  of  Mr. 
Hunt's  committee  on  the  revision  of  the  Rules,  I  will  thank  you  to  introduce 
and  place  on  record  this  brief  expression  of  my  opinion  of  the  quality  and  value 
of  the  work  of  the  committee. 

Having  long-  taken  an  interest  in  the  subject,  and  having  assisted  the  com- 
mittee during  the  early  stage  of  its  work,  I  am  in  position  to  appreciate  the  vast 
amount  of  careful  and  intelligent  study  which  the  committee  has  devoted  to 
its  work,  the  outcome  of  which,  when  ratified  by  the  membership,  will  give  us 
a  better  Constitution  and  By-laws  than  those  of  any  other  Engineering  Society 
of  which  I  have  knowledge. 

I  congratulate  the  committee  on  the  completion  of  its  labors,  and  the  Society 
upon  the  improvement  in  the  conduct  of  its  affairs  which  will  surely  result 
under  a  plan  of  organization  and  of  business  which  luis  beeji  so  carefully  con- 
sidered and  so  well  devised. 

Yours   very   truly, 

Henry  R.  Towne. 

The  President  then  called  upon  Prof.  H.  W.  Spangler  to  pre- 
sent a  report  from  the  Committee  which  has  been  appointed  to 
consider  and  report  upon  desirable  specifications  for  boiler  plate, 
steel  forgings  and  steel  castings.  The  report  of  this  Committee 
and  the  debate  on  some  of  its  recommendations  appear  as  an 
appendix  to  these  minutes.  (N"o.  979,  Appendix  4.)  The  Com- 
mittee requested  that  it  might  have  the  benefit  of  any  opinion 
upon  its  tentative  report. 

On  motion  of  the  Chairman  the  meeting  approved  the  request 
that  it  should  be  sent  to  the  members  for  discussion  and  com- 
ment, which  was  duly  carried. 

The  President  then,  read  the  following  communication : 

Philadelphia,  J^ine  19,  1903. 
To  THE  American  Society  of  Mechanical  Engineers: 

Gentlemen: — The  Pennsylvania  Railroad  System  has  arranged  with  the  Uni- 
versal Exposition  of  1904,  at  St.  Louis,  to  install  as  a  portion  of  its  exhibit  in 
the  Department  of  Transportation,  a  Locomotive  Laboratory,  to  be  built  upon 
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tlio  most  appnn-od  dosipis,  and  to  l)(>  operated  durinj:;  the  seven  iiiontlis  of  tlie 
Exposition  for  testiiiii"  loeoinoti\'es. 

The  entire  exhibit,  inehuiiii*:;  the  locomotive  laboratory,  will  be  in  ehar<^c 
of  Mr.  F.  1).  Casanave,  Speeial  Ajxent,  who  is  authorized  to  act  for  the  Peinisyl- 
vania  Hailroad  System  in  all  matters  pertainin<r  thereto. 

It  is  the  desire  of  the  Pennsylvania  Hailroad  System,  as  well  as  of  the  Kx- 
position,  that  the  series  of  tests  to  be  conducted  sliall  be  upon  the  hii^hest 
scientific  basis,  and  the  effort  will  be  made  to  obtain  results  wliich  will  be  of 
permanent  value.  Tlu>  (U^tails  of  the  ])lan  have  not  yet  been  fully  perfect(5<i, 
but  it  is  expected  that  a  lar<2;e  luunber  of  the  most  recent  desi<!;ns  of  American 
and  European  locomotives  will  be  carefully  and  thoroughly  tested. 

In  order  that  the  best  results  possible  may  be  attained,  it  has  been  decided 
lo  ask  your  honorable  body,  and  the  American  Railway  Master  Mechanics' 
Association  each  to  appoint  an  advisory  conuuittee  of  three  members.  The 
Pennsylvania  Railroad  System  will  provide  all  necessary  apparatus  and  the 
force  of  eniiineers  necessary  to  conduct  the  tests.  It  is  desired  that  the  ad- 
visory connnittee  shall  assist  in  layinj;-  out  the  proj2;ramme  of  tests  and  in  making 
the  plans  that  are  necessary  to  secure  the  most  important  and  most  reliable 
results.  You  are  requested  to  appoint  such  a  connnittee,  and  to  select  men 
who  will  l)e  willino-  and  able  to  give  the  necessary  time  and  stud3'-to  the  subject. 
It  is  important  tliat  the  plans  should  be  effected  at  the  earliest  date  possible 
in  order  to  secure  the  hearty  and  full  co-operation  of  the  railroad  companies 
and  the  locomotive  builders,  both  in  this  coimtry  and  in  Europe. 

It  is  our  intention  to  ask  the  General  Commissioners  of  the  principal  Eu- 
ropean countries  to  appoint,  each,  a  mechanical  engineer  of  high  standing  to 
represent  those  countries  on  the  advisory  committee. 
Yours  sincerely, 
For  the  Pennsylvania  Railroad  System: 

J.    J.    Turner,    Third    Vice-President. 
Theo.   N.    Ely,    Chief  of   Motive   Power. 
For  the  Universal  Exposition,  1904,  St.  Louis: 

WiLLARD  H.  Smith,  Chief,  Department  of 

Transportation  Exhibits. 

On  motion  the  Society  voted  that  such  an  "  advisory  commit- 
tee "  be  appointed  by  the  President  in  pursuance  of  the  request 
in  the  communication.  The  President  subsequently  appointed 
Prof.  ^y.  F.  M.  Goss,  J.  E.  Sague,  and  E.  ]\I.  Herr  such  a 
committee. 

The  President  then  asked  for  any  other  general  business, 
motions  or  resolutions,  and  none  being  presented  the  professional 
papers  vrere  taken  up  as  follows:  ^'Turbine  Flow  Recorder," 
by  Charles  M.  Allen;  "Some  Data  on  Ifoisting  Hooks,"  by 
John  L.  Bacon;  "  Strains  Produced  by  the  Excessive  Tio^hteninor 
of  Nuts,"  by  A..  Bement;  "An  Indicating  Anglemeter,"  by 
C.  E.  Sargent;  "Recent  Practice  in  Forcing,  Shrinking,  Driv^- 
ing  and  Rimning  Fits  and  Limits 'for  Limit  Gauges,"  by  Stanley 
56 
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IE.  Moore.  Messrs.  F.  A.  AVaKlron,  Gus.  C.  Ilenning,  A.  E. 
Johnson,  Oberlin  Sniitli,  J.  Mcdeor^i^e,  Fred  J.  Miller,  Crane, 
N.  Sanders,  J.  M.  Sweeney,  C.  B.  Calder  participated  in  the  dis- 
cussion of  these  papers. 

Third  Session.     Wednesday,  2.30  p.m. 

Tlie  papers  for  this  session  were  as  follows:  ''The  Machine 
Shop  Problem,"  by  Charles  Bay;  "  Craphical  Daily  Balance  in 
Manufacture,"  by  H.  L.  Gantt;  "  Shop  Management,"  by  Fred 
W.  Taylor;  "The  Steam  Turbine  from  an  Operating-  Stand- 
point," by  F.  A.  Waldron.  The  discussion  was  participated  in 
by  Messrs.  Taylor,  Kent,  Gantt,  Calder,  H.  B.  Ayers,  Halsey, 
McGeorge,  Mr.  Peck  (Schenectady),  H.  E.  Towne,  DuBrul, 
J.  T.  Hawkins,  H.  Emerson,  Oberlin  Smith,  J.  B.  Blood,  II.  M. 
Lane,  F.  Y.-  Ilenshaw,  Gus.  C.  Henning,  S.  S.  Webber,  Pomeroy, 
A.  M.  Mattice,  W.  L.  K.  Emmett,  C.  Y.  Kerr. 

On  the  evening  of  Wednesday  a  most  entertaining  programme 
had  been  arranged  by  the  Local  Committee  for  the  pleasure  of 
its  guests.  The  "Jest  and  Song  Club"  of  Schenectady,  an 
organization  made  up  principally  from  the  young  technical 
graduates  bearing  some  relation  to  the  works  of  the  General 
Electric  Company,  had  constituted  itself  a  minstrel  show  with 
four  end  men  at  each  end,  with  the  historic  bones  and  tam- 
bourines. The  entertainment  consisted  of  songs,  choruses,  a 
banjo  solo,  and  a  most  enjoyable  sleight-of-hand  performance, 
interspersed  with  stories,  which  had  nearly  all  of  them  an  aspect 
of  what  are  known  as  "grinds"  upon  members  of  the  Society. 
It  would  be  aside  from  the  purpose  of  this  formal  record  to  re- 
peat these,  but  they  will  not  soon  be  forgotten  by  those  who 
had  the  pleasure  of  listening  to  them.  The  entertainment  will 
be  one  of  the  most  pleasant  memories  which  the  visitors  will  take 
away  from  the  Saratoga  Meeting. 

Fourth  Session.     Thursday,  June  25th,   9.30  a.m. 

Professional  papers  were  taken  up  as  follows:  "  Experimental 
Boiler  of  Ohio  State  University,"  by  E.  A.  Hitchcock;  "  Curves 
of  Water  Consumption  for  Yarious  Horse-Powers  of  Several 
Engines,"  by  D.  S.  Jacobus;  "Drawing  Office  Equipment," 
by  John  McGeorge;  "Bursting  of  Emery  Wheels,"  by  C.  H. 
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r»onjamin,  and  '' To])icjil  Discussion  and  Xotes  of  Kx|)('rionc'e. " 
>[essrs.  Allan  Sterling,  A.  lU'meiit,  U.  S.  Hale,  A.  A.  ("aiv, 
J.  ^[cGeorgc,  AVilliam  Kent,  G.  I.  Ilockwood,  (,-.  V.  Kerr,  J.  S. 
roon,  I.  ir.  Eeynolds,  F.  K.  Lo\v,  J.  11.  Parker,  J.  (^alder, 
F.  W.  Dean,  E.  11.  Whitlock,  F.  A.  AValdron,  II.  A.  Kiclmiond, 
Cole,  E.  ir.  Neff,  L.  P.  Brockenridge,  F.  V.  Ilenshaw  participated 
in  the  discussion  on  these  various  subjects. 

On  the  afternoon  of  Thursday  the  niend)ers  were  given  op])or- 
tunity  to  elect  several  alternative  excursions.  The  larger  num- 
bers chose  either  the  visit  to  Troy  and  AVatervliet,  or  to  tlie 
Spiers  Falls  plant  of  the  Hudson  Eiver  Power  Company.  The 
complete  list  of  alternatives  is  as  follows: 

1.  Mechanicville,  Duncan  Paper  Mill  and  Hudson  lii\er  Power  Co.  Station. 

2.  Watervliet  Arsenal  and  Cluett,  Peabody  &  Co.  P'attory  at  Troy. 

3.  Albany  Filtration  Plant. 

4.  Albany  Capitol,  City  Hall  and  Park. 
Leave  by  trolley  for 

5.  Spiers  Falls,  Xew  Power  Plant  of  Hudson  River  Power  Co. 
Leave  by  D.  &  H.  R.  R.  for 

6.  Sandy  Hill  to  visit  the  new  Sulphite  Mill  in  the  L^nion  Bag  &  Paper  Go's. 
Plant. 

In  the  evening  the  Local  Committee  arranged  for  the  recep- 
tion to  its  visitors,  in  the  ball-room  of  the  United  States  Hotel. 
The  Chairman  of  the  Local  Committee,  and  the  President  of  the 
Society  received  the  members  as  they  entered  the  room,  and  the 
orchestra  played  for  dancing  after  the  collation. 

Fifth  Session.     Friday,  June  25th. 

In  the  morning  the  members  of  the  Society  were  made  the 
guests  of  the  American  Locomotive  Company,  and  were  taken 
by  special  train  to  the  yards  of  that  comj^am^  at  Schenectady, 
Avhere  they  Avere  escorted  through  the  plant  under  the  guidance 
of  the  representatives  of  the  company.  Assembling  at  the 
charming  grounds  of  the  Mohawk  (jolf  Club,  just  outside  of  the 
city  limits,  the  members  and  their  ladies  were  entertained  at 
luncheon  and  the  gentlemen  adjourned  to  the  session,  which  was 
held  in  the  chapel  of  Union  College.  The  members  Avere  wel- 
comed by  Prof.  O.  H.  Landreth,  ]n ember  of  the  Society,  in  the 
absence  of  President  A.  Y.  Y.  Raymond,  Avho  specially  invited 
the  members  to  enjoy  the  stroll  through  the  old  college  grounds 
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if  time  permitted  at  the  close  of  the  session.  The  President  of 
the  Society  in  fitting  Avords  replied  to  the  welcome,  and  called 
for  the  professional  papers  allotted  to  this  meeting. 

The  paper  by  Mr.  John  Riddell,  descriptive  of  the  sixty-foot 
boring  mill  at  the  General  Electric  Company,  was  read  by  the 
Secretary,  and  the  paper  of  Mr.  Walter  I.  Slichter  on  *' Alter- 
nating Current  Motors  for  Variable  Speeds"  AVas  read  by  the 
author.  Mr.  George  W.  Colles  presented  written  discussion 
which  was  read  by  the  Secretary,  but  tlie  other  participants  in 
debate  who  had  expressed  their  purpose  to  take  part  were  not 
in  the  room.  The  final  paper  was  by  Mr.  A.  H.  Eldredge  on 
^'  Positive  Governor  Drives  for  Corliss  Engines,"  which  was  dis- 
cussed by  Messrs.  Cary  and  McGeorge. 

The  President  took  occasion  at  this  session  to  announce  under 
the  provisions  of  Article  31  of  the  Eules,  the  constitution  of  the 
Nominating  Committee,  who  should  present  nominations  for 
officers  of  the  Society,  to  be  elected  in  advance  of  the  annual 
meeting  in  December.     He  announced  as  the  selected  committee, 

Messrs.  Jesse  M.  Smith,  of  New  York, 
F.  W.  Taylor,  of  Philadelphia, 
Alex.  Dow,  of  Detroit, 
Walter  McFarland,  of  Pittsburj^, 
James  B.  Stan  wood,  of  Cincinnati, 

Before  adjournment  the  Society  expressed  its  thanks  to  Union 
College  for  the  courtesy  extended  of  the  use  of  the  chapel  for 
this  session. 

The  Secretary  made  brief  reference  to  the  heroic  death  of  Mr. 
Edward  Grafstrom,  member  of  the  Society,  who  had  lost  his 
life  in  the  attempt  to  save  the  lives  of  others  during  the  great 
Mississippi  flood  at  Topeka,  Kansas,  in  which  city  he  was  located 
as  mechanical  engineer  of  the  Atchison,  Topeka  &  Santa  Fe 
Railroad.  On  motion  of  Mr.  Henning,  the  Society  directed  that 
a  suitable  minute  should  be  incorporated  into  the  'memorial 
notices  of  the  year  concerning  the  circumstances  of  Mr.  Graf- 
strom's  death. 

The  meeting  then  adjourned  to  be  conveyed  in  trolley  cars  pro- 
vided by  the  Local  Committee,  for  a  visit  at  the  works  of  the 
General  Electric  Company  in  Schenectady,  after  which  the  train 
met  the  party  in  the  yard,  and  conveyed  it  back  to  Saratoga. 
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Closing  Session.     Friday,  Jink  2<»tii,  8.30  r.M. 

The  closing  session  of  the  convention  Avas  held  in  the  evenin^j^ 
on  the  return  from  tlie  Schenectady  excursion.  Professional 
pajHM's  were  as  follows:  "Tests  of  a  111 -Horse- Power  (ias  En- 
gine,'' by  C.  11.  Eobertson;  ''  Performance  of  an  Internal  Com- 
bustion Engine  Using  Kerosene  as  Fuel,"  by  IE  F.  IlaHadav 
and  ^[r.  G.  O.  Ilodge;  ''A  Method  of  Testing  Gas-Engines," 
by  E.  C.  Oliver:  ''Hot  AVell  as  an  Oil  Extractor,"  by  A.  H. 
Eldredge;  ''Comparative  Oil  Tests,"  by  AV.  F.  Parisli;  "Tests 
of  ail  Eight  Foot  Fan  Blower,"  by  E.  S.  Farwell.  The  only 
discussion  was  by  F.  R.  Iluttoii  and  A.  A.  Cary. 

At  the  close  of  the  docket  of  papers,  motions  and  resolutions 
were  in  order,  and  as  a  matter  of  form  and  compliance  with  the 
rules  an  opportunity  was  given  at  this  point  to  discuss  the  pro- 
posed amendments  as  required  in  Article  45.  Xo  one  availing 
liimself  of  this  opportunity,  the  Secretary  presented  tlie  follow- 
ing resolutions  on  behalf  of  a  committee  appointed  to  draft  them. 


The  American  Society  of  Mechanical  Engineers  has  been  put  under  great 
obligation  by  the  courtesies  which  it  has  enjoyed  at  the  hands  of  its  hosts  during 
its  Saratoga  Convention. 

The  Societ)'  takes  this  way  of  expressing  its  thanks  and  recognition  to  these 
hosts  for  their  generous  intention,  and  for  the  successful  carrj-ing  out  of  the 
entertainments  during  the  stay  of  the  visiting  members. 

1.  Resolved,  That  the  American  Society  of  Mechanical  Engineers  extends  to 
the  American  Locomotive  Company,  of  Schenectady,  its  sincere  thanks  for  the 
courtesy  which  has  made  the  Society'  the  guests  of  the  Locomotive  Company 
during  the  Schenectady  trip  on  Friday.  They  would  express  their  pleasure  in 
the  visit  of  inspection  to  the  shops,  and  in  the  attention  which  surrounded  the 
visitors  during  the  entire  day. 

2.  Resolved,  That  the  Society  extends  its  thanks  to  tlie  General  Electric 
Compan}'  for  the  invitation  to  visit  its  extensive  works  at  Schenectady,  and 
for  the  courtesies  which  were  enjoyed  during  that  visit.  It  would  expre.s.s 
its  pleasure  in  the  opportunity  of  seeing  the  scale  on  which  modern  electrical 
machinery  is  built  to  meet  the  industrial  demands  which  the  mechanical  en- 
gineer has  created,  and  its  interest  in  seeing  the  special  machinery  which  has 
been  so  developed  to  meet  these  new  wants. 

3.  Resolved,  That  the  thanks  of  the  Society  are  due  to  the  Duncan  Paper 
Company  of  Mechanicville,  for  the  invitation  to  include  that  establishment 
in  the  list  of  excursions  planned  for  the  afternoon  of  Thursday. 

4.  The  Society  would  ask  that  Commandant  Shaler,  of  the  Watervliet  Arsenal, 
would  accept  the  sincere  thanks  of  the  Society  for  the  courtesies  enjoyed  at  his 
hand,  and  for  the  invitation  which  he  secured  from  the  General  Ordnance 
Officer,  that  the  Society  should  be  the  guests  of  the  Arsenal,  and  of  its  Com- 
mandant on  Thursday  afternoon.     It  would  express  the  pleasure  of  the  Nisitors 
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that  they  should  have  had  an  opportunity  to  witness  the  operation  of  shrink- 
in<»;  on  a  sun  sleeve,  and  for  the  privilef2;e  of  secinjz;  the  machinery  and  operations 
of  the  Arsenal  so  completely,  and  under  such  courteous  j^uidance. 

5.  The  Society  would  ask  that  Messrs.  Cluett,  Peabody  &  Company,  of  Troy, 
would  accept  the  sincere  thanks  of  those  members  who  were  privileged  to  visit 
their  extensive  plant  and  see  the  manifold  operations  which  produce  the  results 
with  which  so  many  are  familiar.  It  is  true  that  fourteen  thousand  dozen  does 
not  express  to  most  visitors  an  intellij2;ible  idea  of  numbers,  and  yet  the  mag- 
nitude of  the  establishment  and  the  strenuous  character  of  the  processes  which 
they  inspected  will  not  soon  be  for^ijotten. 

G.  Resolved,  That  the  thanks  of  the  Society  are  due  and  extended  to  the 
Union  Bag  &  Paper  Company,  of  Sandy  Hill,  for  the  invitation  to  include  their 
works  in  the  list  of  excursions  enjoyed  by  the  Society  during  the  Saratoga  Con- 
vention. 

7.  The  American  Society  of  Mechanical  Engineers  take  pleasure  in  recogniz- 
ing the  courtesy  which  it  has  enjoyed  from  the  faculty  and  trustees  of  the 
Union  College  in  Schenectady,  and  of  Dr.  A.  V.  V.  Raymond,  President  of  the 
College,  in  the  privilege  of  assembling  for  its  Schenectady  session  in  the  Chapel 
of  the  Union  College,  and  for  other  courtesies  during  its  visit  to  that  institu- 
tion of  learning. 

The  Mechanical  Engineers  are  always  prompt  to  recognize  the  close  bond 
existing  between  its  work  and  that  of  the  educators,  and  to  express  the  obli- 
gatioq  which  the  practitioners  of  engineering  owe  to  the  earnestness  and  faith- 
fulness of  the  teacher. 

8.  To  Messrs.  Baker  &  Shevlin,  of  Saratoga,  the  thanks  of  the  Society  are  due 
for  the  courtesy  of  the  invitation  to  visit  their  works  and  to  study  the  inter- 
esting character  of  their  shop  equipment. 

9.  Resolved,  That  the  American  Society  of  Mechanical  Engineers  desires  to 
record  its  special  thanks  and  recognition  to  the  Hudson  River  Power  Company, 
and  its  capable  and  energetic  President,  Mr.  E.  A.  Ashley,  for  the  courtesies 
enjoyed  at  their  hands  on  the  occasion  of  the  visit  to  the  plant  of  that  Company 
during  the  Saratoga  convention. 

The  ladies  in  particular  would  ask  that  Mrs.  Ashley  would  feel  assured  of  the 
appreciation  which  they  have  felt  for  the  interest  which  she  took  in  their  visit. 

10.  One  of  the  pleasantest  memories  which  the  guests  at  Saratoga  will  carry 
away  witli  them,  and  which  will  irradiate  their  glances  as  they  look  backward, 
will  be  that  of  the  entertainment  of  the  ''Jest  and  Song  Club,"  of  Schenectady, 
on  Wednesday  evening.  The  temperance  lecture  embodied  in  the  study  of 
"A  loss  of  head  due  to  flow  of  liquids  through  an  oral  orifice;  the  memory  of 
double  barrelled  politeness;  of  visits  to  Europe  in  the  interest  of  the  metric 
system;  interwoven  with  most  enjoyable  music;  and  the  achievement  of  the 
other  artists  will  not  soon  be  forgotten. 

11.  The  ladies  of  the  Society  under  its  precedents  do  not  have  a  voice  in  its 
public  meetings  and  official  acts.  It  must  be  left,  therefore,  for  those  who  rep- 
resent them,  and  who  have  been  alleged  in  such  formal  acts  as  these  to  embrace 
the  ladies  to  put  on  record  on  their  behalf  the  thanks  which  should  be  trans- 
mitted to  the  ladies  of  the  local  committee  of  residents  for  their  arrangements 
for  the  pleasure  of  the  ladies  upon  the  drives  and  excursions  of  the  stay  of  the 
engineers  in  Saratoga.  These  drives  and  trips  have  been  most  thoroughly  en- 
joyed in  spite  of  the  threatening  and  forbidding  weather,  and  the  Society  asks 
that  in  this  clumsy  way  it  may  try  to  voice  the  thanks  of  the  visitors. 
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r_'.  The  Aincrican  Society  of  .Mechanical  I'ji-iiiicers,  in  a  loiiti;  vista  of  suc- 
cessful inectinjis,  is  not  likely  soon  to  for.uct  the  (leliu;htful  atmosphere  which 
has  pervaded  the  sessions  of  its  XL\'IIth  ineetin<j:.  It  is  to  the  local  cotu- 
•nittee  of  residcMit  ineuil)(>rs  that  the  success  of  a  nieetin-:;  in  its  non-technical 
vide  nnist   al\va\s  he  mainly  due. 

13.  The  Society  asks  that  Mr.  .\.  L.  Hohrer,  Mr.  H.  G.  Heist,  Secretary,  and 
those  who  have  acted  as  Chairmen  of  the  Suh-Conunittees  of  their  orj^aniza- 
tions,  will  accept  the  sincere  thanks  of  the  visitors  for  the  adniirabh;  proi^rannne 
prepared  with  so  nuich  care  in  advance  of  the  meetin<r,  and  for  the  effective 
and  eneriictic  measure's  taken  to  carry  out  the  provisions  and  arrangements  of 
the  nu>etinii;. 

The  Society  would  ask  that  throuiih  the  Committee  they  may  be  able  to  reach 
all  tho.se  individuals,  firms  and  oriianizations  which  have  placed  the  Society 
in  its  debt,  and  would  ask  that  the  local  committee  will  carry  in  their  memories 
this  expression  of  heartfelt  recognition  for  one  of  the  most  enjoyable  meetings 
in  the  hi.story  of  the  Society. 

14.  Resolved,  That  a  copy  of  these  resolutions  be  furnished  to  the  Daily  Sara- 
iogian. 

At  the  close  of  the  reading  of  these  resohitions,  which  were 
unaTiimously  adopted,  the  President  asked  for  any  further  busi- 
ness, and  none  being  presented  he  asked  the  Society  to  accept 
his  sincere  thanks  for  the  kindly  way  in  which  it  had  treated 
him  during  the  sessions,  and  announced  the  meeting  adjourned. 

The  register  showed  that  during  the  four  days  of  the  meeting 
there  were  315  members  in  attendance. 
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THE   CARNEGIE   GIFT  TO  ENGINEERING, 


The  Council  takes  great  pleasure  in  announcing  officially  to 
the  members  of  The  American  Society  of  Mechanical  Engineers, 
that  Mr.  Andrew  Carnegie,  a  member  of  the  Society,  has  pre- 
sented to  the  profession  of  Engineering  a  notable  gift.  His  let- 
ter of  presentation  is  as  follows : 

"  2  East  91st  Street, 
''  E"ew  York,  February  14th,  1903. 

''  Gentlemen  of  the  American  Society  of  Civil  Engineers, 

American  Society  of  Mechanical  Engineers, 
American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers, 
and  The  Engineers'  Club. 

It  will  give  me  great  pleasure  to  give,  say,  one  million  dollars 
to  erect  a  suitable  Union  Building  for  you  all,  as  the  same  may 
be  needed. 

*'  With  best  wishes, 

' '  Truly  yours, 
' '  (Signed)     Andrew  Carnegie.  ' ' 

It  is  the  purpose  of  this  munificent  donation  to  bring  the 
libraries,  assembly  halls,  offices  and  meeting  rooms  of  the  vari- 
ous organizations  Avhich  shall  enter  into  this  enterprise  into  one 
great  building,  specifically  devoted  to  "engineering,  ample  in 
size  for  individual  privacy  and  at  the  same  time  arranged  defin- 
itely for  their  convenient  business  and  professional  uses.  The 
building  will,  in  addition,  provide  a  meeting  place,  both  suitable 
and  adequate,  for  sach  technical,  scientific,  and  engineering 
bodies  as  may  desire  the  use  of  a  properly  equipped  auditorium, 
together  with  accommodations  for  their  offices,  if  such  shall  be 
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nocileil.  Jt  has  been  particularly  the  wish  ui"  Mr.  Carnegie,  as 
with  many  others  interested  in  engineering,  that  the  profession 
should  be  brought  nearer  together,  both  as  professional  men 
and  as  individuals,  and  on  the  social  as  well  as  on  the  technical 
or  scientific  side.  The  social  function  of  the  Engineers'  Club 
seemed  a  happily  chosen  agency  for  this  end,  and  it  has  been 
utilized  by  including  this  body  in  the  benefits  planned  by  Mr. 
Carnegie.  The  form  of  the  provisions  for  organization  and  con- 
trol, which  have  been  embodied  in  the  resolutions  which  have 
been  acted  on  by  the  Council,  make  this  conception  still  more 
evident. 

The  societies  named  in  the  letter  of  ^Ir.  Carnegie  will  be  the 
property-holding  body,  but  of  course  this  is  with  full  intention 
that  b\'  lease  or  other  arrangement  the  building  shall  provide 
the  necessary  accommodation  for  other  organizations  of  kindred 
aim,  which  may  properly  attach  themselves  to  such  an  engi- 
neerino-  center.  A  building  of  a  frontage  of  125  feet  and  with 
a  height  of  ten  stories,  devoted  to  the  advancement  of  engineer- 
ing, will  be  in  itself  a  monument  to  engineering,  in  which  the 
profession  may  well  feel  a  pride. 

It  should  be  carefully  observed  that  each  society  is  to  preserve 
its  own  control  of  its  own  affairs  just  as  much  as  if  each  body 
was  in  an  isolated  building.  The  management  of  the  Engineers' 
Club  is  entirely  separate  from  that  of  the  engineering  societies, 
so  that  the  latter  are  entirely  free  from  any  responsibility  finan- 
cial or  otherwise  which  may  arise  in  the  management  of  the 
club.  There  is  no  ])urpose  at  present  to  interchange  member- 
ship privileges.  The  financial  interest  which  each  society  will 
assume  in  the  undertaking,  will  be  represented  either  in  the 
form  of  bonds  bearing  interest,  which  will  be  issued  by  a 
real  estate-holding  corporation,  or  in  some  other  form  which 
shall  be  satisfactory  to  the  joint  committee  representing  the 
societies. 

As  the  officers  of  the  societies  named  in  the  gift  could  not  act 
until  duly  authorized  by  their  respective  governing  bodies,  Mr. 
Carnegie  authorized  his  representative,  Mr.  E.  A.  Franks,  in 
the  foUowino:  letter,  to  advance  at  once  the  sum  necessarv  to 
purchase  options  upon  desirable  property,  abutting  on  the  lots 
on  -lOth  Street,  which  were  already  owned  by  the  Engineers' 
Club.  This  abutting  property  Avas  found  on  the  north  side  of 
30th  Street,  :Nos.   23,  25,  27,  29,  31  West  39th  Street.     Mr. 
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Franks'  letter  Avas  to  the  cliaiririaifi  of  a  sub-coininittee  appointed 
informally  by  representatives  of  the  various  societies,  and  is  as 
follows : 

*'  HoiJOKEN,  N.  J.,  May  13,  1903. 

*'  Dear  Mr.  Kafer:  I  have  yours  of  the  11th  instant,  and  in 
reply  would  say  that  Mr.  Carnegie  has  authorized  ine  to  j>ay 
for  options  on  property  for  new  Engineering  Building,  also  to 
furnish  the  funds  for  the  purchase  of  property  to  be  used  for 
site  for  the  building.  I  ain  therefore  in  position  to  pay  the 
amount  required  to  hold  the  property  referred  to  in  your  letter, 
and  to  pay  for  the  lots  if  they  be  secured. 

''  Yours  very  truly, 


(Signed) 


R. 


A.  Franks." 


It  Avas  apparent  that  this  matter  had  to  be  consummated  be- 
fore the  proposition  became  a  matter  of  public  information.  The 
sub-committee  took  up  the  matter  at  once,  and  the  options  were 
secured  in  a  few  days  at  satisfactory  prices,  Mr.  Franks  advanc- 
ing for  this  purpose  fifty  thousand  dollars. 

The  accompanying  sketch  map  shows  the  general  scheme  of 
the  enterprise.  The  plot  on  40th  Street  owned  by  the  Engineers' 
Club  has  a  frontage  of  50  feet  and  a  depth  of  100.  The  plot  on 
39th  Street  has  a  frontage  of  125  feet  with  a  depth  of  100  feet. 
The  combined  area  of  the  two  holdings  is  17,500  square  feet. 
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It  will  be  apparent  on  inspection  that  this  location  is  one  of 
the  most  eligible  ones  in  the  City  of  ]^ew  York.  The  New 
York  Public  Library  building  occupies  the  entire  eastern  front- 
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age  of  the  block  between  4otli  and  42(1  Street  on  Fil'lli  Avenue, 
^vhile  to  the  westward  of  it  is  the  open  stjuare  known  as  Hryant 
Park.  It  will  be  conveniently  accessible  from  the  terminals  of 
the  New  York,  Xew  Haven  and  Hartford  Uailroad,  and  the 
New  York  Central  and  Hudson  River  Uailroad  at  42d  Street,  at 
Park  and  ^fadison  Avenues,  and  from  the  Pennsylvania  terminal 
coming  in  from  the  west,  at  38d  Street  and  Seventh  Avenue. 
The  elevated  railway,  on  Sixth  Avenue  has  a  station  at  4'2d 
Street  and  the  Third  Avenue  elevated  at  -l:2d  Street  and  Park 
Avenue.  The  junction  of  the  Rapid  Transit  underground  lines 
at  43d  Street  and  Broadway  makes  this  an  im]>ortant  express 
station  both  from  down  town  and  from  the  north.  Convenient 
surface  lines  both  up  and  down  town  and  cross  town  intersect 
at  42d  Street.  The  hotel  district  of  the  city  is  centering  around 
this  particular  region. 

After  the  options  on  the  land  have  been  secured  by  its  sub- 
committee, the  presidents  of  the  societies  named  in  the  lett-er  of 
gift  met  on  April  30th  for  conference,  and  issued  to  the  govern- 
ing bodies  of  the  participant  societies  an  official  communication 
in  pamphlet  form  containing  ]\Ir.  Carnegie's  letter  and  a  pro- 
posed draft  of  resolutions  whereby  the  acceptance  of  the  gift 
might  be  realized.  Pursuant  to  this  call  the  Council  of  the 
American  Society  of  Mechanical  Engineers  met  on  Thursday, 
May  7,  1903,  with  an  unusually  large  attendance  of  seventeen 
members,  and  by  unanimous  vote  the  resolutions  were  passed, 
and  were  again  confirmed  and  elaborated  by  resolutions  passed 
at  a  second  meeting  of  the  Council  held  on  May  27,  1903.  The 
resolution  of  the  Council  under  Avhich  the  Society  accepts  the 
gift  of  Mr.  Carnegie  and  assumes  its  share  in  the  management 
of  the  great  trust  which  he  has  created  for  the  advancement  of 
the  profession  of  engineering,  and  to  secure  the  recognition  both 
in  the  community  and  in  the  world  at  large  which  should  attach 
to  engineering  in  its  broad  acceptation,  took  the  following  form: 

Besolced,  That  the  American  Society  of  Mechanical  Engineers 
shall  unite  with  The  American  Societv  of  Civil  Euirineers,  the 
American  Institute  of  Electrical  Engineers,  The  American  Insti- 
tute of  Mining  Engineers,  and  The  Engineers'  Club,  or  anv  of 
them,  for  the  purpose  of  accepting  the  sum  of  one  million  dollars 
as  a  gift  from  Mr.  Andrew  Carnegie,  for  the  purpose  of  erecting 
suitable  buildings  for  occupancy  by  various  societies  of  engi- 
neers, and  tlie  Engineers'  Clul),  on  the  sites  located  for  that  pur- 
pose on  the  north  side  of  39th  Street  and  south  side  of  4uth 
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Street  west  of  Fifth  Avenue,  in  the  City  of  New  York,  in  the 
State  of  New  York. 

2.  And  resolved  further,  That  the  American  Society  of  Me- 
chanical Engineers  has  a  very  higli  ai)preciation  of  this  very 
generous  gift  of  Mr.  Andrew  Carnegie,  and  this  additional  evi- 
dence of  his  recognition  of  the  engineering  profession  and  his 
deep  interest  in  the  welfare  of  the  national  societies  of  engineers 
and  the  Engineers'  Club. 

3.  And  resolved  fuHlier,  That  a  site  on  the  north  side  of  39th 
Street  shall  be  purchased  and  held  by  trustees  or  otherwise  as 
shall  be  determined  by  the  Joint  Committee  hereinafter  men- 
tioned, for  The  American  Society  of  Mechanical  Engineers, 
The  American  Society  of  Civil  Engineers,  The  American  Insti- 
tute of  Electrical  Engineers,  and  The  American  Institute  of 
Mining  Engineers,  or  by  such  of  them  as  shall  vote  in  favor  of 
coming  into  this  enterprise. 

4.  And  resolved  further,  That  a  Joint  Committee  shall  be 
created  to  be  composed  of  three  members  of  each  organization 
that  shall  unite  in  accepting  said  gift  of  one  million  dollars  from 
Mr.  Andrew  Carnegie;  and  that  the  governing  body  of  The 
American  Society  of  Mechanical  Engineers  shall  elect  three 
meinbers  of  this  Society  to  represent  it  on  and  be  members  of 
such  Joint  Committee;  and  that  the  governing  body  of  The 
American  Society  of  Mechanical  Engineers  shall  have  the  right 
and  power  to  remove  any  member  of  such  Joint  Committee 
who  shall  be  elected  by  it  and  to  elect  any  member  of  this 
Society  to  fill  any  vacancy  that  shall  occur  in  such  Joint  Com- 
mittee by  reason  of  the  death,  resignation,  or  refusal  to  act  or 
by  the  removal  of  any  member  who  shall  have  been  elected  by 
the  Council  of  this  Society  as  a  member  of  such  Joint  Committee. 

5.  And  resolved  further,  That  the  character  and  internal 
arrangement  of  the  building  to  be  erected  on  site  on  39th  Street, 
sliall  be  determined  upon  by  the  affirmative  vote  of  at  least  two- 
thirds  of  all  of  such  of  the  members  of  said  Joint  Committee  as 
shall  represent  all  of  the  organizations  other  than  the  Engineers' 
Chib  on  such  Joint  Committee;  and  that  the  character  and  in- 
ternal arrangement  of  the  club  building  to  be  erected  on  the  site 
on  40th  Street  shall  be  determined  upon  by  the  affirmative  vote 
of  all  of  the  three  members  of  such  Joint  Committee  who  shall 
represent  the  Engineers'  Club  on  such  Joint  Committee;  and 
that  the  apportionment  of  funds  between  the  two  buildings  shall 
be  determined  by  an  affirmative  vote  of  two-thirds  of  the  entire 
Joint  Committee. 

6.  And  resolved  further,  Tha,t  said  Joint  Committee  shall  by 
the  affirmative  vote  of  at  least  two-thirds  of  all  the  members 
thereof,  select  and  employ  an  architect  and  such  consulting  engi- 
neers as  may  be  necessary,  to  prepare  the  plans  and  specifica- 
tions for  the  building  to  be  erected  on  the  site  on  39th  Street 
and  for  the  club  building  to  be  erected  on  the  site  on  40th 
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Street;  and  shall  also  obtain  ])roposals  for  the  erection  of  hoth 
of  such  l)uil(lin<^s;  and  shall  have  power  to  make  and  enter  into 
such  contract  or  contracts  as  shall  be  ap|H'ovi'd  aiul  authorized 
by  the  allirniative  vote  of  at  least  two-thirds  of  all  of  the  niein- 
bers  of  said  Joint  Coinniittee  for  the  erection  of  both  of  such 
buildings;  and  shall  have  charge  of  the  erection  of  both  of  such 
buildings. 

7.  Afid  resolved  ftui/w/',  That  said  Joint  Coinniittee  shall 
continue  in  existence  until  all  of  the  purposes  set  forth  in  these 
resolutions  shall  have  been  fully  accomplished. 


It  will  be  recalled  by  the  older  members  of  the  Society,  that 
within  the  first  ten  years  of  its  histor}^  a  movement  was  started 
in  which  members  of  the  Society  were  participant  to  secure  a 
joint  building  to  be  erected  as  an  investment,  and  which  should 
give  accommodation  to  the  libraries  and  executive  offices  of  this 
and  the  other  eno-ineerino-  societies,  and  to  secure  the  advanta'2:es 
of  a  common  assembly  hall.  To  be  of  any  significance  in  accom- 
modating its  annual  meetings,  with  the  Society  of  its  present 
size,  the  auditorium  should  be  able  to  seat  over  600  persons. 

In  1S90,  when  the  Society  secured  its  present  house  at  l\o.  12 
West  31st  Street,  a  move  in  this  same  direction  was  made  again, 
with  a  view  to  bringing  the  Institute  of  Mining  Engineers  and 
the  Institute  of  Electrical  Engineers  into  joint  occupancy  and 
common  use  of  library  and  assembly  hall.  The  Institute  of 
Electrical  Engineers  joined  in  the  undertaking  at  that  time,  and 
is  still  holdino^  its  meetino^s  in  the  auditorium  of  the  Societv 
House. 

With  the  increasing  growth  of  the  Society,  and  the  unusual 
attendance  at  its  annual  meetino^s,  the  auditorium  has  alreadv 
proved  inadequate,  and  the  growing  library  has  been  for  some 
time  crowding  the  space  available  in  the  present  building.  This 
Society  has  therefore  felt  a  lively  interest  in  bringing  about 
some  result  which  should  secure  adequate  accommodations  for 
its  librarv  and  for  its  laro;e  meetino-s.  There  seemed  reasons  of 
weight  why  it  was  neither  judicious  nor  desirable  for  this  So- 
ciety to  undertake  the  erection  of  a  house  for  its  exclusive  occu- 
pancy on  a  scale  which  should  furnish  the  floor  s])ace  for  an 
adequate  auditorium  in  addition  to  its  library  and  offices. 

Upon  the  carrying  out  of  the  pro])osed  plan  the  present  Society 
house  at  No.  12  West  3Lst  Street  can  either  be  retained  and 
rented  to  a  suitable  tenant,  or  it  can  be  sold  on  advantageous 
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terms,  which  will  nearly  pay  the  share  of  the  Society  in  the  real 
estate  holding  of  the  Society  in  the  39th  Street  site.  Rentals 
from  kindred  societies  for  the  use  of  offices  and  meeting  places 
in  tlie  new  building,  not  needed  by  the  owning  societies,  will 
reduce  interest  charges   on   the  land. 

It  is  the  desire  of  the  Council,  pursuant  to  the  foregoing  an- 
nouncement and  report,  that  at  the  approaching  meeting  of  the 
Society  in  general  session  the  members  should  take  appropriate 
action   outlining  the  position  which   they   deem  desirable  that 
the  Society  and  the  Council  shall  assume,  in  the  disposition  of 
its  real  estate  and  in  administering  the  great  trust  and  responsi- 
bility which  Mr.  Carnegie's  gift  has  imposed.     It  may  be  added 
that  the  Institute  of  Electrical  Engineers  and  the  Engineers' 
Club  have  already  taken  action  by  adopting  the  same  resolutions 
as  those  adopted  by  the  Council  of  this  Society,  and  have  ap- 
pointed their  members  of  the  Joint  Committee  so  that  the  accept- 
ance of  Mr.  Carnegie's  gift  is  already  assured.     The  Council  of 
this  Society  has  appointed  as  members  of  the  Joint  Committee 
provided  for  in  the  resolutions,  the  following  representatives: 
Mr.  James  M.  Dodge,  President, 
Mr.  Frederick  R.  Hutton,  Secretary, 
Mr.  Charles  Wallace  Hunt,  Past-President. 
The  American  Institute  of  Electrical  Engineers  has  appointed 
Mr.  Charles  F.  Scott,  President, 
Mr.  B.  J.  Arnold, 
Mr.  S.  S.  Wheeler. 
The  Engineers'  Club  has  appointed 

Mr.  John  Kafer,  President, 
Mr.  W.  A.  Redding,  Chairman  House  Committee, 
Mr.  W.  H.  Fletcher. 
The  American  Institute  of  Mining  Engineers  and  the  Amer- 
ican Society  of  Civil  Engineers  are  expected  to  take  favorable 
action  in  due  time. 


THE    CARXKCIE    (IIKT   TO    KNOINKKiaXr,.  877 


APPENDIX. 

The  Council  lias  Uioiiiiht  tliat  it  would  be  of  interest  to  the 
members  to  add  in  an  a|)i)endix  the  o])inions  of  re])resentative 
Avriters  and  leaders  of  thouglit.  The  opinion  held  by  Mr.  John 
Fritz,  Past-President  and  Honorary  Member  of  this  Society,  has 
been  eloquently  set  forth  in  the  following  letter  |)re})ared  at  the 
request  of  the  representative  committee  of  the  societies.  It  adds 
interest  to  this  letter  and  its  opinion  to  remind  engineers  that 
Mr.  Fritz  has  been  recently  honored  by  joint  action  of  the  four 
engineering  societies,  by  the  founding  of  a  medal  which  is  to 
bear  his  name,  and  which  is  to  signalize  achievement  in  one  of 
the  branches  of  eno^ineerino:  or  science. 

Mr.  Fritz's  letter  is  as  follows: 


"  Bethlehem,  Pa.,  April  29,  1903. 

""  My  DEATi  Mr.  Scott:  Yours  of  the  25th  asking  for  a  state- 
ment, on  general  lines,  expressing  my  views  regarding  the  ])ro- 
posed  ])roject  of  housing  the  Civil,  Mining,  Mechanical  and 
Electrical  Engineers,  all  in  one  building,  is  at  hand.  This,  for 
me,  is  a  somewhat  difficult  task,  as  I  am  unaccustomed  to  either 
speaking  or  writing,  but  I  will  do  the  best  I  can  in  my  own 
way,  recognizing  that  a  defective  statement  is  much  less  humili- 
ating and  less  expensive  than  bad  engineering. 

"  The  object  of  our  meeting  to-night  is  not  new  to  me,  but  it 
is  most  interesting;  for  some  years  before  the  death  of  our 
lamented  Holle}^,  he  and  I  had  many  talks  on  the  subject  that 
has  called  us  together. 

"At  that  time,  the  most  we  hoped  to  accom])lish  was  to  de- 
vise some  means  that  ^vould  bring  the  engineering  societies  in 
closer  touch  with  each  other.  AVe  had  a  scheme  which  we 
thought  was  practicable,  and  would  at  least  in  a  measure  accom- 
plish the  purpose;  but  there  were  difficulties  in  the  Avay  and  the 
project  was  quietly  laid  aside. 

"  About  that  time,  too,  Mr.  Andrew  Carnegie  was  laying  the 
foundation  for  his  stupendous  fortune,  and  now  in  his  great  gen- 
erosity, and  in  recognition  of  the  merit  of  the  engineer,  and 
mindful  of  the  assistance  he  received  from  them  during  his  most 
remarkably  successful  career,  he  has  so  nobly  offered  to  give 
the  money  to  purchase  the  lot  and  erect  a  building  that  will 
accommodate  the  four  great  engineering  societies,  and  the  Engi- 
neers' Club,  separately;  which  will  be  a  monument  to  the  engi- 
neering profession  and  will  let  the  world  know  that  there  is  one 
man  who  knows  and  acknowledges  their  work  and  worth. 
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*'  When  Mr.  Ilolley  and  I  talked  over  some  plans  to  bring  the 
engineers  closer  together,  the  wildest  fliglit  of  our  imagination 
could  not  have  conceived  the  idea  of  such  a  magnificent  gift  as 
is  now  presented  to  us,  for  the  fulfillment  of  the  object  that  was 
then  so  near  our  hearts. 

"There  is  something  so  beautiful  and  encouraging  to  the 
young  men  to  know  that  the  donor  was  at  that  time  one  of  us, 
the  same  as  the  young  men  of  to-day,  who  was  struggling  for 
recognition  amongst  the  business  men  of  the  country,  the  same 
as  you  are  for  place  in  the  line  of  your  profession.  And  I  beg 
to  say  that,  in  my  humble  opinion,  the  occupation  of  the  engi- 
neer is  one  of  the  grandest,  most  useful  and  far  reaching  that 
falls  to  the  lot  of  man  to  pursue;  and  I  know  of  no  calling  that 
requires  more  thoughtful  and  careful  study  than  that  which 
inspires  and  pervades  the  profession ;  nor  is  there  any  society  or 
class  of  people  that  the  world  is  so  much  indebted  to  as  the 
engineer. 

"I  shall  now  treat  them  as  one  family  and  recognize  the 
beneficence  of  their  united  efforts.  The  value  of  their  genius 
and  influence  and  what  they  have  accomplished  cannot  be  esti- 
mated or  restricted  to  any  one  country.  They  are  only  bound 
by  the  law  of  progress;  which  means  that  each  triumph  of  their 
ge-nius  inspires  them  to  higher  and  grander  accomplishments. 
There  seems  to  be  no  finality  to  their  progress,  unless  the  nations 
of  the  earth  lapse  into  barbarity.  Look  at  the  vast  system  of 
railroads  that  space  the  continent,  that  has  reduced  the  time  of 
traveling  from  ocean  to  ocean  to  nearly  the  same  number  of 
days  as  formerly  required  months.  They  have  carried  civiliza- 
tion and  commerce  throughout  the  great  wild  w^est,  converting 
it  into  farms  now  occupied  by  an  industrious,  intelligent  and 
happy  people.  Then,  again,  think  of  the  navy  we  have  built 
and  are  building;  also  think  of  the  most  remarkable  perform- 
ance of  the  battleship  "  Oregon,"  sailing  from  Puget  Sound,  on 
the  North  Pacific  coast,  around  Cape  Horn  to  Santiago,  and 
then  forthwith  going  into  action  without  any  repairs  of  any 
kind:  a  feat  unparalleled  in  the  history  of  battleships.  It  was 
the  navy  of  o^ir  construction,  which  we  are  all  so  proud  of,  and 
justly  so,  that  made  it  possible  for  us  to  achieve  the  victory  over 
the  Spaniards  in  Cuba;  which  placed  our  country  in  the  front 
rank  of  the  great  nations  of  the  world.  1  now  ask  who  built 
our  great  system  of  railroads,  who  designed  and  built  the  ships 
of  our  honored  navy,  and  thousands  of  other  works  of  merit 
that  could  be  mentioned  ?  The  answer  is  the  engineer.  But  no 
one  Society  of  Engineers  can  claim  that  its  members  did  it  all; 
for  it  has  all  heen  accomjMshed  htj  their  united  efforts.  I  most 
ardently  hope  they  may  still  become  more  closely  associated, 
both  on  social  and  on  engineering  lines. 

"  The  societies  are  so  interdependent,  and  overlap  each  other 
to  such  an  extent,  that  to  me  it  is  most  surprisingly  strange  that 
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the  efforts  wliicli  have  been  imule  before  this  time  to  bring-  them 
ill  ch)ser  contact  with  each  otiier,  has  not  been  successful. 

"It  has  been  my  fortune  to  have  good  fi'ieiuls  in  th(;  vai'ious 
societies;  and  we  were,  at  all  times^  ready  and  willing  jind  happy 
to  exchange  ideas  with  each  other;  and  I  am  al)solutely  certain 
that  we  all  ])rotited  by  it,  and  the  country  at  large  received  the 
benefit. 

"  When  I  first  went  to  work  in  the  rolling  mill  and  would  go 
near  the  roll  turner,  he  would  take  up  his  templates  and  ])ut 
them  in  his  pocket.  I  am  happy  to  sa}^  that  the  ])eople  are 
becoming  more  tolerant;  that  the  conditions  of  the  country  have 
greatly  changed  and  we  must  be  ])repared  to  meet  them.  What 
is  now  wanted  is  well-informed,  liberal,  broad-minded  and 
many-sided  men;  and  I  am  a  firm  believer,  all  other  thin<^s  beinfj 
equal,  that  every  man  should  know  something  of  everything  and 
everything  of  something. 

"  I  could  give  you  instance  after  instance  from  my  own  experi- 
ence, which  would  prove  the  correctness  of  the  foregoing  views. 

'*Xow,  the  only  way  that  I  can  see  to  obtain  this  knowledge 
is  to  get  close  together.  By  pursuing  this  method,  all  parties 
will  be  benefited  and  they  will  obtain  certain  practical  knowl- 
edge and  advantages  that:  cannot  be  otherwise  obtained.  And 
I.  know  of  no  plan  by  which  this  can  be  so  well  accomplished  as 
that  proposed,  where  all  the  specialists  can  conveniently  meet 
each  other  and  at  the  same  time  have  access,  under  pro]:>er  rules, 
to  the  various* libraries.     This  would  be  the  college  of  colleges. 

''The  Electrical  Institute,  though  the  youngest,  has  great 
possibilities  before  it,  and  may  be  the  means  through  which  the 
older  societies  can  be  brought  together.  The  members  of  thjs 
societ}"  are  young  and  pliable;  who  are  dealing  with  an  element 
that  requires  them  to  be  ever  on  the  alert,  and  who  well  know 
the  value  of  cumulative  knowledge. 

"As  there  has  been  nothing  said  regarding  the  Marine  and 
^aval  engineers,  I  have  made  no  specific  allusion  to  them;  but 
I  would  like  to  see  them  all  included,  and  also  both  the  physical 
and  analytical  chemists. 

"Finally,  it  is  the  young  men  who  wiU  derive  the  greatest 
advantage'  by  the  adoption  of  the  proposed  plan.  Should  this 
plan  fail,-  and  were  I  a  young  man,  knowing  what  I  now  do  on 
the  subject,  it  would  be  one  of  the  objects  of  my  life  to  devise 
some  means  by  which  the  younger  members  of  our  profession 
could  be  brought  into  closer  unity. 

"  Sincerely  hoping  for  complete  success,  I  am, 

"  Yours  most  truly, 

"(Signed)     John  Fritz." 

Mr.  Charles  F.  Scott,  President  of  the  American  Institute  of 
Electrical  Engineers,  has  contributed  the  following: 
57 
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"The  four  general  engineering^  societies  named  by  Mr.  Car- 
negie are  but  a  ])art  of  the  engineering  societies  Avhich  are  to  be 
benelited  by  a  Union  Engineering  Building.  There  are  numer- 
ous societies — many  of  tliem  strong  and  vigorous — whose  mem- 
bership contained  many  of  the  members  of  the  general  societies  ' 
but  whose  fields  of  activity  are  specialized  in  their  scope.  The 
Avork  of  these  societies  is  of  a  high  order,  and  taken  in  the 
aggregate  it  is  a  most  important  part  of  American  engineering. 
Definite  permanent  headquarters  and  accommodations  in  the 
same  building  with  those  of  other  societies  will  be  advantageous 
to  the  societies  themselves,  and  will  be  of  great  convenience  to 
their  members. 

"  Some  of  the  uses  and  advantages  of  a  Union  Engineering 
Building  may  be  indicated  in  a  general  way  without  entering 
upon  details. 

"  A  large  assembly  hall  will  be  available  for  lectures  and  for 
the  holding  of  general  conventions  of  engineering  societies. 

"A  number  of  smaller  halls  will  accommodate  smaller  audi- 
ences and  will  be  suitable  for  monthly  meetings  of  societies  and 
for  sectional  or  supplemental  meetings  at  the  time  of  conven- 
tions. 

"  The  libraries  of  the  several  engineering  societies  placed  in 
adjacent  alcoves  or  rooms  will  constitute  a  magnificent  engineer- 
ing library.  Economies  will  be  effected  as  many  books  need  not 
be  duplicated  which  would  be  necessary  if  the  libraries  were 
separate,  and  there  may  be  reduced  cost  for  administration. 
The  several  libraries  may  have  a  common  index.  Moreover,  the 
Union  Engineering  Library  will  be  adjacent  to  the  new  building 
of  the  New  York  Public  Library,  40th  and  42d  Streets. 

"Rooms  may  be  available  for  reading  and  writing.  The 
building  itself  may  become  a  gallery  of  portraits  of  eminent 
engineers  and  illustrations  of  engineering  works. 

"  Accommodations  for  the  administrative  offices  of  the  several 
engineering  societies  may  be  arranged  to  suit  their  various  needs. 
Facilities  for  the  officers,  boards  of  direction,  committees,  as 
well  as  for  the  mailing,  and  possibly  the  printing,  of  trans- 
actions may  be  afforded. 

"  Facilities  may  be  arranged  for  the  serving  of  luncheons  or 
dinners  at  the  time  of  conventions  or  meetings  and  for  the  hold- 
ing of  formal  dinners  and  banquets.  A  common  cuisine  ma}^ 
serve  the  Engineers'  Club  and  the  engineering  societies. 

"  The  idea  of  Mr.  Carnegie  is  significant  in  its  very  breadth. 
He  has  not  imposed  restrictions  nor  introduced  details.  In  a 
single  sentence  he  has  presented  a  great  opportunity,  and  places 
confidence  in  engineers  that  they  will  adequately  meet  it.  The 
present  is  the  time  to  expand;  to  construct  a  magnificent  ideal; 
to  picture  what  should  be  done,  and  to  devise  how  it  may  be 
accomplished.  Let  us  first  develop  our  grand  ideal.  There  are 
plans  to  be  arranged  and  details,  perhaps  perplexing,  are  to  be 
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woi'kod  out.  Kii«j;in(HM's  jiro  now  called  to  work  out  foi"  thiMU- 
selvos  II  ])rohIeiii  siniihir  to  those  Avhich  they  are  continually 
solvin<!;ior  others. 

''To  us  is  committed  a  great  trust  on  helialf  of  American 
Eugineering.  The  real  question  to  be  decided  is  not  wliclher 
we  will  accept  it,  but  it  is  whether  we  can  take  the  responsibility 
of  refusing  to  administer  it." 

At  the  annual  dinner  of  the  Institute  of  Electrical  Engineers 
on  February  9,  1903,  Mr.  Carnegie  in  the  course  of  an  address 
revealed  his  mind  on  this  general  question  in  the  following 
quotation : 

"  I  have  often  taken  occasion  to  say — and  I  have  known  both 
hinds  well — that  the  American  engineers  are  the  most  co-opera- 
tive men,  I  believe,  that  exist  to-day.  I  think  there  is  harmo- 
nizing feature  about  them  which  counts  for  everything  in  the 
progress  of  any  great  movement,  political,  social  or.  scientific. 
It  is  institutions  like  this  of  engineers  which  do  so  much:  you 
cannot  overestimate  the  influence  which  such  organizations 
exert.'' 

At  a  meeting  of  The  Municipal  Engineers  of  the  City  of  Xew 
York,  held  in  the  rooms  of  The  American  Societ}^  of  Mechanical 
Engineers  on  May  27,  1903,  the  following  preamble  and  resolu- 
tions, presented  by  a  committee  consisting  of  Messrs.  O.  F. 
Nichols,  Chairman,  Henr}^  R.  Asserson  and  Samuel  C.  Thomp- 
son, were  enthusiastically  adopted: 

WJiereas,  Mr.  Andrew  Carnegie  has,  in  a  letter  addressed  to 
the  four  national  engineering  societies  and  The  Engineers'  Club, 
generously  offered  to  give  the  sum  of  about  one  million  dollars 
(§1, 000, 000)  for  the  construction  of  a  building  to  be  devoted  to 
the  general  interests  of  American  engineering;  and, 

Whereas^  The  spirit  and  dimensions  of  the  gift  indicate  the 
intention  of  the  liberal  donor  that  the  building  should  be  used 
in  the  broadest  and  fullest  extent  by  American  engineers;  there- 
fore, 

Resolved^  That  the  Society  desires  to  express  its  profound  ap- 
preciation of  the  broad  interest  taken  by  Mr.  Carnegie  in  Ameri- 
can engineering  and  the  generous  gift  by  which  he  has  charac- 
terized this  interest,  and 

Resolved,  That  this  Society  of  Municipal  Engineers  of  the  City 
of  ISTew  York  hereby  expresses  its  earnest  hope  that  the  five 
organizations  to  which  ;Mr.  Carnegie  addressed  his  offer  will 
unanimously  accept  the  magnificent  gift,  and  work  in  the  fullest 
harmonv  to  carry  out  the  trusts  imposed  upon  them  by  the 
donor  for  the  advancement  of  American  eno-ineerino:. 
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I  ain  instructed  to  send  a  copy  of  these  resolutions  to  you,  with 
the  request  tluit  you  present  them  to  the  committee  of  your 
Society  which  is  acting  in  the  matter  of  the  proposeTl  union 
engineering  building. 

Yours  very  truly, 

WisNER  Martin, 

Secretary. 

From  various  technical  journals  the  following  editorial  com- 
ments have  been  culled : 

^'American  Machinist." 

Upon  the  whole  the  engineers  have  a  great  task  upon  their 
hands,  and  it  should  be  as  successful  as  American  engineering 
work  already  is  in  its  other  fields  of  occupation.  In  this  day  of 
successful  combinations  it  will  be  a  disgrace  to  American  engi- 
neers if  they  for  any  reason  fail  to  put  this  project  through. 

No  small  ideas  should  have  any  chance. 

'^Engineering  News." 

We  think  it  is  worth  large  emphasis  that  this  great  gift  from 
Mr.  Carnegie  comes  unsolicited.  The  engineering  societies  of 
America  are  great  educational  institutions  for  the  adv^ancement 
and  upbuilding  of  the  profession;  but  they  are  not  organizations 
in  need  of  charity.  It  is  because  Mr.  Carnegie  saw  and  appre- 
ciated the  great  advantage  to  the  engineering  profession  of  the 
union  and  co-operation  that  might  be  brought  about,  that  he 
decided  to  make  this  great  benefaction. 

The  influence  and  value  of  such  an  engineering  center  to  the 
entire  profession  is  too  obvious  to  call  for  comment. 

'' Railroad  Gazette." 

The  gift  is  a  fitting  recognition  of  the  work  and  importance 
of  the  engineer,  and  is  made  doubly  significant  by  the  character 
of  the  giver;  one  whose  life  and  fortunes  have  been  so  closely 
allied  to  the  engineering  profession. 

In  any  event,  the  erection  of  a  union  building,  and  the  added 
availability  of  their  several  libraries,  will  do  much  to  unify  the 
kindred  interests  of  engineers,  and  it  Vvall  be  a  concrete  reminder 
of  the  potent  influences  which  are  being  and  have  been  exerted 
in  the  affairs  of  mankind  by  that  noblest  and  most  dignified 
profession. 

"Electrical  Review." 

It  would  seem  that  the  joint  ownership  of  an  Engineering 
Building,  in  which  individual  engineers  should  meet  members  of 
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other  engineerin<^  professions,  would  .<^ive  e;icli  ;i  broader  view 
of  the  aims  of  his  brother  engineers  than  couhl  be  gained  in  any 
oth(T  way. 

AVe  believe  that  there  are  few  ways  in  wJiich  Mr.  Carnegie 
could  have  done  more  for  tiie  general  welfare. 

*'The  Engineering  and  Mining  Journal." 

The  best  feature  of  such  a  central  building  lies  in  the  fact  that 
it  will  afford  a-  convenient  rendezvous  for  all  en<2:ineers  in  irood 

CD  O 

standing  and  those  birds  of  passage,  more  particuhirly  the  Min- 
ing Engineers,  will  have  a  place  to  set  their  feet.  If  the  idea  is 
carried  out  to  its  complete  fulfillment,  it  means  that  the  band 
of  men  ''  who  give  expression  to  that  combination  of  contem- 
porary science,  art,  knowledge  and  ]:)ractice  which  we  recognize 
as  modern  engineering,"  will  be  enabled  to  meet  amid  a  favor- 
able environment  and  consummate  the  purpose  of  all  such 
gatherings,  namely,  to  discover  one  another,  to  give  the  right 
hand  of  fellowship,  to  make  common  cause  against  the  Fool. 

^^  Electrical  World  and  Engineer." 

This  gift  of  Mr.  Carnegie  to  the  societies  of  which  he  is  a 
member  and  representing  the  professions  to  which  he  is  glad  to 
acknowledge  his  indebtedness,  comes  "without  strings,"  but  it 
has,  nevertheless,  serious  obligations.  The  Engineers'  Club  has 
already  provided  itself  with  land,  but  the  four  engineering 
bodies  named  specifically  have  to  do  with  a  real  estate  trans- 
action of  between  five  and  six  hundred  thousand  dollars.  In 
fact,  the  necessary  steps  have  alread}^  been  taken  to  secure  the 
land,  and  at  this  moment  the  Union  Eno-ineerino^  Buildino^  is  to 
be  regarded  as  a  tangible  actuality.  When  we  remember  that 
the  societies  in  qnestion  have  at  least  ten  thousand  members  in 
good  standing,  the  financial  responsibility  upon  them  dwindles 
into  insignificance.  Even  if  one  or  other  of  them  should  not 
feel  able  or  willing  to  come  in,  there  is  all  the  more  left  for 
those  which  do  respond  to  this  clarion  call  to  co-operation. 

In  no  particular  will  any  society  be  urged  to  surrender  its 
autonomy  or  self-respect.  But  it  is  always  easier  to  find  reasons 
for  grimly  standing  apart,  than  to  hit  upon  methods  of  harmoni- 
ous union;  and  just  noAV  the  men  in  each  body  who  believe  that 
civilization  itself  is  based  on  "getting  together"  for  the  com- 
mon good',  have  their  opportunity  to  benefit  the  profession  to 
which  they  belong,  by  making  the  most  of  the  situation. 

''The  New  York  Times." 

No  branch  of  engineering  can  stand  alone.  Results  of  value 
are  obtained  by  co-operation  and  co-ordination. 
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To  the  members  of  several  technical  societies  the  relatively 
wide  se])aratioii  of  their  respective  headquarters  has  long  been 
an  inconvenience,  and  the  fact  that  there  has  been  no  common 
meeting  ground  for  engineers  resident  in  or  visiting  JSTew  York 
has  been  a  distinct  deprivation. 

The  location  agreed  upon  is  probably  the  best  Avhich  could  be 
found  on  the  American  continent.  For  the  next  quarter  of  a 
century  at  least  it  will  be  close  to  the  business  center  of  New 
York.  It  is  also  the  center  of  the  hotel  district  and  of  every- 
thing pertaining  to  the  characteristic  life  of  the  metropolis.  It 
is  doubtful  if  any  library  foundation  with  which  Mr.  Carnegie's 
name  is  identified  will  ever  accomplish  as  much  benefit  in  pro- 
moting the  progress  of  the  arts  and  sciences  as  will  result  from 
his  unconditional  and  unrestricted  offer  of  a  home  for  engineers. 
As  Mr.  John  T'ritz  feelingly  and  forcibly  says:  '^  There  is  some- 
thing beautiful  and  encouraging  to  the  young  men  to  know  that 
the  donor  w^as  one  of  us,  the  same  as  the  young  men  of  to-day, 
struggling  for  recognition  among  the  business  men  of  the  coun- 
try, and,  as  3^ou  are,  for  place  in  the  line  of  your  profession." 
Mr.  Carnegie  could  not  have  selected  a  more  intelligently  appre- 
ciative body  of  men  to  co-operate  with,  and  those  who  heard  his 
speech  at  the  recent  annual  dinner  of  the  American  Institute  of 
Electrical  Engineers  Avhen  he  told  how  he  worked  his  way  up 
from  a  job  in  the  cellar  tending  a  small  motor  to  a  place  at  the 
key  as  a  telegraph  operator,  will  perhaps  not  find  it  difficult  to 
understand  why  he  experiences  pleasure  in  thus  prominently 
identifying  himself  with  the  profession  which  has  contributed 
so  largely  to  his  success. 
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UEPORT  ON  MEETIXG  OF  NATIONAL    CONFERENCE 
ON  STANDARD   ELECTRIC  LiaiFTlNG   RILES. 

To  THE  Council  of  the  American  Society  of  Mechanical  Engi- 
neers : 

Gottltunen  :  The  undersigned  as  a  delegate  of  tlie  American 
Society  of  Mechanical  Engineers  to  the  National  Conference  on 
Standard  Electrical  llules,  which  was  held  at  Xew  York,  Marcli 
lS-10,  1895,  and  which  prepared  the  rules  for  the  installation  of 
electrical  apparatus  known  as  the  National  Electrical  Code,  sub- 
mitted a  report  which  is  contained  in  the  Transactions  of  the 
American  Societ}^  of  Mechanical  Engineers,  Volume  XIX.,  pages 
33  and  081. 

This  code  of  rules  was  accepted  and  ]n'omulgated  by  the  Na- 
tional Board  of  Fire  Underwriters,  and  has  continued  in  force, 
with  such  auiendments  being  made  at  the  annual  meetings  of 
tlie  Underwriters'  National  Electric  Association,  as  might  be 
necessary  to  conform  to  the  state  of  the  art  of  the  applications 
of  electricity  for  lighting,  transmission  of  power  and  signalling. 

The  rapid  growth  of  electrical  transmission  of  power  was  a 
subject  of  such  importance,  that  the  underwriters  referred  the 
matter  to  the  code  committee  of  the  American  Institute  of  Elec- 
trical Engineers,  of  which  the  writer  is  a  member,  but  this  code 
committee  after  preparing  a  draft  of  provisions  intending  to 
])rovide  for  the  construction  of  these  lines,  especially  in  ])laces 
where  they  approached  to  other  classes  of  electrical  lines  or  to 
buildings,  considered  the  subject  of  too  great  importance  to  be 
settled  by  such  a  small  number,  and  the  National  Conference  on 
Standard  Electrical  Kules  was  assembled  and  held  their  meeting 
in  Boston,  March  2J:,  1903,  at  which  the  undersigned  was  a  dele- 
gate representing  the  American  Societ}^  of  Mechanical  Engineers. 

At  this  meeting  were  representatives  of  the  principal  electrical 
and  other  technical  societies,  and  also  representatives  of  all  types 
of  electrical  manufactures  having  an  interest  in  this  subject. 

The  followino^  amendments  to  the  National  Electrical  Code 
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were  luloptcci  and  have  been  accepted  by  the  electrical  committee 
of  the  underwriters  and  added  to  the  1903  edition  of  the  Kules, 
whic^li  Avas  issued  "June  1,  1903: 

AMENDMFA'TS  TO  THE  NATIONAL  ELECTRICAL  CODE. 
12  A.     Constant-Potential  Pole  Lines,  Over  5,000  Volts. 

(Overhead  lines  of  this  class  unless  properly  arranged,  may  increase  the 
fire  loss  from  the  following  causes: 

Accidental  crosses  between  such  lines  and  low-potential  lines  may  allow 
the  high-voltage  current  to  enter  buildings  over  a  large  section  of  adjoining 
country.  Moreover,  such  high  voltage-lines,  if  carried  close  to  buildings,  ham- 
per the  work  of  firemen  in  case  of  fire  in  the  building.  The  object  of  these  rules 
is  so  to  direct  this  class  of  construction  that  no  increase  in  fire  hazard  will  re- 
sult, while  at  the  same  time  care  has  been  taken  to  avoid  restrictions  which 
would  unreasonably  impede  progress  in  electrical  development. 

It  is  fully  understood  that  it  is  impossible  to  frame  rules  which  will  cover 
all  conceivable  cases  that  may  arise  in  construction  w^ork  of  such  an  extended 
and  A'aried  nature,  and  it  is  advised  that  the  Inspection  Department  having 
jurisdiction  be  freely  consulted  as  to  any  modification  of  the  rules  in  particular 
cases.) 

(a)  Every  reasonable  precaution  must  be  taken  in  arranging  routes  so  as 
to  avoid  exposures  to  contacts  w4th  other  electric  circuits.  On  existing  lines, 
where  there  is  a  liability  to  contact,  the  route  should  be  changed  by  mutual 
agreement  between  the  parties  in  interest  wherever  possible. 

(6)  Such  lines  should  not  approacli  other  pole  lines  nearer  than  a  distance 
equal  to  the  height  of  the  taller  pole  line,  and  such  lines  should  not  be  on  the 
same  poles  with  other  wires,  except  that  signalling  wires  used  by  the  Company 
operating  the  high-pressure  system,  and  which  do  not  enter  property  other 
than  that  owned  or  occupied  by  such  Company,  may  be  carried  over  the  same 
poles. 

(c)  Where  such  lines  must  necessarily  be  carried  nearer  to  other  pole  lines 
than  is  specified  in  Section  b  above,  or  where  they  must  necessarily  be  carried 
on  the  same  poles  with  other  wires,  extra  precautions  to  reduce  the  liability 
of  a  breakdown  to  a  minimum  must  be  taken,  such  as  the  use  of  wires  of  ample 
mechanical  strength,  widely  spaced  cross-arms,  short  spans,  double  or  extra 
heavy  cross-arms,  extra  heavy  pins,  insulators,  and  poles  thoroughly  supported. 
If  carried  on  the  same  poles  wnth  other  wires,  the  high-pressure  wires  must 
be  carried  at  least  three  feet  above  the  other  wares.  ^ 

(d)  Where  such  lines  cross  other  lines,  the  poles  of  both  lines  must  be  of  heavy 
and  substantial  construction. 

Whenever  it  is  feasible,  end-insulator  guards  should  be  placed  on  the  cross- 
arms  of  the  upper  line.  If  the  high-pressure  wires  cross  below  the  other  lines, 
the  wires  of  the  upper  line  should  be  dead-ended  at  each  end  of  the  span  to 
double-grooved,  or  to  standard  transposition  insulators,  and  the  line  com- 
pleted by  loops. 

One  of  the  following  forms  of  construction  must  then  be  adopted: 
(1)  The  height  and  length  of  the  cross-over  span  may  be  such  that  the  short- 
est distance  between  the  lower  cross-arms  of  the  upper  line  and  any  wire  of 
the  lower  line  will  be  greater  than  the  length  of  the  cross-over  span,  so  that  a 
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wire  hroakiiiij:  near  one  ol  {\\v  upper  j)ins  would  not  he  loii^  (Mioujili  to  roach  any 
\\\vv  of  \\\v  lower  line.  Tlio  liif^li-prossiirc  wires  sliouM  prdcrahly  be  above 
(ho  othor  wires. 

('J)  A  joint  polt>  may  l)o  oroctod  at  tiio  crossiii*;  point,  the  lii^h-pressure 
wiros  hoiniz;  supported  on  this  polo  at  least  three  foot  above  the  other  wires. 
Meehanieal  p;uards  or  supports  must  then  be  provided,  so  that  in  case  of  the 
broakiuii  of  any  upper  wire,  it  will  be  impossible  for  it  to  come  into  contact 
with  any  of  the  lower  wires. 

Such  liability  of  contact  may  be  prevented  by  the  use  of  suspension  wires, 
similar  to  those  employed  for  suspendiiiir  aerial  telephone  cables,  which  will 
prevent  the  hii2;h-pressure  wires  from  falling,  in  case  they  break.  The  sus- 
pension wires  should  be  supported  on  high  potential  insulators,  should  have 
ample  mechanical  strength,  and  should  be  carried  over  the  high-pressure  wires 
for  one  span  on  each  side  of  the  joint  pole,  or,  where  suspension  wires  are  not 
desired,  guard  wires  may  be  carried  above  and  below  the  lower  wires  for  one 
span  on  each  side  of  the  joint  pole,  and  so  spread  that  a  falling  high-pressure 
wire  would  be  held  out  of  contact  with  the  lower  wires. 

Such  guard  wires  should  be  supported  on  high-potential  insulators  or  should 
be  grounded.  When  grounded,  they  must  be  of  such  size,  and  so  connected 
and  earthed,  that  they  can  surely  carry  to  ground  any  current  which  may  be 
delivered  by  any  of  the  high-pressure  wires.  Further,  the  construction  must 
be  such  that  the  guard  wires  will  not  be  destroyed  by  any  arcing  at  the  point 
of  contact  likely  to  occur  under  the  conditions  existing. 

(3)  Whenever  neither  of  the  above  methods  is  feasible,  a  screen  of  wires 
should  be  interposed  between  the  lines  at  the  cross-over.  This  screen  should 
be  supported  on  high-tension  insulators  or  grounded,  and  should  be  of  sucli  con- 
struction and  strength  as  to  prevent  the  upper  wires  from  coming  into  contact 
witk  the  lower  ones.  If  the  screen  is  grounded,  each  wire  of  the  screen,  and 
especially  its  ground  connection,  should  have  a  current-carrying  capacity 
greater  than  the  current  which  may  be  delivered  by  any  wire  of  the  upper 
line,  must  be  of  such  size  and  so  connected  and  earthed  that  it  can  surely 
carry  to  ground  any  current  which  may  be  delivered  by  any  of  the  high- 
pressure  wires.  Further,  the  construction  must  be  such  that  the  wires  of 
screen  will  not  be  destroyed  by  any  arcing  at  the  point  of  contact  likely  to 
occur  under  the  conditions  existing. 

(e)  When  it  is  necessary  to  carry  such  lines  near  buildings,  they  must  be  at 
such  height  and  distance  from  the  building  as  not  to  interfere  with  firemen 
in  event  of  fire;  therefore,  if  within  twenty-five  feet  of  a  building,  they  must 
be  carried  at  a  height  not  less  than  that  of  the  front  cornice,  and  the  height 
must  be  greater  than  that  of  the  cornice  as  the  wires  come  nearer  to  the  build- 
ing in  accordance  witli  the  following  table: — 

Di.*tanre  of  wire  Elevation  of  wire  above 

from  bnildinof.  cornice  of  building. 

Feet.  Feet. 

25  0 

20  2 

15  4 

10  6 

5  8 

2i  9 
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It  is  evident  that  where  tiic  roof  of  the  biiildiiif;  continues  nearly  in  line 
with  the  walls,  as  in  Mansard  roofs,  the  height  and  distance  of  the  line  must  be 
reckoned  from  some  part  of  the  roof  instead  of  from  the  cornice. 

[Amendment  to  13  A  (b).] 

(13  A)  Groundinfj;  Low- Potential  Circuits. 

(6)  Transforminj;  secondaries  of  distributing  systems  should  preferably  be 
grounded,  and  wlien  grounded,  the  following  rules  must  be  complied  with: 

(1)  The  grounding  must  be  made  at  the  neutral  point  or  wire,  whenever  a 
neutral  point  or  wire  is  accessible. 

(2)  When  no  neutral  point  or  wire  is  accessible,  one  side  of  the  secondary 
circuit  may  be  grounded,  provided,  the  maximum  difTerence  of  potential  be- 
tween the  grounded  point  and  any  other  point  in  the  circuit  does  not  exceed 
250  volts. 

(3)  The  ground  connection  must  be  at  the  transformer  as  provided  in  sec- 
tions d,  e,  /,  g,  and  when  transformers  feed  systems  with  a  neutral  w^ire,  the 
neutral  wire  must  also  be  grounded  at  least  every  250  feet  for  overhead  systems, 
and  every  500  feet  for  underground  systems. 

Inspection  Departments  having  jurisdiction  may  require  grounding  if  they 
deem  it  necessary. 

(Amendment  to   64.) 

(64)  Signalling  Systems. 

(a)  Outside  wires  should  be  run  in"  underground  ducts,  or  strung  on  poles, 
and  as  far  as  possible  kept  off  of  buildings,  and  must  not  be  placed  on  the  same 
cross-arms  with  electric  light  or  power  wires.  They  *  should  not  occupy  the  same 
duct,  manhole  or  handhole  of  conduit  systems  with  electric  light  or  power  wires. 

Single  manholes,  or  ban  dholes,  may  be  separated  into  sections  by  means 
of  partitions  of  brick  or  tile  so  as  to  be  considered  as  conforming  with  the  above 
rule. 

Respectfully  submitted, 

C.   J.   H.   Woodbury. 

*  The  Amendment  consists  of  the  words  italicised. 
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Note  : 

This  revised  edition  of  the  Draft  of  Constitution,  By-Laws  and  Rules,  incor- 
porates desirable  changes  and  amendments  which  have  been  submitted  by  mem- 
bers pursuant  to  the  request  of  the  President,  and  have  been  considered  and 
accepted  by  the  Committee  previous  to  June  1st.  The  action  of  the  Saratoga 
meeting  will  be  based  upon  the  revised  draft  presented  herewith. 
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EEPORT  OF  THE  C0M:M1TTEE. 

At  the  Boston  meeting  of  the  American  Society  of  ]\rechaiii- 
cal  Engineers  in  June,  1902,  a  Special  Committee  on  Rules  ami 
Methods  was  appointed  to  revise  the  present  Kules  of  the  So- 
cietv%  to  consider  the  amendments  that  had  been  offered,  and  to 
report  to  the  Society,  in  accordance  with  the  following  resolu- 
tion: {Transactions,  vol.  28,  p.  -113.) 

Resolved,  That  this  meeting  appoint  a  Special  Committee  on  Rules  and 
Methods,  which  Committee  shall  take  under  advisement  the  whole  subject 
of  the  Rules,  By-Laws  and  lousiness  methods  of  the  Society,  includinjj^  such 
chanjies  or  amendments  as  have  been  or  may  be  proposed  by  members,  and 
shall  submit  its  conclusions  and  recommendations  to  the  meml)ership  in  a  re- 
port which  shall  be  delivered  to  the  Secretary,  and  which  the  Secretary  shall 
thereupon  cause  to  be  printed  and  distributed  to  the  membership. 

The  Committee  has  proceeded  upon  the  plan  submitted  in  the 
report  of  the  Finance  Committee,  and  adopted  by  the  Council 
at  the  Annual  Meeting  of  1901;  namely  that  the  Rules  when 
amended  should  be  divided  into  three  divisions, — a  Constitution 
which  could  be  amended  onh^  after  full  deliberation  and  by 
letter-ballot; — By-Laws  which  could  be  more  easily  amended; 
and  Rules  which  could  be  changed  at  any  session  of  the  Council. 
The  Constitution  in  the  present  draft,  contains  the  fundamental 
objects  and  functional  organization  of  the  Society.  The  By- 
Laws  include  the  provisions  for  putting  into  practical  execution 
the  functions  specified  in  the  Constitution.  The  Rules  have  the 
same  force  as  the  By-Laws,  but  are  subject  to  change  at  any 
time  by  the  Council. 

It  is  necessary  to  bear  this  division  in  mind  in  reading  the 
draft  herewith  presented,  because  the  same  subject  matter  may 
be  found  in  the  Constitution  in  a  broad  sense,  and  the  provisions 
for  its  execution  in  the  By-Laws. 

The  present  Rules  of  the  Society  were  taken  as  a  basis  of  this 
draft,  and  each  paragraph  assigned  to  the  Constitution,  the  By- 
Laws  or  the  Rules,  as  seemed  appropriate.  The  Constitutional 
sections  were  combined,  and  such  prefatory  and  connecting 
sentences  added  as  were  needed  to  make  a  first  draft.    When 
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this  liad  been  accoiin)lislie(l,  it  was  evident  that  many  subjects 
liad  been  taken  as  a  matter  of  common  understanding,  and 
were  not  ex])ressed  in  the  Constitution;  also  that  the  word- 
ing of  paragraphs  was  in  some  cases  incomplete.  When  the 
draft  had  proceeded  thus  far,  the  Constitution  and  By-Laws  of 
kindred  Societies  Avere  consulted, —  such  as  the  Institution  of 
Civil  Engineers,  the  Institution  of  Mechanical  Engineers,  The 
Iron  and  Steel  Institute  of  Great  Britain,  the  American  Society 
of -Civil  Engineers,  American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers,  and  such  others  as 
the  Committee  was  able  to  consult.  Various  new  provisions 
were  found  to  be  desirable. 

The  Committee  would  also  report  that  it  has  given  careful 
consideration  to  the  amendments  proposed  at  the  meetings  of 
the  Society  and  referred  to  it  by  vote  at  the  New  York  meet- 
ing. With  res])ect  to  the  proposition  offered  by  Mr.  Kent  to 
increase  the  size  of  the  Publication  Committee  to  nine  persons, 
it  has  been  thought  advisable  to  intrust  the  important  work 
hitherto  discharged  by  the  Publication  Committee,  to  ten  per- 
sons, divided  into  two  independent  committees  (C  45  and  B  2-1 
and  25),  of  which  one  shall  be  known  as  the  Committee  on 
Meetings  and  the  other  as  the  Publication  Committee. 

The  work  of  the  Committee  on  Meetings  will  be  to  procure 
papers  and  pass  on  their  suitability  for  presentation,  Avith  power 
to  refer  any  ])aper  presented  to  persons  especially  qualified  by 
theoretical  knowledge  or  practical  experience  to  advise  concern- 
ing them.  The  other  Committee,  called  the  Publication  Com- 
mittee, acting  independently  of  the  Committee  on  Meetings  will 
decide  what  papers  or  discussions,  or  parts  of  the  same  shall  be 
printed  in  the  Transactions. 

It  is  thought  that  by  these  means  the  desired  scrutiny  of 
papers  will  be  secured  in  advance  of  the  meeting  on  the  one 
hand,  and  on  the  other  a  careful  examination  insured  after  the 
meeting  by  a  second  committee,  which  has  the  power  of  rejec- 
tion of  unsuitable  material  in  either  papers  or  discussions. 

The  Committee  has  considered  the  carefully  prepared  adapta- 
tion by  Mr.  Gus  C.  Henning  of  the  Kules  of  the  Yerein- 
Deutscherlngenieure  to  the  conditions  of  this  Society,  and  would 
call  attention  to  several  valuable  details  incorporated  into  the 
Constitution  and  By-Laws  from  this  source  (C  52);  but  it  has 
not  felt  that  so  considerable  a  change  in  the  methods  and  con- 
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(liict  oi'  the  Society  ;is  would  follow  I'ruiii  copying'  these  ju'ec- 
eilents  more  closely  would  be  either  wise  or  accei)t{ihle  at  tbo 
j)resent  time. 

In  addition  to  the  above,  various  ])rovisions  of  the  Coi-pora- 
tion  Law  of  the  State  of  New  York,  under  which  the  ]>usiness 
])mceeding-s  of  the  Society  must  be  conducted,  have  been  added 
for  convenience  of  reference.  In  order  that  attention  may  be 
directed  at  once  to  im])ortant  sections,  the  following  brief  notes 
are  submitted. 

The  numbered  sections  of  the  Constitution  are  preceded  by 
the  letter  C ;  the  By-Laws  are  designated  by  B,  and  the  Kules 
by  R. 

CONSTITUTION. 

C  1.  Contains  the  official  title  of  the  Society,  specified  in  its 
corporate  organization.  The  precise  title  has  beert  a  subject  of 
inquiry  at  times,  hence  it  has  been  included  in  this  section. 

C  2.  The  change  in  the  old  Jlule  is  the  addition  of  "main- 
tenance of  an  Engineering  Library,"  in  next  to  the  last  line. 

C  3  and  4.  Is  a  statement  of  some  requirements  of  the  Cor- 
poration Laws  of  the  State  of  Usew  York. 

C  5.  The  wording  has  been  changed  to  correspond  with  the 
objects  of  the  Society  as  stated  in  C  2. 

C.  6  to  11.  Are  the  same  as  the  present  Eules  except  that 
C  10  has  the  vrord  "  subordinate  "  added  in  next  to  the  last  line 
in  order  to  make  the  difference  between  a  Junior  and  an  As- 
sociate a  little  more  marked. 

C  12.  Is  a  new  article  from  a  kindred  Society,  which  empha- 
sizes the  fact  that  it  is  a  membership,  and  not  a  business  corpora- 
tion, and  that  a  member,  when  leaving  the  Societ}^  has  no  claim 
upon  the  assets  of  the  Society. 

C  16.  Contains  a  change  in  the  number  of  adverse  votes 
necessary  to  defeat  an  election,  and  specific  provisions  in  rela- 
tion to  the  procedure  for  a  second  ballot. 

C  21.  Is  a  change  from  the  present  Eules  to  make  the  annual 
dues  for  a  Junior  after  six  years  the  same  as  those  of  an  Asso- 
ciate. With  the  lower  limit  of  Junior  age  fixed  at  21,  Juniors 
will  be  of  Associate  age  in  any  case  within  six  years.  By  per- 
mitting the  Junior  six  years'  membership  at  the  low  rate,  it 
may  be  assumed  that  he  will  have  reached  a  position  at  the  end 
of  this  period  when  he  can  properly  afford  to  pay  the  increased 
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rate  or  will  be  in  a  ])osition  to  be  promoted  to  Associate  mem- 
bership by  the  usual  process.  If  he  is  not  promoted,  his  dues 
will  be  the  same  as  in  the  Associate  grade.  The  question  of 
the  proper  amount  of  the  dues  for  memljership  has  not  been 
considered  by  this  committee  to  be  a  subject  for  its  investi- 
gation. 

C  22.  Is  intended  to  prevent  a  large  influx  of  life  members  by 
])lacing  the  aduiission  to  this  class  in  the  discretion  of  the  Coun- 
cil. It  is  also  novel  in  making  the  amount  that  shall  be  paid  for 
life  membership  depend  on  the  age  of  the  member,  and  specifies 
a  definite  mode  of  fixing  the  amount  to  be  paid. 

C  24  and  25.  Are  new  sections,  the  substance  of  which  is 
contained  in  some  form  by  almost  every  Society.  Our  present 
Eules  have  no  provision  of  any  kind  to  relieve  itself  of  mem- 
bers who  have  violated  the  Constitution  or  By-Laws  of  the 
Society. 

C  26.  This  section  includes  five  Past  Presidents  in  the 
Council,  each  having  full  voting  power.  The  American  Insti- 
tute of  Electrical  Engineers  has  three  Past  Presidents  on  the 
Council,  and  the  American  Society  of  Civil  Engineers  has  five. 
Considering  that  Past  Presidents  of  this  Society  usually  live  in 
widely  separated  places,  it  was  thought  that  five  would  be  a 
suitable  number  of  which  only  one  or  two  will  usually  be  pres- 
ent at  the  Council  meetings.  It  will  be  noted  also  that  the 
Chairman  of  the  Finance  Committee  under  this  provision  will 
be  expected  to  sit  with  the  Council  and  advise  it  when  financial 
questions  are  under  consideration.  The  Council  Avill  have  expert 
advice  from  this  Committee  when  required.  It  will  be  apparent 
also  that  by  this  provision  the  Finance  Committee  is  kept  in 
close  touch  with  the  Council. 

C  27.  It  is  hoped  that  the  Society  may  i^eceive  bequests  as 
years  go  on.  Hence,  it  is  thought  that  a  provision  in  the  Con- 
stitution, stating  that  bequests  shall  be  invested  by  the  Council, 
and  become  a  permanent  fund,  and  not  be  used  for  current  ex- 
penses, would  commend  itself  to  the  favor  of  those  who  wish  to 
make  a  bequest  for  the  benefit  of  the  Society. 

C  28.  Is  a  provision  for  filling  vacancies  in  the  Council  in 
accordance  with  the  corporation  law  of  the  State. 

C  29.  Specifies  the  procedure  in  case  of  the  death  of  a  Past 
President  who  was  a  member  of  the  Council. 

C  31.     Is  the  law  of  the  State  of  Ne^Y  York,  quoted  verhatim 
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et  Uicratim    for   convenient   reference    by  the   ollicials   of    tlie 
Society. 

C  32.  Is  a  By-Law  from  a  kindred  Society,  which  isintench'd 
to  prevent  vexatious  discussions  on  ])ast  sul)jects. 

C  oO.  States  specilically  wlien  tlie  official  term  of  an  oiTicer 
shall  commence,  and  also  makes  provision  in  case  a  candidate 
does  not  accept  the  office  to  which  he  has  been  elected. 

C  45.  Specifies  the  standing  Committees  of  the  Society. 
The  duties  of  each  of  the  Committees  are  specified  in  the  ]>y- 
Laws,  and  it  will  be  noted  in  B  25 — B  30  tliat  one  member  on 
each  of  these  Committees  is  appointed  each  year  to  serve 
5  years.  The  Committees  thus  become  continuous  bodies,  com- 
petent to  carry  out  a  definite  policy  in  Society  affairs.  The 
Committee  on  Meetings  (B  20)  is  a  new  Committee,  and  the 
Membership  Committee  (B  28)  carries  out  the  present  practice 
of  the  Society  under  the  existing  Rule  Avhich  was  not  heretofore 
specified. 

C  49.  Puts  into  the  Constitution  the  present  practice  con- 
cerning Professional  Committees. 

C  52.  Is  a  new  section,  authorizing  sections  or  groups  of  the 
Society  under  such  conditions  as  the  Council  may  prescribe. 
This  covers  essentially  an  amendment  proposed  by  Mr.  Gus  C. 
Henning,  and  also  the  present  practice  of  the  American  Institute 
of  Electrical  Engineers.  The  section  has  been  carefully  drawn 
to  place  the  management  of  these  proposed  sections  entirely  in 
the  discretion  and  control  of  the  Council. 

C  50.  Is  a  new  section  in  relation  to  adoption  by  the  Society 
of  standards,  and  puts  into  the  Constitution  what  has  been  the 
unvarying  practice  of  the  Society  from  its  organization. 

C  57  and  58.  A  form  of  procedure  for  amending  the  Con- 
stitution which  requires  one  year. 

C  59.  Provides  for  amending  the  By-Laws  requiring  six 
months'  consideration. 

C  00.  Refers  to  the  Rules  (C  3)  which  can  be  amended  by 
the  Council  at  any  meeting. 

B  21.  By  this  provision  the  Committees  are  made  responsible 
for  the  conduct  and  financial  detail  of  their  appropriate  work. 
It  is  intended  that  the  Executive  Committee  should  take  charge 
of  detail  which  does  not  attach  to  the  Standing  Committees.  It 
incorporates  into  the  By-Laws  a  desirable  method  built  up  on 
the  present  practice. 
58 
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V>  23.  ]>y  s])ecif3nng  niontlily  nieetings  of  tlie  Finance  Com- 
mittee  tluit  body  should  be  in  close  touch  with  tlie  work  and 
needs  of  this  Society  during  the  year. 

B  32.  This  provision  affords  a  graceful  method  of  representa- 
tion at  various  functions  by  an  official  of  the  Society. 

R  5,  6,  and  8.     It  has  been  thought  advisable  to  incorporate 

with  some  emphasis  into  the  published  Kules,  the  practice  of  the 

Society  with  respect  to  brief  presentation  of  printed  papers  at 

the  meetings.      The  Committee  thinks  that  increased  interest 

and  discussion  will  both,  be  secured  by  an  enforcement  of  these 

provisions. 

Respectfully  submitted, 

C.  W.  Hunt,  Chairman 

Jesse  M.  Smith  .y      .  ,  ^ 

T^    ci    T  bpeciai  (Jomimttee  on 

JJ.  b.  Jacobus  r    r,  i          i  ^r  .i    i 

-r,    XT    r^  IcuLes  and  Metfiods, 

K.  il.   SOULE 

G.  M.  Basford 
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AMERICAN    SOCIETY    OF    MECHANICAL 

ENGINEEllS. 


COKSTITUTIOK 


NAME,    OBJECT    AND    GOVERNMENT. 

C  1.  The  title  of  this  Society  is  ''  The  ximerican  Society  of 
Mechanical  Engineers." 

C  2.  The  object  of  the  Society  is  to  promote  the  Arts  and 
Sciences  connected  with  Engineering  and  Mechanical  Construc- 
tion. The  principal  means  for  this  purpose  shall  be  the  holding 
of  meetings  for  the  reading  and  discussion  of  professional  papers, 
and  for  social  intercourse;  the  publication  and  distribution  of  its 
papers  and  discussions;  and  the  maintenance  of  an  Engineering 
Librar}^. 

C  3.  The  Society  shall  be  governed  by  this  Constitution,  and 
by  By-Laws  and  Rules  in  harmony  therewith. 

C  4.  The  Society  was  organized  as  a  Corporation  under  the 
laws  of  the  State  of  ]^ew  York,  April  Y,  1880.  Its  offices  shall 
be  located  in  the  City  of  N^ew  York. 

MEMBERSHIP. 

C  5.  Persons  connected  with  the  Arts  and  Sciences  relating 
to  Engineering  or  Mechanical  Construction  may  be  eligible  for 
admission  into  the  Society. 

C  6.  The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates  and  Juniors.  Honorary 
Members,  Members  and  Associates  are  entitled  to  vote  and  to 
hold  office.  Juniors  shall  not  be  entitled  to  vote  nor  to  be 
officers  of  the  Society,  but  shall  be  entitled  to  the  other  privileges 
of  membership. 

C  7.     Honorary  Members,  Members  and  Associates  are  en- 
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tilKMl  ((►  vote  1)11  all  (juostiuiis  before  any  Jiieetin^^  of  the  Societ}^, 
in  person  or  by  l)roxy,  ^••iven  to  a  voting  member.  A  ])roxy 
sliall  not  be  valid  for  Ji  greater  time  than  six  montlis. 

C  S.  Honorary  ^Fembei's  shall  be  i)ersons  of  acknowltHbred 
])rofessional  eminence,  and  tlieir  number  shall  not  exceed  twenty- 
live  at  any  time. 

C  9.     A  Member  must  liave  been  so  connected  with    En^n- 

ft 

neering-  as  to  be  com])etent,  as  a  designer  or  as  a  constructor, 
to  take  responsible  charge  of  work  in  his  branch  of  Engineering, 
or  lie  must  have  served  as  a  teacher  of  Engineering  for  more 
than  five  years.     A  Member  shall  be  thirty  years  of  aire  or  over 

C  10.  An  Associate  must  either  have  the  other  qualifications 
of  a  Member  or  be  so  connected  with  Engineering  as  to  be  com- 
])etent  to  take  charge  of  engineering  work,  or  to  co-operate  with 
Engineers.  An  Associate  shall  be  twenty-six  years  of  age  or 
over. 

C  11.  A  Junior  must  have  had  such  engineering  experience 
as  will  enable  him  to  fill  a  responsible  subordinate  position  in 
engineering  work,  or  he  must  be  a  graduate  of  an  engineering 
school.     A  Junior  shall  be  twenty-one  years  of  aire  or  over. 

C  12.  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate  and  Junior  shall  be  personal  to  himself,  and 
shall  not  be  transferable  or  transmissible  by  his  own  act  or  by 
operation  of  law. 

ADMISSIOIS". 

C  13.  Honorary  Members  shall  be  nominated  by  at  least  ten 
members  of  the  Society.  The  grounds  upon  which  the  nomina- 
tion is  made,  shall  be  presented  to  the  Council  in  writing. 

C  14.  All  applications  for  membership  to  the  grades  of 
Member,  Associate  or  Junior  shall  be  presented  to  the  Council, 
which  shall  consider  and  act  upon  each  application,  assigning 
each  approved  applicant  to  the  grade  of  membership  to  which, 
in  the  judgment  of  the  Council,  his  qualifications  entitle  him. 
The  name  of  each  candidate  thus  ajiproyed  by  the  Council,  shall, 
unless  objection  is  made  by  the  applicant,  be  submitted  to  the 
yoting  membership  for  election,  by  means- of  a  letter-ballot. 

C  15.  Associates  or  Juniors  desiring  to  change  their  grade  of 
membership  shall  make  application  to  the  Council  in  the  same 
manner  as  is  required  in  the  case  of  a  new  applicant. 
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C  10.  Election  to  inenibershi])  shall  be  by  a  sealed  letter- 
ballot  as  the  By-Laws  shall  i)rovide.  Adverse  votes  to  the  num- 
ber of  two  per  cent,  of  the  votes  cast  shall  be  re(]uired  to  defeat 
the  election  of  an  applicant  for  any  grade  of  membership.  The 
Council,  may  in  its  discretion,  order  a  second  ballot  upon  a  de- 
feated applicant,  in  which  case  adverse  votes  to  the  number  of 
four  per  cent,  of  the  votes  cast,  shall  be  required  to  defeat  the 
election. 

C  17.  The  election  of  Honorary  Members  shall  be  by  a  vote 
of  the  Council  taken  by  letter-ballot,  as  provided  in  the  By-Laws. 
One  dissenting  vote  shall  defeat  such  election. 

C  18.  Each  person  elected,  excepting  Honorary  Members, 
shall  subscribe  to  this  Constitution,  and  shall  pay  the  initiation 
fee  before  he  can  be  entitled  to  the  rights  and  privileges  of 
membership.  If  such  person  does  not  comply  with  this  require- 
ment within  six  months  after  notice  of  his  election,  he  will  be 
deemed  to  have  declined  election.  The  Council  may,  thereupon, 
declare  his  election  void. 

INITIATION    FEES    AND    DUES. 

C  19.  The  initiation  fee  for  membership  in  each  grade  shall 
be  as  follows : 

For  Member TwenCy-five  Dollars, 

For  Associate Twenty-five  Dollars, 

For  Junior Fifteen  Dollars. 

C  20.  A  Junior,  on  promotion  to  any  other  grade  of  member- 
ship, shall  pay  an  additional  fee  of  Ten  Dollars. 

C  21.  The  annual  dues  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Fifteen  Dollars, 

For  Associate Fifteen  Dollars, 

For  Junior Ten  Dollars  for  the  first 

six  years  of  his  membership  and  thereafter  the 

same  as  for  an  Associate. 

C  22.  The  Council  may  in  its  discretion,  permit  any  Member 
or  Associate  to  become  a  Life  Member  in  the  same  grade,  by  the 
payment  at  one  time  of  an  amount  sufficient  to  purchase  from 
the  Equitable  Life  Assurance  Societj^  of  New  York,  an  annuit}^ 
on  the  life  of  a  person  of  the  age  of  the  applicant  equal  to  the 
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annual  duos  in  his  ^-rado.     Such   Life  Meinbor  shall  not  he  liablo 
thereal'ter  for  annual  dues. 

C  2S.  The  Council  shall  have  the  ])ower,  by  letter-ballot,  to 
admit  to  Life  Menibershi|),  without  the  payment  of  a  life  mem- 
bership fee,  any  ])erson  avIio,  for  a  long  term  of  years,  has  been 
a  i\[ember  or  an  Associate  when,  for  special  reasons,  such  pro- 
cedure would,  in  its  judgment,  ])rom()te  the  best  interests  of  the 
Society,  provided  that  notice  of  such  proposed  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council.  One  dissent- 
ing vote  shall  defeat  such  admission. 

SUSPENSIONS   AND    EXPULSIONS. 

C  24.  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  one  year,  shall  not  receive  the  volume  of 
Transactions  until  such  arrears  are  paid.  Any  Member,  Asso- 
ciate or  Junior  who  shall  leave  his  dues  unpaid  for  two  years, 
shall,  in  the  discretion  of  the  Council,  have  his  name  stricken 
from  the  roll  of  membership,  and  shall  cease  to  have  any  further 
rights  as  such. 

C  25.  The  Council  may  refuse  to  receive  the  dues  of  any 
member  of  any  grade,  who  shall  have  been  adjudged  by  the 
Council  to  have  violated  the  Constitution  or  By-Laws  cf  the 
Society,  or  who,  in  the  opinion  of  the  Council  by  a  two-thirds 
vote,  shall  have  been  guilty  of  conduct  rendering  him  unfit  to 
continue  in  its  membership;  and  the  Council  may  expel  such 
person  and  remove  his  name  from  the  list  of  members. 

THE    COUNCIL. 

C  26.  The  affairs  of  the  Society  shall  be  managed  by  a  Board 
of  l5irectors  chosen  from  among  its  Members  and  Associates, 
which  shall  be  styled  ""  The  Council."  The  Council  shall  consist 
of  the  President  of  the  Society,  w^ho  shall  be  the  presiding  officer, 
six  Yice-Presidents,  nine  Managers,  the  Treasurer  and  five  Past 
Presidents.  Five  members  of  the  Council  shall  constitute  a 
quorum  for  the  transaction  of  business.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance  Committee  shall 
attend  the  meetings  of  the  Council  and  take  part  in  the  discus- 
sion of  financial  questions  but  shall  not  hav^e  a  vote. 
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C  27.  The  live  surviving  Past  rresidents  who  last  held  the 
office  shall  be  lueinbers  of  the  Council  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 

C  28.  The  Council  thus  constituted  shall  be  the  legal  Trustee 
of  the  Society.  All  gifts  or  bequests  not  designated  for  a  specific 
purpose  shall  be  invested  by  the  Council,  and  only  the  income 
therefrom  may  be  used  for  current  expenses. 

C  29.  Should  a  vacancy  occur  in  the  Council,  or  in  any  elec- 
tive office  except  the  presidency,  through  death,  resignation  or 
other  cause,  the  Council  may  elect  a  Member  or  Associate  to  fill 
the  vacancy  until  the  next  annual  election. 

C  30.  The  Council  shall  regulate  its  own  proceedings,  and 
may  by  resolution  delegate  specific  powers  to  an  Executive 
Committee  or  to  any  one  or  more  members  of  the  Council.  No 
act  of  the  Executive  Committee  or  of  a  delegate  shall  be  binding 
until  it  has  been  approved  by  a  resolution  of  the  Council. 

C  31.  The  Council  shall  present  at  the  Annual  Meeting  of 
the  Society  a  report  verified  by  the  President  or  Treasurer  or 
by  a  majority  of  the  members  of  the  Council,  showing  the  whole 
amount  of  real  and  personal  property  owned  by  the  Society, 
where  located,  and  where  and  how  invested,  and  the  amount 
and  nature  of  the  property  acquired  during  the  year  immediately 
preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the 
year  immediately  preceding  such  date,  and  the  purposes,  objects 
or  persons  to  or  for  which  such  applications,  appropriations  or 
expenditures  have  been  made;  also  the  names  and  places  of  resi- 
dence of  the  persons  w^ho  have  been  admitted  to  membership  in 
the  Society  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be 
entered  in  the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C  32.  An  act  of  the  Council,  whicli  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next 
subsequent  meeting  of  the  Society,  shall  be  deemed  to  be  the  act 
of  the  Society,  and  shall  not  afterwards  be  impeached  by  any 
member. 

C  33.  The  Council  may,  by  a  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its 
incumbent  for  one  year,  from  inability  or  otherwise,  to  attend 
the  Council  meetings,  or  to  perform  the  duties  of  his  office,  and 
shall  thereupon  appoint  a  Member  or  Associate  to  fill  the  vacancy 
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unlil  the  iioxt  Anniuil  Meeting-.     The  said  ainioiiiLiiiciil  sliall  lujt 
reiuler  the  appointee  ineligible  to  election  to  any  olJice. 

OFFICERS. 

C  34.  At  each  Annual  ]\[ceting  there  shall  be  elected  from 
among  the  ^[embers  and  Associates: 

A  President  to  hold  oltice  for  one  year. 
Tliree  Vice-Presidents,  each  to  hold  office  for  two  years. 
Three  Managers,  each  to  hold  otfice  for  three  years. 
A  Treasurer  to  hold  office  for  one  year. 

C  35.  The  election  of  officers  sliall  be  by  sealed  letter-ballot, 
as  the  By-Laws  shall  provide. 

C  3G.  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  tlie  Society.  Officers  shall 
continue  in  tlieir  respective  offices  until  their  successors  have  Ijeen 
elected  and  have  accepted  their  offices. 

C  37.  A  President,  Vice-President  or  Manager  shall  not  be 
eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected. 

C  3S.  The  Council,  at  its  first  meeting  after  the  Annual 
Meeting  of  the  Society,  shall  appoint  a  person  of  the  grade  of 
Member  to  serve  as  Secretary  of  the  Society  for  one  year,  sub- 
ject to  removal  for  cause  by  an  affirmative  vote  of  fifteen  mem- 
bers of  the  Council,  at  any  time  after  one  month's  written  notice 
has  been  given  him  to  show  cause  why  he  should  not  be  re- 
moved, and  he  has  been  heard  in  his  own  defense,  if  he  so  de- 
sires. The  Secretary  shall  receive  a  salary  Avhich  shall  be  fixed 
by  the  Council  at  the  time  of  his  appointment. 

C  39.  The  President,  Secretary  and  Treasurer  shall  perform 
the  duties  legally  or  customarily  attaching  to  their  respective 
offices  under  the  Laws  of  the  State  of  Xew  York,  and  such  other 
duties  as  may  be  required  of  them  by  the  Council. 

C  40.  A  vacancy  in  the  office  of  President  shall  be  filled  by 
the  Vice-President,  who  is  senior  bv  ao:e. 

MEETINGS. 

C  41.  The  Society  shall  hold  two  meetings  in  each  year.  The 
Annual  Meeting  shall  begin  in  IS'ew  York  City  on  the  first  Tues- 
day in  December,  and  a  Semi- Annual  Meeting  shall  be  held  at 
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such  time  and  place  as  the  Council  may  appoint.  Fifty  Members 
and  Associates  shall  constitute  a  quorum  for  the  transaction  of 
business. 

C  42.  Special  meetings  of  the  Society  may  be  called  at  any 
time  at  the  discretion  of  the  Council,  or  shall  be  called  by  the 
President  upon  the  written  request  of  fifty  members  entitled  to 
vote,  the  notices  for  such  meetings  to  state  the  business  for 
which  such  meeting  is  called,  and  no  other  business  shall  be 
entertained  or  transacted  at  that  meeting. 

C  43.  Any  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  effect  until  it  has  been  approved  by  the 
Council. 

C  44.  Every  question  which  shall  come  before  a  meeting  of 
the  Society  or  of  the  Council  or  a  Committee,  shall  be  decided 
by  a  majority  of  the  votes  cast,  unless  otherwise  provided  in  this 
Constitution  or  the  By-Laws,  or  the  Laws  of  the  State  of  New 
York.  The  Council  may  order  the  submission  of  any  question 
to  the  membership  for  discussion  by  letter-ballot.  Any  meeting 
of  the  Society  at  which  a  quorum  is  present,  may  order  the  sub- 
mission of  any  question  to  the  membership  for  discussion  by 
letter-ballot. 

STANDING    COMMITTEES. 

C  45.  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  shall  be: 

Finance  Committee, 
Committee  on  Meetings, 
Publication  Committee, 
Membership  Committee, 
Library  Committee, 
House  Committee. 
C  46.     There  shall  be  a  John  Fritz  Medal  Committee  of  three 
members  appointed  as  provided  in  the  By-Laws. 
C  47.     The  Annual  Committees  shiill  be: 

An  Executive  Committee;  appointed  by  the  Council. 
A  Nominating  Committee,  appointed  by  the  President. 
Tellers   as   required    by   the   By-Laws,    appointed   by   the 
President. 
C  48.     Special  Nominating  Committee: 

Twenty  or  more  members  entitled  to  vote  may  constitute 
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theins'_4vos  a  Special    Nominatin^^   Cuiniiiittee,    with    tln'   saiixi 
powers  as  the  Annual  Xoniinatin<^r  Committee. 

C  40.     Professional  Committees: 

The  Council  shall  have  power  to  a])point,  upon  a  recom- 
mendation of  the  Society  at  a  general  meetin*^,  or  upon  its  own 
initiative,  such  Professional  Committees  as  it  may  deem  desira- 
ble, to  investigate,  consider  and  report  upon  su])jects  of  engineer- 
ing interest.  lieports  of  such  committees  may  be  accepted  by 
the  Society  and  ])rinted  in  the  Trunsartions,  but  shall  not  be 
approved  or  adoi)ted  as  the  action  of  the  Society.  Any  pro])oso(l 
expenses  of  such  committees  must  be  authorized  by  the  Council 
before  they  are  incurred. 

C  50.  Each  Committee  shall  perform  the  duties  required  of  it 
in  the  By-Laws,  or  assigned  to  it  by  the  Council.  The  Secretary 
of  the  Societv  shall  be  the  Secretarv  of  each  of  the  Standinir 
Committees. 

C  51.  The  Council  may  at  any  time,  in  its  own  discretion, 
remove  anv  or  all  members  of  any  Committee,  except  a  Nom- 
inating Committee;  and  the  vacancy,  arising  from  this  or  from 
any  other  cause,  shall  be  filled  by  appointment  by  the  President, 
except  a  vacancy  in  the  Executive  Committee,  which  shall  be 
filled  by  the  Council. 

SECTIONS    OF    THE    SOCIETY. 

C  52.  The  Council  may,  in  its  discretion,  authorize  the  or- 
ganization of  sections  or  groups  of  any  or  all  grades  of  member- 
ship, for  professional  or  scientific  purposes  which  are  in  harmony 
with  the  Constitution  and  By-Laws  of  this  Society.  Such  sec- 
tions or  groups  may,  in  the  discretion  of  the  Council,  be  geo- 
graphical or  professional,  and  shall  have  such  powers,  and  act 
under  such  rules  and  regulations  as  the  Council  may  from  time 
to  time  prescribe. 

TRAXSACTIOXS. 

C  53.  The  official  record  of  technical  papers  and  discussion, 
shall  be  know^n  as  the  Transactions  of  the  Society,  and  shall  be 
published  under  the  direction  of  the  Council.  There  may  be 
included  therein,  the  annual  re]")ort  of  the  Council,  reports  of 
Committees,  and  business  records  of  the  Societv. 
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C  54.  The  Society  shall  claim  no  exclusive  copyright  to  any 
papers  read  at  its  meeting's,  or  any  reports  or  discussions  thereon, 
except  in  the  matter  of  their  official  publication  under  the  So- 
ciety's imprint  as  its  Transactions.  The  policy  of  the  Society 
shall  be  to  give  the  professional  and  scientific  papers  read  before 
it  the  widest  circulation  possible,  with  the  view  of  making  the 
work  of  the  Society  known,  encouraging  Engineering  progress 
and  extending  the  professional  reputation  of  its  members. 

C  55.  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings. 
Matters  relating  to  politics  or  purely  to  trade  shall  not  be  dis- 
cussed at  a  meeting  of  the  Society,  nor  be  included  in  the 
Transactions. 

C  56.  The  Society  shall  not  approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or  commercial  enterprise. 
It  shall  not  allow  its  imprint  or  name  to  be  used  in  any  commer- 
cial work  or  business. 

AMENDMENTS    TO    THE    CONSTITUTION. 

C  57.  At  any  semi-annual  meeting  of  the  Society  any  mem- 
ber may  propose  in  writing  an  amendment  to  this  Constitution. 
Such  proposed  amendment  shall  not  be  voted  on  at  that  meeting, 
but  shall  be  open  to  discussion  and  to  such  modification  as  may 
be  accepted  by  the  proposer.  The  proposed  amendment  shall 
be  mailed  in  printed  form  by  the  Secretary  to  each  member  of 
the  Society  entitled  to  vote,  at  least  sixty  days  previous  to  the 
next  annual  meeting,  accompanied  by  comment  by  the  Council, 
if  it  so  elects.  At  that  annual  meeting  such  proposed  amend- 
ment shall' be  presented  for  discussion  and  final  amendment,  and 
shall  subsequently  be  submitted  to  all  members  entitled  to  vote, 
provided  that  twenty  votes  are  cast  in  favor  of  such  submission. 
The  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March 
following. 

C  58.  The  letter-ballot,  accompanied  by  the  text  of  the  pro- 
posed amendment,  shall  be  mailed  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote  at  least  thirty  days  pre- 
vious to  the  closure  of  the  voting.  The  ballots  shall  be  voted, 
canvassed  and  announced  as  provided  in  the  By-Laws.  The 
adoption  of  the  amendment  shall  be  decided  by  a  majority  of  the 
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votes  cast.  An  aiaojidiiiont  shall  take  clToct  uii  the  anriuuncc- 
ment  of  its  adoption  by  the  Presiding  Ollicer  of  the  semi-annual 
meeting  next  following  the  closure  of  the  vote. 

AMENDMENTS    TO    in -LAWS    AND    RCLES. 

C  59.  For  the  further  ordering  of  the  affairs  of  the  Society, 
the  Council  may,  by  a  two-third  vote  of  its  members  present, 
amend  the  By-Laws  in  harmony  with  this  Constitution,  pro- 
vided that  a  Avritten  notice  of  such  proposeil  amendment  shall 
have  l)een  given  at  the  jirevious  regular  meeting  of  the  Council; 
and  provided  further  that  the  Secretary  shall  have  mailed  to 
each  member  of  the  Council  a  copy  of  such  proposed  amend- 
ment, at  least  thirty  days  in  advance  of  the  meeting  of  the 
Council  at  which  action  is  to  be  taken.  The  amendment  shall 
take  effect  immediately  on  its  passage  by  the  Council.  The 
Secretary  shall  at  once  mail  a  copy  of  such  amendment  to  the 
members  of  all  grades. 

C  60.  The  Council  may,  by  a  majority  vote  of  the  members 
present  at  any  meeting,  establish,  amend  or  annul  Rules  for  the 
conduct  of  the  business  affairs  of  the  Societv;  for  the  orderins" 
and  conduct  of  its  professional  or  business  meetings:  and  for 
guidance  of  its  committees  in  their  work  and  reports:  provided 
that  such  Eules  are  in  harmon}^  with  the  Constitution  and  By- 
Laws  of  the  Society. 

CONSTITrTTOX    GOES    INTO    EFFECT. 

C  61.  This  Constitution  shall  supersede  all  previous  Rules  of 
the  Society,  and  shall  go  into  effect  on  the  announcement  by  the 
Presiding  Officer  of  its  adoption. 


BY-LAWS. 

CANDIDATES    FOR    MEMBERSHIP. 

B  1.  A  candidate  for  admission  to  the  Society  as  a  ^Member 
or  as  an  Associate  must  make  application  on  a  form  approved  by 
the  Council,  upon  Avhicli  he  shall  write  a  statement  giving  a 
complete  account  of  his  qualifications  and  engineering  ex}>erience, 
and  an  airreement  that  he  will,  if  elected,  conform  to  the  Con- 
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stitution,  l>y-Laws  and  Kules  of  the  Society.  He  must  refer  to 
at  least  five  Members  or  Associates  to  whom  he  is  personally 
known. 

I>  2.  A])])lications  for  membership  from  Engineers  who  are 
not  resident  in  the  United  States  or  Canada,  and  who  may  be 
so  situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  ])aragraph,  may  be  recom- 
mended for  ballot  by  five  members  of  the  Council,  after  sufficient 
evidence  has  been  secured  to  show  that  in  their  opinion  the  appli- 
cant is  worthy  of  admission  to  the  grade  which  he  seeks. 

B  3.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  application  in  the  same  manner  as  provided  for  Mem- 
bers, except  that  he  must  refer  to  not  less  than  three  Members 
or  Associates  to  whom  he  is  personally  known. 

B  4.  References  shall  not  be  required  of  candidates  for  Hon- 
orary Membership. 

B  5.  The  references  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
to  the  Membership  Coinmittee,  setting  forth  in  detail  such  in- 
formation, personally  known  to  referee,  as  shall  enable  the 
Council  to  arrive  at  a  proper  estimate  of  the  eligibility  of  the 
candidate  for  admission  to  the  Society. 

ELECTION    OF    MEMBERS. 

B  6.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  in  advance  of  each  annual  or  semi- 
annual meeting,  a  ballot  stating  the  names  and  the  respective 
grades  of  the  candidates  for  meinbership  in  the  Society  which 
have  been  approved  by  the  Council,  and  the  time  of  the  closure 
of  voting.  The  voter  shall  j)repare  his  ballot  by  crossing  out 
the  names  of  candidates  rejected  by  him,  and  shall  enclose  said  bal- 
lot in  a  sealed  blank  ballot  envelope  wdiich  he  shall  then  enclose  in 
a  second  sealed  outer  envelope  on  which  he  shall,  for  identifica- 
tion, write  his  name  in  ink.  The  ballot  thus  prepared  and  en- 
closed shall  be  mailed  or  delivered  unopened  to  the  Tellers  of 
Election.  The  Secretary  shall  certify  to  the  competency,  and 
the  signature  of  all  voters.  On  the  closure  of  voting,  the  Tellers 
of  Election  shall  first  open  and  destroy  the  outer  envelopes,  and 
shall  then  canvass  the  ballots,  and  certify  the  result  to  the  meet- 
ing of  the  Society. 
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]>  7.  Tlio  TcUoi's  shall  not  receive  any  IklUoI  iiiU'v  the  staled 
time  of  the  elosuro  of  votiiiL';.  A  ballot  without  the  eiulurseiiuMit 
of  the  voter,  written  in  ink  on  the  outer  envelope,  is  defective, 
[ind  shall  be  rejected  l)y  the  Tellers  of  Election. 

J>  S.  The  names  of  those  ])ersons  elected  to  membershi]),  with 
their  res})ective  grades,  shall  be  embodied  in  a  written  re])ort, 
signed  by  the  Tellers,  and  pi'esented  to  the  next  meeting  of  the 
Society.  The  President  shall  then  declare  them  duly  elected  to 
membership  in  the  Society.  The  Tellers  mjiy,  thi'ough  the 
Secretary,  in  advance  of  any  meeting  advise  each  candidate  of 
the  result  of  the  canvass  of  the  votes  in  his  case.  The  names  of 
applicants  who  are  not  elected  shall  neither  be  announced  nor 
recorded  in  the  Transactions. 

B  9.  The  endorsers  of  an  applicant  who  has  not  been  elected, 
may,  with  his  consent,  present  to  the  Council  a  written  re(|uest 
for  a  re-submission  of  his  name  to  ballot.  The  Council  may,  in 
its  discretion,  by  a  three- fourths  vote  of  the  members  present, 
order  the  name  of  the  applicant  placed  on  the  next  ballot  for 
members. 

B  10.  Election  to  Honorary  Membership  shall  be  by  letter- 
ballou  of  the  Council.  A  notice  of  such  ])roposed  election  shall 
be  mailed  by  the  Secretary  to  each  member  of  the  Council  at 
least  sixty  days  in  advance  of  the  date  set  for  the  closure  of 
such  election. 

B  11.  Each  person  elected  to  membership,  except  an  Hon- 
orary Member,  must  subscribe  to  the  Constitution,  By-Laws  and 
Rules  of  the  Society,  and  pay  the  initiation  fee  before  he  can 
receive  a  certificate  of  membership  iu  the  Society. 

ELECTION    OF    OFFICERS. 

B  12.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  before  the  Annual  Meeting,  the  names 
of  the  candidates  for  office  proposed  for  election  b}"  the  Nom- 
inating Committee. 

B  13.  The  names  of  the  candidates  proposed  by  the  dom- 
inating Committee  or  Committees,  and  the  respective  offices  for 
whi'?li  they  are  candidates,  shall  be  printed  in  separate  lists  on 
the  same  ballot  sheet,  each  list  of  candidates  to  be  printed  under 
the  names  of  the  members  of  the  particular  committee  which 
proposed  it. 
59 
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P)  14.  Tlie  iiaiiie  of  any  candidate  on  tlie  ballot  may  be 
erased,  and  the  name  of  any  ])erson  qualified  to  hold  the  oHice 
^vritten  in  its  stead.  The  voter  shall  make  a  cross  with  a  pen 
or  pencil  before  the  name  of  each  candidate  for  office  for  wliom 
he  wishes  to  vote.  The  ballot  thus  prepared  must  be  voted  and 
canvassed  in  the  same  manner  as  for  the  election  of  members. 

B  15.  At  the  first  session  of  the  Annual  Meeting,  the 
Tellers  of  Election  of  Officers  shall  canvass  the  votes  cast  for 
the  officers  of  the  Society  in  the  manner  ])resCribed  for  the  elec- 
tion of  members,  and  immediately  report  tlie  result  of  the  can- 
vass to  the  meeting.  The  President  shall  then  announce  the 
candidates  having  the  greatest  number  of  votes  for  their  respec- 
tive offices,  and  declare  them  elected  for  the  ensuing  year. 

B  16.  In  case  of  a  tie  in  the  vote  for  any  officer,  the  Presi- 
dent or,  in  his  absence,  the  Presiding  Officer  shall  cast  the  decid- 
ing vote. 

B  17.  A  ballot  which  contains  more  names  marked  by  a  cross 
on  it  than  there  are  officers  to  be  elected,  is  thereby  defective, 
and  shall  be  rejected  by  the  Tellers. 

FEES    AND    DUES. 

B  18.  The  initiation  fee  and  annual  dues  of  the  first  year 
shall  be  due  and  payable  on  notice  of  election  to  membership, 
and  upon  that  payment  the  member  w^ill  be  entitled  to  the  Trans- 
actions for  the  year.  Thereafter  the  annual  dues  shall  be  due 
and  payable  on  the  first  day  of  October  in  each  year. 

B  19.  A  member  in  arrears  for  one  3^ear  shall  not  be  entitled 
to  vote  until  such  arrears  have  been  paid.  Should  the  right  to 
vote  be  questioned,  the  books  of  the  Society  shall  be  conclusive 
evidence. 

B  20.  The  Secretary  shall  present  to  the  Council  the  name  of 
any  Member,  Associate  or  Junior  in  arrears  for  more  than  one 
year,  and  such  member  shall  not  receive  the  Transactions  until 
such  arrears  are  fully  jiaid.  A  person  dropped  from  the  rolls 
for  non-payment  of  dues  may,  in  the  discretion  of  the  Council, 
be  restored  to  the  privileges  of  membership,  upon  payment  of 
all  arrears. 

FINANCIAL    ADMINISTRATION. 

B  21.  The  Council  at  its  first  meeting  in  each  fiscal  year, 
shall  consider  the  recommendations  of  the  Finance  Committee 
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coiiooriiiiii;- the  oxjUMidilurc  iiecossarv  for  the  woi'k  of  the  Society 
during  that  year.  The  apportioning  ot*  the  work  of  the  Society 
among  the  various  Standing  and  otlier  Committees  shall  be  on 
a  basis  approved  by  tiie  Council  and  in  harmony  wiili  the  Con- 
stitution and  l)y-Laws.  The  a])pro])riations  ai)prove(l  by  the 
Council,  or  so  much  thereof  as  may  be  required  for  the  work  of 
the  Societ}^  shall  be  expended  by  the  various  Committees  of  the 
Society,  and  all  bills  against  the  Society  for  sucli  ex])en(liture 
shall  be  certified  by  the  Committee  making  the  ex|)enditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money 
shall  not  be  jiaid  out  by  any  officer  or  employee  of  the  Society 
except  upon  bills  duly  audited  by  the  Finance  Committee,  or  by 
resolution  of  the  Council. 

COMMITTEES. 

I>  22.  The  President  within  one  month  after  the  Annual 
Meeting  shall  fill  all  vacancies  in  the  Standing  Committees  by 
appointment  from  the  membershi[)  of  the  Society. 

Each  of  the  Standing  and  the  Annual  Committees,  shall,  at 
their  first  meeting  after  the  Annual  Meeting,  elect  a  Chairman 
to  serve  for  one  year.  The  President  shall  a})point  the  Chair- 
man of  each  Professional  Committee.  A  member  of  a  Standing: 
Committee  whose  term  of  office  has  expired,  shall  continue  to 
serve  until  his  successor  shall  have  been  appointed. 

FIXAXCE    COMMITTEE. 

B  23.  The  Finance  Committee  shall  consist  of  five  Members 
or  Associates.  The  term  of  office  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  each  Annual  Meeting.  This 
Committee  shall,  in  the  discretion  of  the  Council,  have  a  super- 
vision of  the  financial  affairs  of  the  Society,  including  the 
books  of  account.  The  Committee  inav  cause  the  accounts  of 
the  Society  to  be  audited  and  approved  annually  by  a  chartered 
or  other  competent  public  accountant.  The  Committee  shall 
hold  monthly  meetings  for  the  audit  of  bills  and  such  other  busi- 
ness as  shall  come  before  it  and  shall  deliver  to  tlie  Secretary  for 
presentation  to  the  Council  at  the  end  of  each  fiscal  year,  a  re- 
port of  the  financial  condition  of  the  Society  for  the  past  year, 
and  also  shall  present  therewith  a  detailed  estimate  of  the  prob- 
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able  income  and  expenditure  of  the  Society  for  the  following 
twelve  months.  It  shall  make  recommendations  to  the  Council 
as  to  investments,  and,  when  called  upon  by  the  Council,  advise 
upon  financial  questions. 

COMMITTEE    ON    MEETINGS. 

B  24.  The  Committee  on  Meetings  shall  consist  of  five  per- 
sons who  may  be  members  of  any  grade.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  It  shall  be  the  duty  of  the  Committee  to  pro- 
cure professional  papers,  to  pass  upon  their  suitability  for  pres- 
entation, and  to  suggest  topical  subjects  for  discussion  at  the 
meetings.  The  Committee  may  refer  any  paper  presented  to 
the  Society  to  a  person  or  persons,  especially  qualified  by  the- 
oretical knowledge  or  practical  experience,  for  their  suggestions 
or  opinions  as  to  the  suitability  of  the  paper  for  presentation. 
Papers  from  non-members  shall  not  be  accepted  except  by  unan- 
imous vote  of  the  Committee. 

The  Committee  shall  arrange  the  programme  of  each  meeting 
of  the  Society,  and  shall  have  general  charge  of  the  entertain- 
ments to  be  provided  for  the  members  and  guests  at  each  meet- 
ing. It  shall  prohibit  the  distribution  or  exhibition  at  the  head- 
quarters or  at  the  meeting  places  of  the  Society  of  all  advertising 
circulars,  pamphlets  or  samples  of  commercial  a])paratus  or 
machinery.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 

PUBLICATION    COMMITTEE. 

B  25.  The  Publication  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  shall  ex- 
pire at  the  end  of  each  Annual  Meeting.  The  Committee  shall 
review  all  papers  and  discussions  which  have  been  presented  at 
the  meetings,  and  shall  decide  what  papers  or  discussions,  or 
parts  of  the  same,  shall  be  printed  in  the  Transactions  of  the 
Society.  The  Committee  will  be  expected  to  publish  all  such 
data  as  will  be  of  assistance  to  eno^ineers  or  investio:ators  in  their 
work.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 
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1>  2r).  The  jMenibei'ship  ('oimnittci;  sluill  consist  of  five  Mem- 
bers or  Associates.  The  term  of  ollice  of  one  memljer  of  the 
Committee  sluill  expire  at  the  end  of  each  Annual  Meetin*^.  It 
shall  be  the  duty  of  this  Committee: 

To  m(H^t  monthly  to  receive  and  scrutinize  all  appli- 
cations for  membership  to  the  Society. 
To  send  to  each  voting  member  the  name,  qualifica- 
tions, engineering  exi)erience  and  references  of 
each  applicant,  together  with  extracts  from  the 
Constitution  and  J]y-Laws  relating  to  member- 
ship. 
To  seek  farther  information,  as  to  the  qualifications 
of  an  applicant,  whose  evidence  of  eligibility  is 
not  clear  to  the  Comrnitlee. 
To  report  to  each  session  of  the  Council  the  names 
of  all  applicants  umler  consideration  together 
with  the  miction  of  the  Committee  on  each. 
The  Committee  shall  at  once  destro}^  all  correspondence  in 
relation  to  each  applicant  when  his  name  has  been  placed  on  the 
ballot  by  order  of  the  Council,  or  upon  the  withdrawal  of  the 
application. 

LIBEARY    COMMITTEE. 

13  27.  The  Librarj^  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  dut}^  of  the  Library  Committee  to  take  charge  of 
the  Library  of  the  Society,  the  historical  relics,  the  paintings 
and  objects  of  art,  and  to  recommend  to  the  Council  suitable 
regulations  for  their  care  and  use.  At  the  end  of  each  fiscal 
}'ear,  the  Committee  shall  deliver  to  the  Secretary,  a  detailed 
report  of  its  work. 

HOUSE    COMMITTEE. 

B  28.  The  House  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  House  Committee  to  have  the  care, 
management  and  maintenance  of  the  house  of  the  Society  and 
its  furnishings.     The}^  may  make  rules  for  the  care  and  the  use 
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of  the  Society  House,  subject  to  the  approval  of  the  Council. 
At  the  end  of  eacli  fiscal  year,  the  Committee  shall  deliver  to 
the  Secretary  a  detailed  report  of  its  work, 

EXECUTIVE    COMMITTEE. 

•  B  20.  The  Council  shall  appoint  from  its  members  an  Execu- 
tive Committee  to  act  for  the  Council  during  the  interval  between 
its  sessions.  The  Committee  shall  make  a  report  of  its  acts  to 
each  session  of  the  Council  for  approval.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Executive  Committee,  but 
shall  not  have  a  vote  therein. 

• 

NOMINATING    COMMITTEES. 

B  30.  A  Nominating  Committee  of  five  Members,  not  mem- 
bers of  the  Council,  shall  be  appointed  b}^  the  President  within 
three  months  after  he  assumes  office.  It  shall  be  the  duty  of 
this  Committee  to  send  to  the  Secretary  on  or  before  October 
first  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request 
of  any  Member  or  Associate,  the  Secretary  shall  furnish  to  the 
applicant  the  names  of  such  nominees. 

B  31.  A  special  Is^ominating  Committee  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the 
names  of  the  candidates  nominated  by  it  for  the  elective  offices 
next  falling  vacant  under  the  Constitution,  together  with  the 
written  consent  of  each. 

JOHN    FRITZ    MEDAL    COMMITTEE. 

B  32.  The  John  Fritz  Medal  Committee  shall  consist  of  three 
persons  of  the  grade  of  Member,  to  be  ap[)ointed  by  the  Council. 
The  term  of  office  of  one  member  of  this  Committee  shall  expire 
at  the  end  of  each  annual  meeting.  The  duty  of  this  Committee 
shall  be  to  represent  the  Society  in  the  Board  of  Trustees  of  the 
John  Fritz  Medal  Fund  Corporation. 

REPRESENTATIVE    DELEGATES. 

B  33.  The  Council  may  in  its  discretion  appoint  a  member 
or  memljers  of  the  Society  or  other  person  or  persons  to  repre- 


REPORT   OF   Sl'iaiAl.   COMMITTEE   ON    RULES  AND    METHODS.      i)17 

sent  it  lit  nieetin<^'s  of  Societies  of  kiiulicd  aim  or  at  public 
I'liiu'tions.  Such  (lelogatcs  shall  he  (lcsi<^ii;itc(l  ;is  "  llouoniry 
Vice-ProsiihMits,"  and  tlioir  duties  sliall  terminate  with  th(;  occa- 
sion f(^r  wliic'li  they  were  appointed. 

TELLERS. 

B  34.  The  Presiding  Onicer  shall,  at  the  first  session  of  the 
Annual  Meeting,  appoint  three  Tellers  of  P^lection  of  oHicers, 
whose  duties  sliall  be  to  canvass  the  votes  cast,  and  report  the 
result  to  the  meeting.  Their  term  of  office  shall  terminate 
when  their  rej^ort  of  the  canvass  is  presented  to  the  meeting. 

1)  35.  The  President  within  one  month  after  assuming  office 
shall  a])point  three  Tellers  of  Election  of  members  to  serv^e  for 
one  year,  whose  duties  shall  be  to  canvass  the  votes  cast  for 
members  during  the  year,  and  to  certify  the  same,  to  the  Presi- 
dent. They  shall  notify  candidates  through  the  Secretary  of 
the  result  of  such  election. 

B  36.  The  President  shall  appoint  three  Tellers  to  canvass 
any  letter-ballots  Avhich  shall  be  ordered  by  the  Council  or  by 
the  Society. 

MEETINGS. 

B  37.  The  meetings  of  the  Society  shall  continue  from  day 
to  dav  as  the  meetin<j:  mav  decide.     The  business  session  of  the 


n 


Annual  Meeting  shall  be  held  on  Wednesdav  followino^  the  first 
Tuesday  of  December.  The  professional  sessions  for  the  reading 
of  papers  shall  be  held  at  such  times  and  places  as  the  meeting 
may  appoint.  Notices  of  all  meetings  of  the  Society  shall  be 
mailed  by  the  Secretary  to  members  of  all  grades  not  less  than 
thirty  days  before  the  date  of  such  meeting. 


SECRETARY. 

B  38.  The  Secretary  of  the  Society  shall  be  the  Secretary  to 
the  Council  and  also  to  each  of  the  Standing  Committees. 

The  Secretary  shall,  under  the  supervision  of  the  Finance 
Committee,  have  charge  of  the  Books  of  Account  of  the  Society. 

He  shall  make  and  collect  all  bills  against  members  or  others. 

He  shall  have  charge  of  all  bills  against  the  Society,  shall 
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Icocj)  an  account  of  the  same,  and  shall  present  them  in  proper 
form  to  the  Finance  (/ommittee  for  audit. 

All  funds  received  by  any  person  for  the  Society,  shall  bcj  de- 
livered to  the  Secretary.  lie  shall  immediately  enter  them  in 
the  Books  of  Account,  and  shall  immediately  deposit  such  funds 
as  he  receives,  to  the  credit  of  the  Society,  in  a  Bank  to  be  des- 
ignated by  the  Council. 

TREASURER. 

B  39.  The  Treasurer  shall  make  payments  only  on  the  audit 
of  the  Finance  Committee,  or  upon  the  direction  of  the  Council, 
by  resolution  of  that  body.  He  shall  furnish  a  bond  for  the 
faithful  performance  of  his  duties  to  such  amount  as  the  Council 
may  require,  such  bond  to  be  procured  from  an  incorporated 
Guarantee  Company,  at  the  expense  of  the  Society. 


TITLES,    EMBLEMS,    CERTIFCATE. 

B  40.  Each  Member  and  Associate  shall,  subject  to  such  rules 
as  the  Council  may  establisli,  be  entitled  on  request,  to  a  certifi- 
cate of  membership,  signed  by  the  President  and  Secretary  of 
the  Society.  Every  such  certificate  shall  remain  the  ])roperty 
of  the  Society,  and  shall  be  returned  to  it  on  demand  of  the 
Council. 

B  41.  Each  proxy  authorizing  a  person  to  vote  for  an  absent 
member,  shall  be  signed  by  such  absent  member,  with  an  attest- 
in  o*  witness,  and  be  submitted  to  the  Secretarv  for  verification 
of  the  member's  right  to  vote  at  the  meeting  at  which  the  right 
is  to  be  exercised. 

B  42.  The  emblem  of  each  grade  of  members)] ip  approved 
by  the  Council  shall  be  worn  by  those  only  who  belong  to  that 
grade.  The  official  stationary  shall  be  used  only  b\^  Officers 
and  Committees  of  the  Society. 

B  43.  The  abbreviation  of  the  titles  of  the  various  grades  of 
membership  approved  by  the  Society  are  as  follows: 

For  Honorary  Members,     .     .  Hon.  Mem.  Am.  Soc.  M.  E. 

F'or  Members, Mem.  Am.  Soc.  M.  E. 

For  Associates, Assoc.  Am.  Soc.  M.  E. 

For  Juniors, Jun.  Am.  Soc.  M.  E. 
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HULKS. 

H  1.  The  Secretary's  office  shall  be  open  on  business  days 
from  0  A.M.  to  5.30  p.m.  Durin<!^  the  Aiinual  Meetin<^^,  the  office 
shall  be  open  from  9  a.m.  to  10  p.m.  A  re<»ister  shall  be  ke])t 
for  each  regular  meeting,  to  record  the  attendance  of  members 
and  guests. 

R  2.  The  Secretary  shall  provide  a  numbered  badge  or  pin 
for  each  member  or  guest  attending  the  regular  meetings,  the 
number  on  the  badges  to  corres])ond  with  the  member's  of 
"fuest's  number  on  the  rej^ister. 

II  3.  The  Secretary  shall  at  each  regular  meeting  of  the  So- 
ciety distribute  at  the  headquarters  a  printed  list  of  the  names 
reo'istered  at  the  meetino:. 

H  4.  Copies  of  papers  to  be  read  and  discussed  at  any  meet- 
ing shall  be  sent  to  each  member  thirty  days  in  advance  of  that 
meeting.  A  paper  received  too  late  for  such  distribution  shall 
only  be  accepted  for  presentation  at-  that  meeting  b}^  unanimous 
consent  of  the  Committee  on  Meetings.  A  blank  shall  accom- 
pany the  papers  bv  which  a  member  may  signify  his  intention 
to  discuss  any  of  the  papers,  and  priority  in  debate  shall  be  given 
in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

E  5.  At  professional  sessions,  each  paper  shall  be  read  by 
abstract  onh^,  ten  minutes  being  allowed  to  the  author  for  the 
presentation,  unless  otherwise  ordered  by  the  meeting. 

It  ().  A  member  who  has  given  notice  of  his  intention  to  dis- 
cuss a  paper,  and  shall  have  reduced  his  discussion  to  writing, 
shall  be  entitled  to  ten  minutes  for  its  presentation. 

R  7.  Each  speaker  shall  be  limited  to  five  minutes  in  the  oral 
discussion  of  a  paper,  unless  the  time  should  be  extended  by 
unanimous  consent.  A  member  who  has  once  had  the  floor 
cannot  claim  it  again  until  all  the  others  have  been  heard  who 
desire  to  speak  on  that  paper.  Authors  may  have  five  minutes 
to  close  the  discussion  on  the  pa])er. 

R  S.  Members  unable  to  attend  the  meetino^  may  send  a  dis- 
cussion  of  any  paper  in  writing,  to  be  presented  by  the  Sec- 
retary. 

II  9.  The  Committee  on  Meetings  shall  deliver  to  the  Secre- 
tary such  papers  as  they  recommend  for  presentation  to  the 
professional  meetings  of  the  Society. 
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11  10.  The  Secretary  shall  have  sole  possession  of  papers  and 
illustrations  between  the  time  of  their  approval  by  the  Commit- 
tee on  Meetings,  and  their  presentation  to  the  ])rofessional  session 
of  the  Society. 

R  11.  After  the  presentation  and  discussion  of  a  paper,  a 
copy  of  both  shall  be  sent  to  the  author,  and,  so  far  as  possible, 
a  copy  of  the  reported  discussion  shall  be  sent  to  each  member 
who  presented  it,  \yith  the  request  that  he  correct  errors  or 
omissions,  and  return  the  same  promptly  to  the  Secretary. 

R  12.  Members  may  order  reprints  of  papers  at  a  price  suffi- 
cient to  cover  the  cost  to  the  Society,  provided  that  said  copies 
are  not  for  sale. 

R  13.  The  Secretary  may  furnish  to  the  author  twenty  copies 
of  his  paper  without  charge.  He  may  also  furnish  to  the  tech- 
nical press  such  papers  in  advance  of  the  meeting  as  they  may 
wish  to  publish  after  presentation  to  the  meeting  of  Society. 

R.  14.  The  entertainments  to  be  provided  for  the  members 
and  guests  at  any  meeting  of  this  Society  in  any  city  shall  be  in 
charge  of  a  Local  Committee,  subject,  however,  to  the  general 
approval  of  the  Committee  on  Meetings. 

R  15.  A  member  may  invite  a  non-member  to  the  profes- 
sional sessions  of  the  meeting,  but  the  guest  shall  not  take  ])art 
in  the  proceedings  without  an  invitation  from  the  Presiding 
Officer.  Invitations  to  guests  of  members  for  the  entertain- 
ments provided  for  the  Society  shall  be  in  the  discretion  of  the 
Local  Committee. 

R  16.  The  Society  House  shall  be  open  at  all  hours  for  access 
to  members.  The  Library  shall  be  open  on  all  week  days  be- 
tween the  hours  of  10  o'clock  a.m.  and  10  o'clock  r.M.  It  shall 
be  conducted  as  a  Free  Public  Reference  Library  of  Engineering 
and  the  Allied  Arts  and  Sciences. 

R  17.  Juniors  who  were  elected  to  membership  in  the  Society 
six  years  or  more  previous  to  the  adoption  of  this  Constitution, 
shall  pay  the  same  dues  as  an  Associate,  beginning  with  the 
fiscal  year  which  opens  after  such  adoption.  Juniors,  who  have 
been  elected  less  than  six  years  before  that  date,  shall  pay  the 
dues  of  an  Associate  on  the  expiration  of  six  years  after  their 
election. 


noil.KK    ri.ATK,   KIVET    STKKL,  STKKJ.    C"AS'HN(iS    AND    F()K(;iN(;S.     \)I\ 


No,  979.* 

SPECIFICATIONS  FOR  BOILFR  PLATE,  RIVET  STEEL. 
STEEL   CASTINGS  AND   STEEL   FORGINGS. 

Professor  Sj)(nH//cr. — You  may  reiiiember  the  condiLious  under 
-which  this  Comuiittee  was  appointed,  but  to  make  it  entirely 
clear  I  would  like  to  go  into  the  history  of  it  just  a  little.  There 
is  a  society  known  as  the  American  Society  for  Testing  Mate- 
rials, which  was  the  outgrowth  of  the  International  organization 
of  which  we  have  heard  a  great  deal  at  meetings  of  this  Society. 
Committees  Xo.  1  of  that  Society  prepared  a  series  of  specifica- 
tions, and  Mr.  Webster,  at  the  request  of  Mr.  Ilutto'n,  ])resented 
these  specifications  at  a  meeting  of  this  Society,  and  asked  that 
a  committee  be  appointed  07i  this  particular  subject.  A  com- 
mittee of  five  was  a])pointed,  consisting  of  Mr.  Cramp,  Mr. 
Kent,  Mr.  Morison,  Mr.  Waitt  and  myself.  In  the  usual  way 
copies  of  these  specifications  Avere  sent  to  various  members  of 
tlie  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
Avriting  two  or  three  letters,  replies  were  received.  The  Com- 
mittee decided  to  submit,  at  this  time,  a  report  to  the  Society, 
subject  to  revision,  asking  that  tlie  report  be  sent  to  all  members 
of  the  Society,  that  something  like  a  full  written  discussion  from 
members  Avho  are  interested  in  the  subject  might  be  had,  and 
that  a  revised  report  be  formulated  at  some  future  time. 

It  seems  to  me  to  be  the  proper  procedure  that,  after  this 
Society  has  finished  whatever  work  it  may  decide  to  do,  the 
report,  together  with  the  report  of  all  the  committees  of  other 
societies  that  may  be  Avorking  on  the  sul)ject,  should  go  back  to 
Committee  Xo.  1 — that  is,  any  re])ort  that  Ave  might  make 
should  be  rather  an  advisory  report  than  an  attempt  at  a  finality. 
This  Committee  Xo.  1  is  the  Committee  which  Avill  finally, 
I  believe,  formulate  specifications  under  Avhicli  Avork  of  this  sort 
is  to  be  done. 

With  this  as  an  introduction,  your  Committee  would  respect- 
fnlly  report  as  follows: 

*  Appendix  No.  4  to  the  Proceedings. 
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SPECIFICATIONS   FOR   JiOlLER   PLATE,    RIVET   STEEL,    STEEL 
CASTLNGS  AND  STEEL  FORGINGS. 

This  report  is  sent  out  subject  to  revision,  and  tlie  Committee  asks  that 
written  discussion  be  sent  to  its  chairman  that  the  results  may  be  incorporated 
in  the  final  report  to  be  presented  at  the  New  York  meeting  of  the  Society. 

The  Committee  to  which  was  referred  the  question  of  specifications  for  boiler 
plate,  rivet  steel,  steel  castings  and  steel  forcings,  reports  that  it  has  used  the 
specifications  prepared  by  the  American  Branch  of  Committee  No.  1  of  the 
International  Association  for  Testing  Materials,  of  which  Mr.  Wm.  R.  Webster 
is  Chairman,  as  the  basis  of  its  work,  and  the  changes  hereafter  noted  are  recom- 
mended in  these  specifications. 

1.  That  the  maximum  sulphur  in  flange  or  boiler  steel  be  reduced  from 
.05  to  .04. 

2.  That  the  tensile  strength  be  specified  as  stated  in  the  table  with  an  allow- 
able variation  of  5,000  pounds.  That  fire  box  steel  be  specified  at  55,000  pounds 
instead  of  57,000  pounds  per  square  inch.  That  the  determination  of  the  yield 
point  for  ordinary  grades  be  omitted. 

3.  The    tensile    strength    of    castings    has    been    modified,    the     specified 

value  desired  being  stated,  and  the  variation,  5,000  pounds,  being  allowed. 

The  values,  as  recommended  by  Committee  No.  1,  and  by  this  Committee,  are 

as  follows: — 

Cora.  No.  Ts.  Kecommendcd  by 

jVIinimum.  Committee. 

Soft 60,000  60,000  ±  5,000 

Medium 70,000  70,000  ±  5,000 

Hard    85,000  80,000  ±  5,000 

4.  Tlie  elongation  in  8"  is  stated  instead  of  in  2"  and  an  increase  in  elongation 
of  25%  is  called  for  on  the  2"  specimen. 

For  a  2"  specimen  from  castings  the  corresponding  elongations  are: 

Recommended  by  this 
Com.  No.  1.  Committee. 

Soft 22%  20%, 

Medium 18%  17.5%o 

Hard    15%  15% 

5.  That  the  8"  specimen  be  made  the  standard  specimen  and  the  2"  to  be 
used  only  when  it  is  inconvenient  to  use  the  8". 

6.  That  nickel  steel  forgings  and  oil  tempered  forgings  be  not  included  in 
this  specification,  because  the  present  state  of  the  art  does  not  warrant  general 
specifications  being  drawn  for  these  materials. 

7.  That  for  soft  or  low  carbon  steel  forgings  the  chemical  requirements  be 
not  over  .00  phosphorous,  and  .05  sulphur,  instead  of  .10  phosphorous  and 
.10  carbon. 

8.  That  for  "carbon  steel  not  annealed"  the  term  "medium  steel"  be  used, 
and  that  the  sulphur  be  reduced  from  .06  to  .05  per  cent. 

9.  That,  wherever  it  is  desirable  that  the  elastic  limit  be  determined,  an 
extensometer  be  used,  and  that  the  elastic  limit  be  taken  as  "that  point  at 
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wliirh  the  olonjjjation  in  S'    por  1, ()()()  iMniiuls  of  added  stress  |)er  s(ni:ire  iiieli 
lirst  exceeds  four  ton-tliousaiidtlis  of  an  inch."* 

10.  Tlie  remainder  of  the  specifications  of  Connuit tee  No.  1  are  re( onimeiide*' 
for  adoption,  and  are  here  re-arran<ied. 

Standard  Specifications  for  Steel  Boiler  Plate,  Hivet.s,  Castings  and 

Forcings. 

Process  of  Manufacture. 

Boiler  Plate  and  Rivet  Steel  shall  be  made  by  the  open  hearth  process. 
Castinilis  and  For«:;ings  are  to  be  made  by  the  open  hearth,  crncible,  or  Bessi- 
mer  process. 
Castinj;s  are  to  be  annealed  or  unamiealed  as  specified. 

Tensile  2'ests. 

Test  piece — The  standard  test  specimen  siiall  be  eii!;ht  inches  (8")  jraufred 
length.     The  standard  shape  is  shown  in  Fig.  145. 


,,  MM. 
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Fig.  145. 


!^)ecial  Committte 


Width  of  specimen  along  the  parallel  section  shall  be  H  inches,  whenever 
possible. 

Thickness  of  specimen  shall  be  one-half  inch  or  over,  wheneAcr  possible. 

Plates — Two  opposite  sides  shall  be  the  rolled  surfaces  if  not  over  |-inch  thick. 

Rivets — Rivet  rounds  and  small  rolled  bars  shall  be  tested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  may  be  planed  parallel  sided  or  turned 
parallel  for  not  less  than  9  inches  in  length,  the  smallest  dimension  being  ^-inch, 
if  possible. 

When  it  is  inconvenient  to  use  the  standard  test  specimen  the  specimen 
may  be  made  as  sho^^^l  in  Fig.  146.  In  ever}*  such  specimen  the  elongation 
in  two  inches  will  be  25%  greater  than  that  specified  for  the  standard  specimen. 

N'umher  of  Test  Specimei2S. 

If  a  tensile  specimen  develops  flaws  or  breaks  outside  the  middle  third  of 
its  gauged  length,  another  may  be  substituted. 

*  The  ''apparent  elastic  limit,"'  suggested  by  Prof.  J.  B.  Johnson  and  re- 
stated by  Kent  in  Transactions  of  Mining  Engineers,  1903. 
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rUitvs — One  from  caoli  plate  as  it  is  rolled. 
Rivet  Rounds. — Two  from  each  melt. 

Cdfffings  and  Forglnga — Depending  upon  the  character  and  importance  of 
the  piece. 

Location  of  Test  Specimens. 

Castings — A  test  piece  shall  be  cut  cold  from  a  coupon  to  be  molded  and 
cast  on  some  portion  of  one  or  more  castings  from  each  melt  or  l)low,  or  from 
the  sink-heads  (in  case  heads  of  sufficient  size  are  used.)  Tlie  coupon  or  sink- 
head  must  receive  tlie  same  treatment  as  the  casting  •  or  castinj^s,  before  the 
specimen  is  cut  out,  and  l:)efore  the  coupon  or  sink-head  is  removed  from  the 
casting. 

Forgings— The  test  specimen  shall  be  cut  cold  from  tlie  forging  or  full-sized 
prolongation  of  the  same  parallel  to  the  axis  of  the  forging  and  half  way  be- 
tween the  center  and  outside,  the  specimens  to  be  longitudinal,  i.e.,  the  length 


Fig.   146. 

of  the  specimen  to  correspond  with  the  direction  in  which  the  metal  is  most 
drawn  out  or  worked.  When  forgings  have  large  ends  or  collars,  the  test 
specimens  shall  be  taken  from  a  prolongation  of  the  same  diameter  or  section 
as  that  of  the  forging  back  of  the  large  end  or  collar.  In  the  case  of  hollow 
shafting,  either  forged  or  l^ored,  the  specimen  shall  be  taken  within  the  finished 
section  prolonged,  half  way  between  the  inner  and  outer  surface  of  the  wall  of 
the  forging. 

Bending  Tests. 

Bending  test  may  be  made  either  by  pressure  or  by  blows. 

Cold  bending  tests  are  to  be  made  on  the  material  in  the  condition  in  which 
it  is  to  be  used.  For  a  quenched  bending  test  the  specimen  shall- be  heated 
to  a  light  cherry-red  as  seen  in  the  dark,  and  quenched  in  water,  the  tempera- 
ture of  which  is  between  80°  and  90°  Fahrenheit. 


Test  Specimen. 

Plates — One  and  one-half  inches  wide  and  if  f-inch  or  less  in  thickness  with 
opposite  faces  rolled.  If  over  f-inch  thick,  specimen  may  be  reduced  to  ^-inch. 
Edges  are  to  be  milled  or  planed. 
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liiiul  h'ounds     'IVstctl   full  size  ms  rollrd. 

Cdflinys  and  Fortjimjs — Spcciiiit'ii  one  iiicli  hy  <nio-lialf  inch. 

N utnln  r  oj  7V.s7  S/iicinitus. 

Phiirs  ()n(>  cold  IxMidiiiLr  and  (»nc  (|ucii(licd  l)cndiii<:  s|)cciiMcii  from  cacli 
plat(«  as  it  is  rolled. 

Rirct  Rounds — Two  cold  IxMidiiiii  and  two  (lueiichcd  hcndijifz;  speciineiis  for 
each  melt. 

Location  of  Specimen. 

Caslinij.s  (uul  Forc/ings — .\s  si)eciiied  for  tension  specimen. 

Ch  em  ica  I  A  n  a  Ii/s  is . 

Turniniis  from  tensile  specimen,  drillings  from  tensile  or  bending  specimen 
or  drillin<rs  from  small  test  inii;ot  may  he  used  for  chemical  analysis. 

For  locomotive  fire  box  steel  check  analysis  may  be  required  from  the  tensile 
specimen  of  each  plate  as  rolled. 

Drop    Test. 

A  test  to  destruction  may  be  substituted  for  the  tensile  test,  in  the  case  of 
small  or  unimportant  castinirs,  by  selectinir  three  castinjjs  from  a  lot.  This 
test  shall  show  the  material  to  be  ductile  and  free  from  injuriou.s  defects,  and 
suitable  for  the  purposes  intended.  A  lot  shall  consist  of  all  castings  from 
the  same  melt  or  blow,  annealed  in  the  same  furnace  charge. 

Percussion  Test. 

Large  castings  are  to  be  suspended  and  hannnered  all  over.  No  cracks, 
flaws,  defects,  nor  weakness  shall  appear  after  such  treatment. 

Homogeneity  Test  for  Fire  Box  Steel. 

A  sample  taken  from  a  broken  tensile  test  specimen,  shall  not  show  any 
single  seam  or  cavity  more  than  one-fourth  inch  (\")  long  in  either  of  the  three 
fractures  obtained  as  described  below. 

A  portion  of  the  broken  tensile  specimen  is  either  nicked  with  a  chisel  or 
grooved  on  a  machine,  transversely  about  a  sixteenth  of  an  inch  (,'g-")  deep, 
in  three  places  about  two  inches  (2")  apart.  The  first  groove  should  be  made 
on  one  side,  two  inches  (2'')  from  the  square  end  of  the  specimen;  the  second, 
two  inches  (2")  from  it  on  the  opposite  side;  and  the  third,  two  inches  (2") 
from  the  last,  and  on  the  opposite  side  from  it.  The  test  specimen  is  then 
put  in  a  vice,  with  the  first  groove  aliout  a  quarter  of  an  inch  (^")  above  the 
jaws,  care  being  taken  to  liold  it  firmly.  The  projecting  end  of  the  test  speci- 
men is  then  broken  ofT  by  means  of  a  hammer,  a  mmiber  of  liglit  l)lows  being 
used,  and  the  bending  being  awav  from  the  groove.  The  specimen  is  broken 
by  the  Other  two  grooves  in  the  same  way.  The  object  of  this  treatment  is 
to  open  and  render  visil)le  to  the  eve  any  seams  due  to  failure  to  weld  up,  or 
to  foreign  interposed  matter,  or  cavities  due  to  gas  bubbles  in  the  ingot.    After 
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rupture,  one  side  of  each  fracture  is  examined,  a  pocket  lense  being  used  if  nec- 
essary, and  the  leng;th  of  the  seams  and  cavities  is  determined. 

Birinding. 

Every  finished  piece  of  steel  plate  shall  be  stamped  with  the  melt  number, 
.".nd  each  plate,  casting  or  forj]!;ing  and  the  coupon  or  test  specimen  cut  from 
it,  shall  be  stamped  with  a  separate  identifyin<]i;  mark  or  numl)er.  Rivet  steel 
may  l)e  sliipped  in  bundles  securely  wired  toj.';ether  with  the  melt  number  on 
a  metal  tag  attached. 

Variation  in  Weight. 

The  variation  in  cross  section  or  weight  of  more  tlian  2^  per  cent,  from  that 
specified  will  be  sufficient  cause  for  rejection,  except  in  the  case  of  sheared 
plates,  which  will  l)e  covered  by  the  following  permissible  variations: 

Plates  12|  pounds  per  square  foot  or  heavier,  up  to  100  inches  wide,  when 
ordered  to  weight,  shall  not  average  more  than  2^  per  cent,  variation  above 
or  2^  per  cent,  below  the  theoretical  weight.  When  100  inches  wnde  and  over 
5  per  cent,  above  or  5  per  cent,  below  the  theoretical  weight. 

Plates  under  12^  pounds  per  square  foot,  when  ordered  to  weight,  shall  not 
average  a  greater  variation  than  the  following: 

Up  to  75  inclies  wide,  2^  per  cent,  above  or  2^  per  cent,  below  the  theoretical 
weight.  75  inches  w^ide  up  to  100  inches  wide,  5  per  cent,  above  or  3  per  cent. 
l)elow  the  theoretical  weight.  Wlien  100  inches  wide  and  over  10  per  cent, 
aliove  or  3  per  cent,  below  the  theoretical  weight. 

For  all  plates  ordered  to  gauge,  there  will  be  permitted  an  average  excess 
of  weight  over  that  corresponding  to  the  dimensions  on  the  order  equal  in 
amount  to  that  specified  in  the  following  table: 


Table  of  Allowances  for  Overweight  for  RECTAXGUt^AR  Plates  When 

Ordered  to  Gauge. 

Plates   will   be   considered   up   to  gauge  if  measuring  not  over  yiQ-inch  less 
than  the  ordered  gauge. 

The  weight  of  1  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound. 

Plates  \-inch  and  over  in  thickness. 

Width  of  Plate. 


Thickness  of 
Inch. 

plate. 

Up 

to  IS  inches. 
Per  cent. 

7.5  to  100  inches. 
Per  cent. 

Over  100  inches, 
Per  cent. 

i 

10 

14 

18 

h 

8 

12 

16 

1 

7 

10 

13 

-1^6- 

6 

8 

10 

^ 

5 

7 

9 

1% 

^ 

61 

8i 

H 

4 

6 

8 

Over  f 

3| 

5 

6i 
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Pldtrs    iindrr    ]     inch    in    ////cA/jr.s.s. 

Width  ok  IM.ate. 


Thickness  of  plate. 
Inch. 

J 

up  to 

3« 

3* 

1 1 

A 

A 

n 

4 

Up  to  r)()  iiici 

Per  cent 

tea. 

50  inches  and  abinx*. 
Per  cent. 

10 

ir, 

8i 

m 

7 

10 

Finish. 

All  material  must  have  workmanlike  finish. 

Plates  must  be  free  from  injurious  surface  defects  and  laminations. 

Castinjjjs  must  be  true  to  pattern,  free  from  blemish,  flaws  or  shrinkage  cracks, 
liearini;  surfaces  shall  be  solid  and  no  porosity  .shall  l)e  allowed  in  positions 
where  the  resistance  and  value  of  the  castings  for  the  purpose  intended  will 
be  seriously  affected  thereby. 

Forcings  must  be  free  from  cracks,  flaws,  seams  or  other  injurious  imper- 
fections, and  must  conform  to  dimensions. 


Inspection. 
The  inspector  representino;  the  purchaser  shall  have  all  reasonable  facilities 
aftbrded  to  him  by  the  manufacturer  to  satisfy  him  that  the  finished  material 
is  furnished  in  accordance  with  these  specifications.     All  tests  and  inspections 
shall  be  made  at  the  place  of  manufacture,  prior  to  shipment. 

Respectfully  submitted, 

H.  W.  Sp ANGLER,  Chairman. 


Chemical  Properties. 

Pnv>icAL  Properties. 

BENDINt;. 

Steel. 

Phos- 
phorus 
(not  over), 
per  cent. 

Sulphur 
(not 
over), 

per  cent. 

Manganese, 
per  cent. 

Tensile 

strength, 

lbs.  per  gq.  in. 

(Allowable 

variation, 

±  5,0C01bs.) 

QC  *^ 

il 

Contraction  of 
area,  per  cent. 

Around  a 
diameter  of— 

Through 
-  degrees. 

Boiler  Plate  & 

Rivet: 

Extra  soft .  .  . 

.04 

.04 

.30  to 

.50 

60,000 

28 1 

Flat. 

180 

Fire  box. .  . 

Acid,   .04 
Basic,  .03 

|..o. 

.30  to 

.50 

55,000 

26 1 

Flat. 

180 

Flange    or  \ 
boiler  .  .  .  .  ( 

Acid,   .06 
Basic,  .04 

}-  .04 

.  30  to 

.60 

60,000 

25  t 

Flat. 

180 

FORGIXGS : 

Soft 

.06 
.06 
.04 

.05 
.05 
.04 

60,000 
70.000 
80,000* 

22 

16 

18 

35 

30 
35 

U" 
1" 

180 

IMecftum 

180 

High 

180 

Castings.     (When  physical  requirements  are  not  specified  carbon  must  be  less 
than  40  per  cent,  and  phosphorus  less  than  .08  per  cent.) : 


Soft 
Medium 
Hard  .  . 


.05 
.05 
.05 


.05 
.05 
.05 


60,000 
70,000 
80,000 


16 
14 
12 


30 
25 
20 


1" 
1" 


I  120 
90 


*  For  carbon  steel,  to  be  annealed  and  having  no  diameter  nor  thickness  greater  than 
10  inches,  allow  a  reduction  of  l.UOO  pounds  for  each  additional  inch  in  diameter  or  in 
thickness  of  section. 

+  For  material  over  f  inch  thick  deduct  1  per  cent,  for  each  \  inch  excess.  For  material 
under  /ij  inch  thick  deduct  2^  per  cent,  for  each  15  inch  decrease. 

60 
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The  Coinmittce  submits  this  as  a  tentative  re{)ort,  and  asks 
for  it  the  cju'eful  consideration  of  tlie  members  of  the  Society 
who  are  interested  in  the  subject. 

Mr.  llenning. — From  what  Professor  Sj)anoler  lias  said  T  jim 
simj)ly  amazed.  There  are  statements  made  in  the  report  which 
cannot  be  sup})orted.  The  determination  of  a  very  important 
property  indicated  by  the  "yield  j)oint"  has  been  dropped  be- 
cause it  lias  become  the  custom  in  our  mills  to  run  machines  at 
such  speed  as  to  make  it  impossible  to  determine  it.  Now,  I  am 
going  to  stand  and  light  for  this,  the  determination  of  this  point, 
until  I  am  dead.  It  is  time  to  ])ut  a  stop  to  such  preposterous 
audacity.  I  tell  you,  gentlemen,  as  engineers,  that  we  should 
rather  determine  the  permanence  and  the  actual  strength  of  all 
machines  and  structures,  not  by  the  ultimate  resistance,  the 
breaking  point,  but  solely  by  the  location  of  the  yield  point, 
that  point  at  which  the  material  begins  to  change  its  shape  per- 
manently. A  lathe,  a  machine,  a  bridge  or  boiler,  once  it  begins 
to  change  its  shape  permanently,  is  ruined.  It  has  become  the 
custom  in  this  country  to  run  testing  machines  at  such  speed 
that  no  one  can  tell  whether  tlie  beam  is  floating  at  zero  and  in- 
dicating the  load  that  is  transmitted  to  the  test  piece,  and  I  am 
ready  to  prove  that  in  court  or  anywhere  else.  Under  such  con- 
ditions it  is  absolutely  impossible  to  determine  the  yield  point  or 
any  other  facts.  The  elastic  limit  is  something  we  need  not  talk 
about,  because  it  is  diflicult  to  determine,  except  by  the  most 
sensitive  apparatus.  The  method  here  described  is  absolutely  in- 
accurate. I  will  tell  you  why.  When  you  determine  the  one- 
thousandth  of  an  inch  of  elongation  it  can  only  be  done  by  ap- 
plying a  load  to  the  test  piece  and  taking  a  reading  by  very  deli- 
cate apparatus  ;  it  must  read  to  the  ten-thousandth  of  an  inch  in 
order  to  get  accurately  the  thousandths  of  inches.  When  you  take 
a  reading  and  stop  the  load  and  then  reload  that  material,  it  begins 
to  stretch  slightly,  but  the  yield  point  will  thereby  be  raised. 

I  wish  to  prevent  such  a  report  going  into  print.  What  I  am 
stating  are  well  known  facts. 

Therefore,  I  do  not  want  such  si)ecifi cations  proposed  when 
there  are  methods  for  determining  the  yield  point  accurately — 
by  simply  running  the  testing  machine  at  a  proper  speed.  I  re- 
peat, that  by  running  a  machine  as  rapidly  as  stated,  no  one  can 
know  whether  the  beam  is  kept  floating*  by  the  loads  applied  or 
by  inertia,  and  I  object  most  strongly  to  such  statements  ajipear- 
ing  at  this  late  date  in  a  report  of  this  society. 
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UMTED     STATES    ARMY    GUS    FACTORY,      WATER- 
VLIET   ARSEXAL,    X.    Y. 

BY  JOHN   M.  n.  SCHEELE.  WASOINGTOX,  D.  C. 

^Junior  Mcmljer  of  the  Society.) 

1.  The  object  of  this  paper  is  to  give  a  general  description, 
and  is  particularly  intended  for  those  members  who  will  have  an 
o]iportunity  to  visit  the  United  States  army  gun  factory  at 
AVatervliet  Arsenal,  Xew  York,  where  the  largest  audmost  pow- 
erful gun  in  the  world  has  been  built.  It  is  the  only  Government 
armv  fifun  factory  in  the  countrv.  AVork  of  similar  character  is 
also  beins:  done  at  the  AVashinirton  naw  yard  for  the  naval 
service. 

2.  AVatervliet  arsenal  was  established  in  1S13  as  a  military 
establishment  principally  for  the  manufacture  of  field,  siege  and 
sea-coast  carriages.  Field  carriages  and  leather  equipment  work 
continued  to  be  manfactured  at  the  arsenal  up  to  the  establish- 
ment of  the  o'un  factory  in  1SS7,  when  the  harness  manufactur- 
ing  was  transferred  to  Kock  Island  arsenal,  and  later  on  the  field 
carriacre  manufacturins^  \yas  also  transferred  to  the  same  arsenal. 
The  shop,  built  in  1SS7,  is  now  used  and  es])ecially  equipped  for 
the  manufacture  of  field  and  sieire  oruns,  which  is  a  distinct  and 
separate  department  from  the  sea-coast  gun  shop. 

In  the  south  wing  of  the  field  and  siege  gun  shop  will  be  seen 
an  annealing  furnace  designed  and  built  by  the  Eockwell  Engi- 
neering Company,  of  Xew  York,  for  the  purpose  of  heating  the 
jackets  and  hoops  before  their  shrinking  on  the  field  guns.  This 
furnace  is  built  in  a  cemented  pit  fifteen  feet  deep  below  floor 
level,  leaving  eighteen  feet  above  the  floor;  the  outside  diameter 
of  shell  is  12  feet  by  %  of  an  inch  thick.  It  is  fired  by  means  of 
several  oil  burners  usine  kerosene  as  fuel,  which  furnishes  the 

*  Presented  at  the  Saratoga  meeting  (June,  19'^3)  of  the  American  Society 
of  MecLanical  Engineers,  and  forming  part  of  yoiiime  XXIV.  of  ilie  Trans- 
actions. 
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desired  range  of  temperature  variable  at  will  from  800  to  1,400 
degrees  Fahr.'^' 

The  demand  for  sea-coast  guns  of  large  calibres  necessitated 
the  erection  of  a  shop  exclusively  for  this  purpose.  A  slioj) 
1,000  feet  in  length  was  built;  the  north  wing  with  the  central 
section  being  GOO  feet  by  130  feet  wide,  completed  and  in  pro- 
ductive order  in  1890;  the  south  wing  400  feet  by  150  feet  wide 
assumed  its  activity  in  1895. 

3.  The  sea-coast  gun  shop  is  equipped  with  about  forty  gun 
lathes,  classified  as  gun  lathes,  jacket  and  hoop  lathes,  which  are 
capable  of  handling  guns  up  to  sixteen  inches  in  calibre.  Of 
the  lathes  four  have  a  capacity  to  take  in  assembled  16-inch 
guns. 

All  boring,  reaming,  turning,  and  facing  operations  of  the 
tubes,  jackets,  large  hoops  and  the  assembled  guns  are  performed 
in  these  lathes;  short  hoops  are  usuall}^  turned,  bored  and  faced 
in  regular  boring  and  turning  mills  or  in  cylinder  boring  ma- 
chines. In  addition  to  the  above-named  tools,  special  machines 
are  also  available  for  the  principal  remaining  operations  on  the 
gun,  such  as  rifling  the  bore,  threading  and  slotting  the  breecli. 

A  large  number  of  modern  standard  machine  tools  are  used  for 
the  making  of  the  breech  mechanisms  which  are  fitted  to  each 
gun.  The  metal  employed  in  gun  construction  is  low  carbon 
steel,  melted  by  the  open  hearth  process  and  cast  into  suit- 
able ingots  at  the  works  of  the  manufacturers.  The  forgings 
as  received  at  the  army  gun  factory  are  tempered,  annealed, 
and  rough-machined  all  over.  Approximately  twenty  per  cent, 
to  twenty-live  per  cent,  of  metal  is  I'emoved  by  the  various  tools 
and  appliances  at  the  gun  shop  for  producing  the  finished  guns. 

4.  Of  the  five  overhead  travelling  cranes  in  the  shop,  the 
largest  has  a  capacity  of  130  tons.  It  is  the  usual  practice  to 
convey  material  and  assembled  guns  exceeding  five  tons  in  weight 
by  these  cranes  and  transport  lighter  pieces  by  means  of  shop 
trucks  and  the  hoisting  facilities  in  the  side  aisles. 

The  central  section  contains,  besides  the  steam  and  electric 
plant,  a  shrinkage  pit  excavated  in  the  solid  rock.  The  pit  is 
provided  with  two  furnaces,  operated  by  oil  and  high  pressure 
steam,  for  heating  the  parts  or  hoops  before  uniting  to  form  the 

*  The  temperature  can  either  be  kept  constant  throughout  the  entire  height 
of  the  furnace  or  be  varied  to  the  extent  of  100  degrees  Fahr.,  the  higher  tem- 
perature either  being  at  top  or  bottom  of  the  furnace. 
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^vhole,  built  u])  or  l]00])etl  gun.  In  the  central  section  is  also 
located  the  tool  room,  where  the  most  accurate  gauges,  jigs  and 
tools  usetl  for  the  various  operations  are  niiule.  An  assortment 
of  tools  is  also  kept  in  this  room  conveniently  arrange<l  with 
regard  to  the  frequency  of  their  use. 

Opposite  the  tool  room,  on  the  other  side  of  the  shop,  arc  the 
smith  fires,  all  smith  work  being  under  the  direction  of  the 
master  mechanic,  except  the  tool-dressers,  who  are  under  the 
immeiliate  supervision  of  the  foreman  of  the  tool  room. 

5.  In  the  central  section  of  the  sea-coast  gun  shop,  south  of 
the  steam  and  electric  plant,  is  a  department  provided  with  a 
transfer  comparator,  designed  for  laying  off  the  distances  defined 
on  a  line  standard  bar,  establishing  definite  distances  between 
or  over  the  ends  of  contact  ])oints  for  the  adjustment  of  end 
measures,  either  for  interior  gauge  rods  and  measures  or  for 
exterior  diameter  calipers.  Its  capacity  is  from  zero  to  seventy 
inches  for  gauge  rods,  and  five  to  seventy-five  inches  for  exterior 
calipers.  (This  machine  was  manufactured  at  Watertown  Arsenal, 
Massachusetts.) 

Outside  and  in  front  of  this  latter  department  will  be  seen  the 
so-called  star  gauge  instruments  used  for  the  control  measuring 
of  the  bore  in  the  guns.  Its  operation  is  based  on  the  principles 
of  four  micrometers,  placed  radially  in  a  star-shaped  body 
attached  to  a  long  tube. 

0.  The  management  of  the  arm}'  gun  factory  is  under  the 
direct  supervision  of  a  commanding  army  officer,  who  is  held 
responsible  for  the  general  administration  and  all  work  done  in 
the  shops. 

The  master  mechanic,  who  is  a  civiKan,  is  under  the  immediate 
supervision  and  direction  of  the  commanding  officer.  res]:)onsible 
for  the  condition  of  the  power  plant,  consumption  of  fuel  and 
oil,  lighting  and  heating,  installations,  proper  use  of  machine 
tools  and  appliances.  The  designing  of  machines  and  tools  and 
determining  the  best  method  of  using  the  same  are  also  part  of 
his  dtities.  He  is  also  in  charge  of  all  the  employees  in  the  gun 
shops  and  all  construction  work  on  guns  of  every  calibre.  The 
work  is  allotted  by  him  to  the  different  foremen,  who  have  their 
separate  machines,  workmen,  and  perform  their  work  in  desig- 
nated parts  of  the  shops. 

7.  The  machinists  and  all  skilled  mechanics  are  employed 
under*  the  system  of  local  civil  service  board,  the  civil  service 
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liLW  l)eing'  carried  out  strictly  witliiii  tlic  j)ruvisi()ns  oi"  tlic  Gov- 
ern inciit  re(]iiireiiients,  thus  iii)[)lying  the  merit  system  to  all 
applicants. 

llecords  are  kept  of  each  employee,  which  are  examined  from 
month  to  month.  This  method  enables  the  board  to  investigate 
the  employees'  standing-  and  eificiency,  also  to  recommend  an 
increase  of  wages  and  ])romotion  to  the  next  higher  class  for 
those  who  have  proved  themselves  worthy. 

The  promotions  are  generally  made  quarterly.  The  machinists 
are  divided  into  four  classes — namely,  the  special  class,  first, 
second  and  third;  their  wages  ranging  from  $2.72  to  $3.28  per 
diem  for  eight  hours  work  per  day,  foremen  not  being  included 
in  these  classes. 

To  each  employee  who  has  served  not  less  than  one  year  is 
granted  fifteen  days  annual  leave  with  pay,  and  all  employees 
are  paid  for  the  general  holidays. 

8.  The  approximate  output  of  the  large  gun  shop  per  year  is 
ten  5-incli,  thirteen  6-inch,  sixteen  10-inch,  sixteen  12-inch  guns 
and  twenty  12-inch  mortar  guns  or  their  equivalent;  and  the 
capacity  of  the  small  shop  about  one  hundred  and  seventy-five 
field  guns^  ten  5-inch  siege  guns,  eleven  Y-inch  mortars,  and  ten 
7-inch  howitzers,  thus  aggregating  a  total  of  two  hundred  and 
eightj^-one  guns  per  3^ear.  The  above  figures  are  based  on 
working  one  shift  of  eight  hours  per  day. 
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Xo.  ONI.* 

TEST  OF  A    IIVDRAULIC  ELEVATOR   SYSTEM. 

KKC.INAM)  PEMIAM    BOLTON,    NKW   YOllK   CITY. 

(Member  of  the  Society.) 

1.  The  contractors  for  the  installation  of  33  hydraulic  eleva- 
tors in  the  ne\v  department  store  of  R.  H.  Macy  &  Co.  gave 
a  guarantee  that  the  cost  of  fuel  for  its  operation  should  not 
exceed  G  cents  per  mile  of  car  travel,  coupling  with  this  the  stipu- 
lation that  the  water  should  be  pumped  by  3-th row  crank  and 
flywheel  compound  ])U]nping  engines,  and  that  the  boiler  used 
shouUl  afford  an  evaporation  of  10  pounds  of  water  per  pound  of 
coal,  and,  finally,  that  the  coal  to  be  used  should  not  exceed  in 
cost  $4.00  per  ton. 

In  letting  contracts  for  pumps  and  boilers  these  conditions 
were  followed,  and  guarantees  exacted  from  the  respective  manu- 
facturers. In  the  case  of  the  pumps,  a  guarantee  of  steam  con- 
sumption not  exceeding  25  pounds  of  steam  per  indicated  horse- 
power was  procured,  and  the  boilers  were  guaranteed  to  afford 
an  efficiency  of  70  per  cent. 

2.  On  March  15, 1903,  the  writer  conducted  a  test  of  the  com- 
bined apparatus,  which,  being  carried  out  without  any  of  the 
interferences  which  have  been  encountered  in  other  tests  of  eleva- 
tors, with  a  complete  elimination  of  other  apparatus,  and  at  a 
time  Avhen  the  uninterrupted  use  of  the  necessary  cars  was  at 
disposal,  is  of  so  complete,  as  well  as  satisfactory,  a  nature  as 
to  warrant  the  attention  of  the  members  of  the  Society. 

3.  The  elevators  are  large  passenger  cars  of  a  full  carrying 
capacity  of  3,000  pounds,  at  a  speed  of  300  feet  per  minute,  oper- 
ating from  the  basement  floor  to  the  8th,  9th  and  10th  floor 
levels. 

They  were  constructed  by  the  Mc Adams  &  Cartwright  Eleva- 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  tlio  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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tor  Co.  of  jS'ew  York,  and  are  provided  with  that  company's 
hand-lever  controls,  are  counterweighted  to  650  pounds  unbal- 
anced weight,  and  are  provided  with  slack  chains  counterweiglit- 
ing  the  cables,  which  chains  are  attached  to  the  car  and  tlie 
counterweight,  giving  a  very  accurate  average  weight  of  rope. 

They  are  operated  by  vertical  hydraulic  cylinders  15  inches 
diameter,  geared  4  to  1,  and  provided  with  pilot  valves  using 
2  gallons  of  water  to  each  complete  reversal. 

The  working  pressure  is  140  pounds  per  square  inch. 

4.  Those  selected  for  the  test  are  known  as  N"os.  1,  2,  3  and  4, 
being  a  bank  of  passenger  cars  in  the  southeast  portion  of  the 
building,  having  a  round-trip  travel  of  292.5  feet  net  per  car, 
and  Nos.  5  to  10  inclusive,  being  the  passenger  bank  on  the  west 
end  of  the  store,  having  a  round-trip  travel  of  324.5  feet  net  per 
car. 

Each  car  was  loaded  with  a  weighed  live  load  of  1,000  pounds 
inclusive  of  the  operator,  which  was  taken  to  represent  an  aver- 
age load  in  cars  of  their  proportions,  and  afforded  a  rate  of  down- 
travel  uniform  with  that  of  the  up-run. 

These  elevators  were  selected  as  being  those  representing  the 
average  distance  of  cylinders  from  the  pressure  drums,  so  that 
the  frictional  hydraulic  resistance  is  representative  of  average 
working  conditions  of  the  whole  plant. 

The  cars  were  run  on  a  schedule  from  bottom  to  top  of  travel 
and  at  such  a  number  of  trips  as  to  reach  as  nearly  as  practicable 
a  total  travel  of  30  miles  per  hour,  which  travel  utilized  the  full 
and  reasonably  regular  capacity  of  one  of  the  two  main  pumps, 
which  is  the  normal  condition  of  the  regular  service  of  the 
building. 

5.  The  pumps  are  two  in  number,  and  are  duplicates.  They 
arc  the  high-duty  type  manufactured  by  the  Laidlaw-Dunn- 
Gordon  Company  of  Cincinnati,  having  a  horizontal  high -press- 
ure cylinder  22^  inches  diameter,  set  between  two  low-pressure 
cylinders,  each  28  inches  diameter,  all  24  inches  stroke,  each 
operating  a  crank  on  the  crank- shaft  by  rocking  levers,  and  con- 
nected to  three  water  pumps,  each  14f  inches  diameter  by  24 
inches  stroke. 

During  the  trial  the  pumps  were  interchanged  so  that  l;he 
result  shows  the  average  of  their  respective  conditions.  This 
was  somewhat  to  their  disadvantage,  as  No.  2  had  a  defective 
water- valve. 
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0.  The  steam  cylinders  have  Corliss  valves,  and  the  high- 
pressure  steam  supply  is  automatically  controlled  by  the  rising 
pressure  in  the  pressure  drums.  There  is  a  re-heater  between 
the  high-pressure  exhaust  and  low-pressure  intake,  the  steam  for 
which  is  charged  in  as  part  of  the  work,  its  condensation  being 
run  to  waste  during  the  trial. 

The  low-pressure  cylinders  exhaust  into  the  general  exhaust 
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Cotton  R.P. 


Xo.  1  Pump. 
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2s  0. 1  Pump. 
Fig.  147. 
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system,  which,  during  winter,  is  taken  up  entirely  in  house- 
heating  work,  but  at  the  time  of  the  trial  was  freely  exhausted 
to  the  atmosphere  through  the  20-inch  exhaust  main  about  380 
feet  in  length. 

Indicator  cards  were  taken  at  regular  intervals  of  15  minutes. 
A  sample  set  of  cards  from  each  engine  is  appended. 

7.  The  boiler  was  of  the  water-tube  type  with  forged  steel 
headers,  constructed  by  the  Babcock  &  ^7ilcox  Co.  of  Xew 
York,  and  is  of  293  rated  horse-power.     In  the  result  it  proved 
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to  bo  ill  oxcoss  of  stoam  ro(|uiroiiioiits,  being  operated  below  its 
rating,  at  an  output  of  i}r>5  horse-power,  or  89  per  cent.  It  has 
140  18-foot  tubes  4  inches  diaineter,  arranged  14  tubes  wide  by  10 
tubes  high,  and  has  2  drums,  each  36  inches  diameter  by  22  feet 
3J  inches  long.  It  is  set  in  a  separate  setting,  and  is  connected 
to  tlie  end  of  the  smoke  breeching  of  the  south  battery,  which 
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No.  2  Pump. 
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Ko.  2  Pump. 
Fig.  148. 
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is  about  220  feet  in  length  and  connects  to  a  10-foot  stack  185 
feet  in  height  above  grate-bars. 

8.  The  furnace  system  is  that  of  the  Parson  Manufacturing 
Company  of  New  York,  consisting  of  a  grate  of  59.5  square  feet 
area,  composed  of  cast-iron  bars  1^  inches  thick,  with  circular 
coned  air  openings,  the  area  of  which  on  the  fire  surface  aggre- 
gates only  about  8  per  cent,  of  its  total  area.  Air  is  supplied 
under  pressure,  in  a  closed  ash-pit,  by  two  special  steam  jet 
blowers  at  the  side  of  the  setting.  For  the  purpose  of  this  test 
the  steam  supply  to  these  blowers  was  taken  from  another  boiler, 
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but  tlic  control  of  the  l)l()\v('rs  was  rlfccted  by  an  iiutoinatic 
ro^j^ulatoi",  the  ojxM-alion  of  which  was  varied  by  the  steam  press- 
ure of  the  boiler  under  test. 

The  amount  of  steam  used  by  the  jets  was  measured  by  an 
a])|)aratus  suggested  by  Mr.  llosca  Webster,  M.  E.,  consisting 
of  a  steam  supply  taken  throuoh  a  perforation  of  known  size 
inserted  in  the  supply  pipe,  with  a  pressure  gauge  on  each  side. 
Readings  being  taken  therefrom,  a  separate  blower-nozzle  was 
connected  by  a  hose,  and  being  placed  in  a  tub  of  water,  the 
steam  condensed  bv  its  use  for  a  <j^iven  time  was  weighed. 

9.  The  arrangements  for  the  test  were  laid  down  beforeliand 
by  the  writer,  and  the  rather  numerous  observers  assigned  to 
their  duties,  in  a  memorandum  to  which  the  representatives  of 
all  interested  parties  agreed,  and  in  w^hich  the  results  to  be  sought 
w^ere  also  stated. 

A  preliminary  run  was  also  made  on  the  11th  of  March,  for 
two  hours,  in  order  to  ascertain  that  all  apparatus  was  in  order, 
and  to  accustom  the  observers  to  their  duties. 

The  general  arrangements  for  the  test  comprised  a  separate 
feed-pump  supplying  the  boiler  under  test,  the  pump  being  sup- 
plied with  steam  from  another  source,  and  being  supplied  with 
w^ater  w^eighed  in  the  usual  manner. 

The  feed  was  passed  through  a  superheater  or  economizer  on 
Kieley  &  Mueller's  system,  wiiich  consists  of  a  single  large  pipe 
extending  through  the  upper  part  of  the  smoke  breeching.  The 
feed  was  confined  entirelv  to  the  boiler  under  test. 

The  steam  from  the  boiler  was  conducted  by  a  separate  supply 
main  only  to  the  pump  under  operation.  This  main  was  dripped 
at  its  end,  and  a  drip  w^as  also  led  from  a  Kieley  steam  separator 
placed  over  the  stop-valve  of  each  of  the  pumps.  These  drips 
were  provided  with  separate  bucket-traps  discharging  through 
a  cooling  coil  into  a  tub  on  a  w^eighing  scale.  The  pump  was 
charged  with  all  the  feed-water  pumped  to  the  boiler,  less  the 
amount  of  drips  thus  weighed  back. 

Steam  was  tested  for  contained  moisture  at  the  boiler  outlet. 

The  fuel  used  was  an  excellent  grade  of  anthracite  of  buck- 
wheat size,  commonly  known  as  Xo.  2,  and  cost,  delivered  into 
the  bunker,  $2.55  per  gross  ton  of  2,21:0  pounds. 

The  test,  as  it  related  to  the  boiler,  was  conducted  under  the 
conditions  established  by  this  Society,  the  start  and  stop  being 
made  on  the  *'  alternate  "  method. 
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10.  The  observations  recorded  are  shown  in  accompanying 
tabulation. 


Summary  op  Readings  Taken  during  Test  op  Elevatous,  Pump,  Boiler 
AND  Furnace  System  at  R.  H.  Macy  &  Co.'b  Building,  New  York 
City,  March  15,  1903. 


Time. 

Feet 

travelled  by 

cars  i)er 

hour. 

Pump  revolu- 
tions j)er  hour 
(.52.758  jrallons 
per  revolution). 

Net  steam 

to  pump 

(lbs.). 

Water  to 

boiler 
per  hour 

(lbs.). 

Coal 

consumed 

(lbs.). 

Ash. 

Com- 
bu.stible. 

9.30 

10.30 

11.30 

12.30 

1.30 

2.30 

3.30 

4.30 

5.30 

6.30 

165,982.5 
161,490.0 
161,586.0 
166,357.5 
167,139.0 
164,991.0 
168,108.0 
164,602.5 
167,427.0 
168,400.5 

1,656,084.0 
165,608.4 

3,630 
3,570 
3,218 
3,655 
3,645 
•3,590 
3,715 
3,518 
3,630 
3,658 

6,651.5 

7,507.5 
7,277.0 
8,285.0 
6.453.5 
7,145.5 
7,875.0 
6,844.0 
6,707.5 
7,874.0 

6.778 
7,628 
7,613 
8,478 
6,612 
7,290 
7,977 
7,037 
6,886 
8,043 

'4,691 
4,749 

567 
'467 

4i,b23.6i 

*4,'l80.37 

Totals .... 
Averages. 

35,824 
3,582.4 

73,6-20  5 
7,262.05 

74,342 
7,434.2 

9,440 
944 

1.034 
103.4 

8,203.98 
820.39 

Average  flue  temperature Degrees  Falir.  413 .  55 

"        feed- water  temperature "          "  75.18 

"        steam  pressure Pounds  132.2 

' '        pressure  in  ash-pit Inches  .  60 

"         draught  in  furnace "  .19 

'*.                "          flue  (outside  damper) "  .40 

"                "       "     (inside  damper) "  .225 

B.  T.  U.  per  pound  coal 13,138 

Moisture  in  coal Per  cent.  2. 14 

"        "steam Of  one  per  cent.  .22 

Steam  used  in  jets  per  hour Pounds  565 . 8 


The  net  results  demonstrated  the  following  facts  : 

Per  car  mile,  fuel 32 .  32  lbs. 

"      "       "     steam 231.5       " 

"      "      "     water  pumped 6,025.     gals. 

Live  load  actually  lifted,  per  car  mile 2,640,000  foot-lbs. 

Live  load  actually  travelled,  per  car  mile 5,280,000       " 

Live  load  lifted  per  pound  of  fuel     81,370       " 

'  Pump. 

Steam  per  indicated  horse-power  per  hour 7 24.717  lbs. 

Steam  per  water  horse-power  per  hour    29.094    " 

Water  pumped  per  pound  of  fuel 186 .39  gals. 
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Piping. 

Losses  by  condensation,  per  cent,  of  steam  delivered  from 

th6  boiler 2 .  3G 

Boiler. 

Steam  quality,  contained  moisture,  of  one  per  cent .22 

Direct  evaporation  per  pound  of  coal,  from  feed  at  average  of 

75 .  18 degrees  Fahr 8.04  lbs. 

Evaporation  from  and  at  212  degrees  Fahr.,  per  pound  dry 

coal 9.5G      " 

Evaporation  from  and  at  212  degrees  Fahr.,  per  pound  of  com- 
bustible material 10 .  77     " 

Grate  System. 

Fuel  burned  per  square  foot  per  hour 15 .  86  lbs. 

Steam  used  to  operate  blowers  per  hour 505 .8       " 

Equivalent  coal  at  evaporation  of  8 .  04 •  70 .         " 

Coal.  • 

Thermal  value.     Heat  units     13,138 

Moisture,  per  cent,  of  total  weight  2.14 

Ash  and  clinker,  per  cent,  of  total  weight 10 .  95 

From  the  above  are  worked  out  the  follomng  results  of  efficiency  of  each  part 
of  the  apparatus  in  terms  of  the  heat  units  contained  in  the  fuel. 

Efficiencies. 

Coal,  per  cent,  of  perfect  combustibility 86 .  91 

Furnace,  per  cent,  of  heat  received  and  liberated  under  the 

boiler 92 .  59 

Boiler,  per  cent,  of  heat  liberated,  absorbed  and  delivered  as 

steam,  or  efficiency    70 .  27 

Piping,  per  cent,  of  heat  received  from  the  boiler  and  delivered 

to  the  cylinder 97 .  69 

Pump  cylinder,  per  cent,  of  heat  received  and  turned  into  me- 
chanical work 8 .  647 

Pumping  engine,  per  cent,  of  heat  in   piston  work  turned  into 

water  pumped 84 .  95 

Elevator  system,  per  cent,  of  work  received  in  water  pumped, 
represented  by 

1.  The  average  live  load  raised 15.61 

2.  The  maximum  live  load  raised 46 .  83 

11.  As  the  operation  of  the  system  involves  the  lifting  of  a 
greater  weight  than  the  load  lifted  in  order  to  return  the  said 
load  to  the  ground,  which  process  is  a  part  of  the  desired  results? 
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it  is  ])roper  to  state  the  effective  results  of  the  system  in  terms 
of  the  above  loads  travelled,  when  the  respective  efficiencies  of 
the  elevator  system  as  stated  above  are  doubled ; 

or  (1)  The  average  live  load  travelled     31 .22 

(2)  The  maximum  live  load  travelled 93 .  66 

Efficiency  of  the  Combined  System  of  Apparatus,  Furnace  to  Load 

Per  cent,  of  heat  in  the  fuel  represented  by  the  average  live 

load  travelled 1.6 

The  same  by  the  maximum  load  travelled 4.8 

DISCUSSION. 

Mr.  George  Hill. — This  paper  records  an  elevator  test  in- 
tended primarily  to  determine  whether  or  not  the  elevators  com- 
plied with  a  certain  guarantee. 

The  author  was  given  an  opportunity  to  ascertain  something 
which  would  have  been  of  great  value  to  himself  and  to  other 
engineers,  which  opportunity  was  not  availed  of. 

I  refer  to  the  opportunity  to  ascertain  definitely  the  difference 
in  operating  economy  between  elevators  run  under  test  conditions 
and  those  run  under  normal  condition  of  service.  That  such  a 
difference  exists  is  a  perfectly  logical  conclusion,  from  the  known 
difference  which  exists  in  almost  every  other  form  of  plant. 

In  this  case  the  author  states  that  the  valves  use  a  certain 
amount  of  water  on  reversal,  wiiich  does  not  represent  useful 
work  performed.  The  amount  of  waste  from  this  cause  was 
reduced  apparently  to  a  minimum. 

All  of  the  conditions  of  the  test  were  arranged  to  give  the 
highest  possible  efficiency,  and  it  would  be  of  value  to  know 
how  the  efficiency  fell  off  under  working  conditions. 

As  it  stands  the  client  will  suppose  that  his  elevators  are  cost- 
ing him  a  certain  amount,  which  he  can  determine  by  measuring 
the  car  miles- and  multiplying  it  by  6  and  a  fraction  cents,  which 
is  unquestionably  a  grave  error. 

The  author  determined  a  number  of  values  which  give  the 
paper  a  serious  appearance,  but  which  unfortunately  have  no 
bearing  whatever  on  the  avowed  purpose  of  the  test,  and  are  of 
no  practical  value  in  determining  what  might  be  called  the  com- 
mercial efficiency  of  the  plant. 

While  he  apparently  gives  a  great  deal  of  data  in  regard  to 
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the  ])l;\nt,  tlu^  most  iiii])ortant  information  is  omittod — tliat  is, 
the  size  of  tlio  ])rossiiro  and  discliai'gc  tanks  wliicli  a])solut('lv  de- 
termine tlie  ability  of  the  ])um|)s  to  work  at  a  uniform  sj)eed 
under  ordinary  workin<^  conditions. 

I  should  criticise  his  failure  to  charge  the  steam  used  in  the 
jets  to  the  steam  consumption  of  the  plant,  as  it  seems  to  me  it 
ought  to  be  charged  against  the  efficiency  of  the  boiler. 

I  would  also  criticise  the  failure  to  specifically  state  the  con- 
clusions reached  by  him  from  the  test.  Aj)])arently  the  boilers 
failed  to  com])ly  with  the  conditions  of  the  guarantee,  the  pumps 
did  compl}"  with  the  conditions,  and  the  elevators  did  not. 

Mr.  R.  L.  GlfforJ. — The  fuel  cost  of  operation  of  hydraulic 
elevators  is  usually  the  most  diflRcult  item  to  separate  from  the 
total  operative  cost  of  large  building  ])lants,  as  the  regularity  of 
the  service  must  be  maintained,  and  usually  the  elevator  pump 
steam  supply  is  taken  from  a  common  header  supplying  other 
engines  and  pumps. 

The  conditions  of  these  tests  were  favorable  for  accurate  re- 
sults, and  the  paper  is  of  corresponding  value.  The  load  and 
running  conditions  of  the  test  as  Avell  as  the  high  efficiencies  of 
all  parts  of  the  installation,  were  favorable  to  the  best  obtain- 
able economy  for  hydraulic  elevators,  and  for  the  department 
store  service  where  the  elevators  carry  full  loads  all  day  the 
results  obtained  Avill  closely  approach  actual  running  conditions. 
In  actual  running,  however,  the  reversals  due  to  running  past 
floor  landings  at  stops,  and  the  consequent  demand  for  pilot 
valve  water,  would  increase  the  water  consumption  3  per  cent, 
or  4  per  cent. 

For  office  building  service  the  assumption  of  a  constant  live 
load  w^ill  give  a  greater  efficiency  in  live  load  raised  than  actual 
random  loads,  for  the  load  is  extremely  variable,  and  an  up  trip 
with  one  passenger  Avill  call  for  the  same  consumption  of  power 
as  a  loaded  car,  furthermore,  the  variable  load  prevents  as 
accurate  counter  weighting  as  was  i)ossible  in  this  test. 

For  variable  loads  the  electric  elevator  has  the  advantaire  in 
that  consumption  of  current  is  a  direct  ratio  to  load  raised. 

The  fuel  cost  per  car  mile  including  steam  for  jets  is  only  Z-^-^ 
cents,  which  is  about  the  best  economy  obtainable  with  electric 
elevators  of  similar  lifting  ca])acity  and  speed  on  random  loads. 
A  test  recentl}^  made  on  an  electric  installation  of  similar  capac- 
ity showed  a  consumption  for 'motor  and  controller  of  3.S  kilo- 
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watt  liours  per  car  mile,  actual  running  conditions,  or  a  fuel 
cost  of  about  3^  cents  per  car  mile  with  current  costing  1^  cents 
per  kilowatt  hour  at  the  switchboard  (fuel  cost  being  GO  per 
cent,  of  same). 

In  small  plants  Avhere  the  load  is  hooked  on  to  a  central 
station  and  the  current  costs  4  cents  or  5  cents  per  kilowatt 
hour,  the  cost  of  operation  of  an  electric  elevator  is  from  15  to 
20  cents  per  car  mile. 

Steam  elevators  of  equal  capacity  and  speed  as  the  hydraulics 
tested,  use  about  1,000  pounds  of  steam  per  car  mile.  An  actual 
test  under  similar  conditions  to  the  one  under  discussion  gave 
977  pounds  of  steam  per  car  mile,  which,  at  the  same  cost  of 
evaporation  as  in  the  'Macy  plant  (steam  used  by  jets  included), 
would  give  a  fuel  cost  of  about  12^  cents  per  car  mile. 

Only  a  small  per  cent,  of  hydraulic  elevator  plants  are 
equipi3ed  with  the  high  duty  type  of  pumps  used  here,  the  com- 
pound duplex  pump  usually  installed  using  ui)wards  of  80  pounds 
of  steam  per  horse  power  hour,  with  a  corresponding  fuel  cost 
of  four  times  as  much  as  in  the  Macy  plant. 

The  temperature  of  feed  water,  75.18  degrees  Fahr.,  indicates 
that  no  feed  water  heater  was  used,  and  while  the  omission  does 
not  affect  the  boiler  efficiency  results  obtained,  the  fuel  economy 
of  tha  plant  would  of  course  be  improved  by  the  use  of  a  heater. 
In  fact  a  heater  would  be  many  times  as  effective  as  the  econo- 
mizer used,  and  from  the  low  flue  temperature  noted  it  is  safe  to 
conclude  that  the  economizer  reduced  the  draft,  which  was  nat- 
urally so  poor  that  steam  jets  were  installed  to  boost  it. 

On  page  939  in  table  of  boiler  results,  the  steam  used  by  the 
jets  is  charged  against  the  furnace.  For  comparison  of  cost  of 
evaporation  with  other  boiler  plants,  these  results  would  be 
reduced  by  including  the  coal  equivalent  of  the  steam  supplied 
to  the  jets  from  another  boiler  in  addition  to  coal  burned  direct 
on  the  grates.  Taking  this  into  account,  the  results  show  an 
evaporation  from  and  at  212  degrees  Fahr.  of  9.02  pounds  per 
pound  dry  coal,  and  a  coal  efficiency  of  65  per  cent,  for  boiler 
and  grate  combined. 

Mr.  John  B.  Blood. — I  might  bring  forward  a  point  that,  in 
the  case  of  Mr.  Bolton's  maximum  load  travel,  he  has  multiplied 
the  efficiency  by  3  in  each  case,  whereas  if  the  maximum  load 
was  in  the  elevator  and  went  up  and  down  every  time,  the 
amount  of  steam  supplied  to  pump  would  be  increased.     He  has 
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apparently  calculatcxl  the  efficiency  assuming  that  the  steam  in 
the  pump  would  be  the  same  if  the  load  in  the  elevator  was 
increased  to  the  maximum  all  the  time.  As  a  matter  of  fact, 
I  should  think  that  Avhile  the  efficiency  woidd  not  be  thrc*e 
times,  yet  it  probal)ly  wcnild  largely  increase.  I>nt  it  stands  to 
reason  almost  that  the  amount  of  energy  in  the  pumj)  would  ))e 
increased  by  a  maximum  load  being  run  in  the  elevator  all  the 
time  as  against  the  average  load. 

J/;\  Bolton.'^ — Answering  the  remarks  of  the  last  speaker. 
I  would  say  that  in  the  hydraulic  elevator  system  the  carrving 
of  the  maximum  load  in  the  car  does  not  involve  any  increase  in 
the  pressure,  and  that  therefore  it  is  perfectly  correct  to  multi- 
ply the  efficiency  by  3.  Furthermore,  the  point  may  be  brought 
out  here  that  in  testing  or  running  a  heavier  load  the  same  work 
is  done  within  a  given  time.  For  instance,  in  this  case  these 
cars  were  loaded  with  1,00(T  pounds,  including  the  operator. 
That  was  done  in  order  that  the  up  speed  might  be  the  same  as 
that  of  the  travel  of  the  car  back  again.  If  the  cars  had  been 
loaded  with  2,000  pounds  they  would  have  gone  up  slower,  but 
would  have  descended  quicker,  so  that  the  total  car-travel  would 
have  been  the  same.  In  that  respect  the  method  of  loading  for 
the  test  is  correct. 

In  regard  to  ]Mr.  Hill's  communication,  if  he  had  been  in 
charge  of  the  test  it  would  have  been  only  natural,  with  so 
many  interests  around  him,  for  him  to  have  desired  to  see  every 
part  of  the  apparatus  doing  its  best  at  once — the  pumps,  the 
boilers,  and  everything  working  up  to  their  guarantee. 

The  total  cost  per  car  mile  was  SyVo  cents. 

The  test  was  made  on  a  Sundav  mornins:  when  the  store  w^as 
closed,  because  on  a  week  day  a  totally  different  set  of  condi- 
tions would  have  been  present. 

The  pressure  tanks  are  two  in  number,  7  feet  diameter  by  25 
feet  long,  and  are  very  ample  for  the  work.  For  some  years  I 
have  been  insisting  on  larger  pressure  tanks  than  used  to  be  the 
practice. 

The  boiler  contract  was  separate  from  that  of  the  grate 
system,  consequently  the  steam  used  by  the  jets  could  not  in 
this  case  be  charcred  a^rainst  the  efficiencv  of  the  boiler  a^one. 
The  efficiencv  of  the  boiler  is  in  anv  case  better  stated  in  this 


*  Author's  Closure,  under  the  Rules. 
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way,  and  as  it  utilized  70.27  per  cent,  of  the  heat  afforded  to  it 
by  the  grate  system,  it  fully  coinplied  with  the  g-uaraiitee.  The 
efficiency  of  the  grate  and  boiler  combined  was  in  this  case  a 
different  matter. 

Keplying  to  the  communication  of  Mr.  Iloljert  L.  Gifford,  the 
electric  elevator  does  appear  on  the  face  of  things,  to  possess  an 
''advantage  in  that  consumption  of  current  is  a  direct  ratio  to 
the  load  raised."  But  what  such  advocates  of  electric  operation 
cannot  seem  to  grasp  is  that  this  is  discounted  by  the  dispropor- 
tionate cost  of  the  electric  equivalent  of  the  pressure  drum — viz. : 
the  storage  battery,  and  that  when  an  hydraulic  car  is  ascending 
with  a  light  load,  it  does  so  at  a  greater  speed,  and  therefore  in 
schedule  service  the  difference  in  favor  of  the  electric  system  not 
only  disappears  but  becomes  a  large  balance  on  the  other  side. 

The  test  quoted  by  Mr.  Gifford  is  on  the  usual  lines  of  an  as- 
sumption of  fuel  used  for  a  kilo^^^att  hour.  It  would  be  an 
advantage  if  a  test  could  be  conducted  of  a  positive  nature  with 
a  weighed  load  such  as  that  which  I  have  recorded.  I  con- 
ducted a  test  on  electric  elevators  some  years  ago  and  found 
that  the  fuel  cost  with  a  light  random  load  exceeded  4  cents  per 
mile. 

There  is,  of  course,  a  feed  heater  in  the  plant,  but  being  of 
the  open  type,  it  was  necessarily  cut  out  of  the  test.  Its  absence 
does  not  affect  the  results  recorded.  The  normal  feed  tempera- 
ture is  from  180  degrees  upward.  The  flue  temperature  at  the 
boiler  tested  could  not  hav^e  been  reduced  by  the  economizer, 
and  the  natural  draft  was  that  due  to  the  use  at  the  time  of 
only  three  boilers  out  of  the  battery.  The  point  which  seems 
to  have  escaped  the  writers  of  both  criticisms  is  that  the  blower 
system  enabled  a  cheaper  grade  of  fuel  to  be  used  than  with 
natural  draft. 

I  am  confirmed  in  the  statement,  by  the  opinion  of  the  lead- 
ing elevator  engineers,  that  the  test  recorded  is  the  only  clean 
and  positive  record  on  elevator  work,  and  forms  a  basis  on  which 
direct  comparisons  can  be  made  with  future  tests. 
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A   RATIONAL   TRAIN  RESISTANCE  FORMULA.\ 

BY  JOnK  BALCH  BLOOD,  BOSTON,  MASS. 

(Associate  Member  of  the  Societj'.) 

1.  In  the  early  days  of  train  resistance  formulae,  when  speeds 
were  not  high,  the  f  rictional  resistance  of  track  and  journals  was 
a  considerable  factor  in  the  total  resistance.  Again,  the  head 
resistance  was  charged  up  to  the  locomotive,  without  a  formula, 
and  train  resistance  meant  the  pull  on  the  engine  drawbar. 

These  facts,  together  with  the  fact  that  the  criteria  of  indus- 
trial competition  were  loosely  drawn,  made  a  simple  formula  the 
desideratum,  and  we  see  as  a  result  formulae  of  many  varieties 
containing-  a  sino^le  variable. 

These  served  their  purpose  at  the  time,  but  time  and  advancing 
knowledge  showed  their  inadquacy  both  as  to  absolute  results 
and  functionally.  The  immediate  needs  were  supplied  by  sets 
of  formulae  with  different  coefficients  and  variables,  each  good 
only  for  a  certain  range. 

The  original  single  variable  formulae  were  of  two  kinds,  as 
follows  : 

^  =  .1  +  EX (1) 

R  =  A  +  CM' (2) 

Where  R  =  train  resistance  in  lbs.  per  ton, 
M  =  speed  of  train, 
A,  E,  and  C  =  coefficients. 

2.  The  development  from  these  formulae  showed  a  desire  for 
a  rational  formula,  the  elements  of  which  would  represent  dis- 

*  Presented  at  the  Saratoga  meetine:  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV,  of  the  Trans- 
actions. 

t  For  further  references  on  this  subject  see  Transactions  as  follows: 
No.  924,  vol.  xxiii.,  p.  269:  "Cost  of  Running  Trains  at  High  Speed."     F.  R. 
Button. 
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tinct  parts  of  the  resistance  recognizable  and  measurable.  Ex- 
periments and  the  gradually  increasing  train  speeds  began  to 
indicate  the  different  elemeuts  of  resistance,  although  the  func- 
tion and  absolute  value  of  each  was  not  obtained. 

The  higher  normal  train  speeds  brought  out  the  fact  that  a 
factor  of  the  resistance  was  the  air  friction,  and  that  it  certainly 
varied  as  a  function  of  the  speed  greater  than  unity,  and  in  all 
probability  as  the  square. 

3.  In  1885,  tlie  Eastern  Hallway  of  France  made  some  very 
extensive  experiments,  and  gave  as  their  results  a  set  of  formulae 
of  a  rational  type,  using  different  coefficients  for  different  ranges 
of  speed.     Their  formula  was  of  the  tyi^e 

F  =  {A  +  hM)  T  +  CQM'  ....    (3) 

Where  P  =  total  pull  or  horizontal  effort, 
M  =  speed, 
T  =  weight  of  train, 
Q  =  cross  section  of  train, 
A,  B,  and  O  =  coefficients. 

This  reduces  for  comparison  with  other  formula)  to 

B=:A  +  B3f+  ^^       (4) 

It  will  be  noted  that  for  trains  with  a  speed  of  12-32  kilometres 
per  hour,  these  engineers  left  off  the  last  term  having  the  speed 
factor  as  the  square,  leaving  a  formula  of  the  form  (1), 

This  foriuula  (4)  is  interesting  from  a  rational  standpoint. 
First,  it  has  two  terms  with  variables;  one  as  the  first  power  of 
the  velocity,  and  one  as  the  second  power  of  the  velocit3^  Sec- 
ond, the  second  power  factor  has  a  component,  the  cross- section 
of  the  train.  This  would  show  that  this  factor  was  to  give  the 
air  resistance,  and  would  show  that  they  appreciated  that  there 
was  another  part  of  the  resistance  that  was  not  constant,  and 
yet  it  did  not  vary  as  the  square. 

4.  Their  set  of  formulas,  instead  of  a  single  formula,  showed 
that  their  variables  were  not  functionall}^  correct,  and  must  be 
modified  by  variation  of  the  coefficients. 

The  set  of  formulae  as  given  by  them  is  as  follows  : 

(a)  Forireight  trains  speeds  12-32  km.  per  hour. 
W  =  (1.65  +  0.05  v)  Q. 
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(b)  For  passenger  trains  speeds  32-50  km.  per  hour. 

ir=  (1.8  +  O.OS  v)  Q  +  .009  Av\ 

(c)  For  passenger  trains  speeds  50-05  km.  per  hour. 

ir=  (1.8  +  0.08  v)  Q  -^  .OOG  Av\ 

(d)  For  express  trains  speeds  70-80  km.  per  liour. 

]r=  (1.8  +  0.14  v)Q  ■\-  .004  Av\ 

Where  W  =  resistance  of  train  in  kilograms, 

Q  —  weight  of  train  in  tonnes  of  1000  kg., 
[/  =  speed  in  km.  per  hour, 
A  =  cross  section  of  trains  (5  qm.). 

These  formulas  were  very  accurately  constructed  from  careful 
and  exhaustive  experiments,  and  the  variation  in  the  coefficients 
will  serve  to  indicate  the  functional  inadequacy  of  the  variables. 

There  are  four  points  to  be  observed  in  the  variation  of  these 
coefficients.  First,  that  the  factor  independent  of  the  speed  was 
apparently  constant  at  all  speeds.  The  deviation  from  this  in 
case  of  freight  trains  could  probably  be  accounted  for  by  the 
construction  of  the  car  or  the  relative  weight  of  load  per  axle. 
Second,  it  will  be  seen  that  the  coefficient  of  the  first  power 
factor  is  increased  as  the  speed  increases.  Third,  that  the 
coefficient  of  the  second  power  term  is  decreased  with  increased 
velocity.  And  fourth,  that  the  second  power  term  is  eliminated 
from  the  low-speed  formula. 

5.  From  these  observations  we  would  draw  the  following  con- 
clusions :  that  there  is  a  portion  of  the  train  resistance  that  is 
independent  of  the  velocity;  that  the  air  friction  factor  has 
little  or  no  influence  below  32  kilometres.  These  seem  to  be 
clear. 

The  increasing  of  the  coefficient  of  the  first  power  term  and 
the  decreasing  of  the  coefficient  of  the  second  power  term  indi 
cate  an  empirical  attempt  to  adjust  the  coefficient  to  take  care  of 
improper  functional  value  of  the  variables. 

We  find  a  single  variable  formula  with  first  power  factor  gives 
too  small  results  for  high  speeds  if  it  is  correct  for  low  speeds. 
We  find,  also,  that  a  single  variable  formula  with  a  second  power 
factor  gives  too  high  results  at  high  speeds  if  it  is  correct  at  low 
speeds.  This  would  seem  reasonable,  as  it  is  apparent  that  there 
are  at  least  three  forms  of  friction — plain  sliding  friction,  which 
is  independent  of  the  speed ;  rolling  friction,  which  varies  directly 
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as  tlio  s[)ee(l;  and  fluid  friction,  which,  in  case  of  air,  would  vary 
theoretically  as  the  second  power  of  the  speed. 

G.  It  seems,  then,  perfectly  reasonable  that  a  rational  formula 
should  have  these  three  terms.  Experience  shows  that  while 
a  formula  having  three  terms  of  zero,  first  and  second  power 
variables,  respectively,  will  give  accurate  results  for  a  wider 
range  than  either  of  the  single  variable  formulae,  it  in  com- 
mon, with  the  second  power  single  variable  formula  gives  too 
large  results  at  high  speeds,  if  it  is  correct  at  the  lower  speeds. 

This  is  apparently  what  the  engineers  of  the  Eastern  Railway 
of  France  found,  and  they  tried  to  counteract  this  by  reducing 
the  effect  of  the  second  power  at  higher  speeds  by  reducing  the 
coefficient,  and  by  increasing  the  effect  of  the  first  power  term 
at  higher  speeds  by  increasing  its  coefficient.  It  would  seem 
that  the  increase  of  the  relative  moment  of  the  first  power  term 
at  high  speeds  was  palliative  only,  rather  than  that  the  rolling 
friction  did  increase  in  greater  ratio  than  the  first  powder. 

The  conclusion  to  draw  from  the  above  is,  that  the  third  term 
of  the  equation  should  have  an  exponent  greater  than  one  and 
less  than  two. 

7.  In  March,  1899,  I  presented  in  the  Street  Railway  Journal 
a  rational  formula  with  a  third  term  having  an  exponent  of  1.8, 
giving  reasons  somewhat  as  above  to  substantiate  its  reliability. 
The  formula  expressed  in  the  same  terms  as  above  was: 

Jf].8 

i?  =  4:  +  .15  7¥  +  .3  -^ (5) 

Mr.  W.  J.  Davis  gives  a  formula  which  gives  very  accurate 
results  below  40  or  50  miles,  but  it  is  generally  acknowledged 
that  it  gives  too  high  results  at  higher  speeds.     The  formula  is  : 

^  =  6  +  .13  il/  +  .35  -^  [1  +  .1  (i\^-l)]     .     .     (6) 

Mr.  Davis  gives  different  coefficients  for  different  sizes  of  cars, 
but  does  not  vary  them  for  the  speed.  The  large  cars  would 
naturally  be  used  at  the  higher  speeds,  so  that  the  coefficients, 
if  adjusted  to  the  higher  part  of  the  curve  for  the  larger  cars, 
would  give  a  series  of  curves  with  better  total  results,  but  would 
not  be  any  more  functionally  correct  than  the  French  formulae. 

8.  There  is  a  point  in  rational  formulae  which  is  very  impor- 
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tant;  namely,  that  tlie  terms  for  liead  ami  stern  resistance  have 
in  the  denominator  a  factor  ])ro[)ortional  to  the  len<^th  or  wei/^ht 
of  the  train.  This  appears  in  many  formulae,  and  is  reasonable 
when  it  is  considered  that  the  head  and  stern  resistance  would 
be  independent  of  the  len^^^th  of  the  train,  and  therefore,  when 
expressed  in  pounds  per  ton,  w^ould  be  inversely  proportional  to 
the  weight  or  length.  In  most  formulae  the  weight  is  used 
rather  than  the  length. 

This  would  give  as  a  principle  that  the  head  and  stern  resist- 
ance, which  varies  as  a  power  of  the  speed  between  one  and  two, 
should  have  a  weight  factor  in  the  denominator. 

It  has  been  found  by  experiment  that  the  air  resistance  on  the 
sides  of  the  cars  varies  as  power  of  the  speed  higher  than  the 
first.  It  is  evident  that  this  factor  of  total  resistance  should  be 
proportional  to  the  length  or  weight  of  the  train,  and  therefore 
in  our  form  of  formula  wouki  have  no  weight  factor  in  the  de- 
nominator. 

The  head  and  stern  resistance  can  be  divided  if  it  is  desired. 
It  is  found  in  actual  practice  that  the  head  resistance  is  much 
larger  than  the  stern  resistance.  Professor  Goss's  experiments 
on  models  show  that  this  head  resistance  is  6.5  times  the  stern 
resistance,  and  that  the  head  and  stern  resistance  together  are 
about  6.2  times  the  side  resistance  of  one  car. 

From  collateral  evidence  it  would  seem  that  the  coefficient  of 
the  variable  in  the  side  resistance  term  should  be  considerably 
lower  than  that  of  the  head  resistance  term.  The  air,  in  case  of 
the  side  resistance,  is  not  compressed,  but  is  sheared  off,  and  the 
fluid  particles  are  dragged  aside  rather  than  piled  up  on  each 
other. 

On  the  basis  of  the  above,  the  rational  formula  would  be: 

11  =  A  ^  BM  +  CM^  +  l)^  +  E^    .    .    .     (7) 

Where  B  =  resistance  in  lbs.  per  ton, 
M  =  speed  in  miles  per  hour, 
T  =  weight  of  train  in  tons, 
n  =  exponent  of  side  friction  term, 
p  =  exponent  of  head  and  stern  friction  terms, 
A  =  coefficient  for  sliding  friction, 
B  =  coefficient  for  rolling  friction, 
0  =  coefficient  for  side  ^ir  resistance, 
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J)  —  cocfficiGnt  for  bead  air  resistance, 
E=  coefficient  for  stern  air  resistance. 

Now,  we  have  not  yet  enough  data  for  determining  the  proper 
exponents,  nor  to  separate  the  exponents  into  the  two  forms. 
Again,  as  there  are  always  two  ends  to  a  string,  the  head  and 
stern  resistance  will  always  come  together. 

Until  we  find  sufficient  evidence  to  give  us  the  two  exponential 
factors,  we  will  be  better  served  to  combine  all  three  exponential 
factors  into  one.  Again,  for  general  work  this  would  be  simpler 
and  suffi-ciently  accurate.     We  would  then  have : 

B  =  A^  BM  +  (^6^  +  ^)  Jf"    .    .    .     .    (8) 

9.  This  is  essentially  the  formula  given  by  me  in  1899,  the 
only  difference  being  in  the  coefficient  of  the  exponential  term 
separating  out  a  factor  representing  the  side  resistance  which  is 
proportional  to  the  train  weight. 

Where  R  —  resistance  in  lbs.  per  ton, 
M  =  speed  in  miles  per  hour, 
T  =  weight  of  train  in  tons, 

71  =  exponent  =  1.8, 
A  =  coefficient  of  sliding  friction, 
B  =  coefficient  of  rolhng  friction, 

C  =  coefficient  of  side  resistance, 
J)  =  coefficient  of  head  and  stern  resistances. 

The  values  of  these  various  coefficients  are  as  follows : 

^  =  3  for  heavy  freight  trains. 
A  =  4:  average  passenger  trains. 
A  =  5  heavy  large  electric  cars. 
A  =  6  medium  electric  cars. 
A  =  7  light  electric  cars. 

^  =  .15  for  light  track  construction. 
B  =  .12  for  heavy  track  construction. 

C=  .0016  for  ordinarily  constructed  cars. 
C  =  .0014  for  cars  with  vestibules. 
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D  =  .25  for  small  cross  section  cars. 

Z)  =  .30  loi'  iiKHliiiiii  section  electric  cars. 

D  =  .35  for  large  electric  or  suburban  trains. 

i>  =  .40  for  largest  express  trains. 

As  our  experimental  data  are  increased,  it  will  be  possible  to 
correlate  these  coellicients  more  intimately  with  the  elements  of 
friction  they  represent. 

The  foregoing  has  shown  the  gradual  development  of  the  train 
resistance  formula  from  a  rational  standpoint.  It,  however,  has 
been  viewed  all  along  from  the  start  from  an  empirical  stand- 
point. 

10.  When  it  was  found  that  a  formula  with  a  single  variable 
term  w\as  insufficient,  there  ^vere  those  who  refused  to  add 
another  term  to  the  formula,  contending  that  such  term  did  not 
give  an  absolute  formula,  and  only  extended  its  range  if  results 
were  at  all  in  advance.  Again,  the  range  of  increased  alleged 
accuracy  was  within,  the  range  of  variation  in  the  value  of  the 
coefficients,  so  that  altogether  the  extra  complication  was  not 
worth  the  result.  These  advocated  an  empirical  formula  taking 
such  range  for  each  separate  set  of  coefficients  as  experience 
w^ould  Av arrant. 

There  were  others,  1  believe,  who  Avere  led  to  abandon  the 
rational  formula  on  account  of  intellectual  cowardice.  They 
found  that  a  single  variable  formula  was  hopelessly  inadequate 
with  either  the  first  power  or  the  second  power.  After  having 
passed  to  the  three  term  formula  with  first  and  second  power 
variables,  they  saw  that  with  the  increase  of  speed  and  shortening 
of  trains,  too  high  results  would  be  obtained  at  high  speeds. 
They  balked  at  follo\riug  the  natural  and  logical  course  of  rcducino- 
the  exponent  of  the  second  power  term,  arguing,  perhaps,  that  the 
complication  of  the  fractional  exponent  was  not  warranted; 
also,  perhaps,  being  led  by  the  fact  that  the  theoretical  air 
resistance  is  known  to  vary  as  the  second  power. 

11.  Let  us  consider  the  uses  of  a  train  resistance  formula. 
Orio^inallv,  it  served  more  as  a  o-uide  than  an  en^ineerinor 
hypothesis.  As  skill  in  design  and  application  increased,  more 
and  more  attention  was  paid  to  the  fitting  of  machines  to  the 
Avork  they  had  to  do.  Moreover,  with  steam  railroads  and  lono- 
trains,  extreme  accuracy  was  not  essential,  as  one  or  more  cars 
could  be  added  or  taken  off  as  conditions  required. 
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AYitli  the  advent  of  short  suburban  trains  with  three  to  live 
cars,  short  distances  between  stations  and  a  demand  for  increased 
schedule  speed,  it  became  very  necessary  to  lit  the  motive  power 
with  a  nicety  to  its  work.  In  case  of  a  three-car  train,  if  the 
locomotive  was  too  small,  the  taking-  off  of  a  single  car  would 
reduce  the  train  weight  33  per  cent.,  and  then  the  locomotive 
would  be  too  large,  besides  necessitating  a  change  in  the  time 
tables. 

This  need  was  still  further  emphasized  by  the  high  speeds  of 
such  trains  as  the  Empire  State  Express  of  the  'New  York  Cen- 
tral and  Hudson  Kiver  Eailroad,  and  also  by  the  high  speed 
interurban  electric  cars.  In  case  of  these  electric  cars,  the 
motive  power  of  each  car  being  on  its  own  axles,  there  is  no 
possibility  of  adjustment  if  it  is  not  suited  to  its  Avork. 

It  will  be  seen,  then,  that  the  use  of  train  resistance  formulaB 
has  changed  from  that  of  a  general  guide  to  that  of  a  fundamen- 
tal engineering  criterion.  Extreme  accuracy  is  now  a  desider- 
atum, functional  as  well  as  absolute. 

Again,  the  complication  of  the  number  of  terms  and  the  frac- 
tional exponent  is  not  the  drawback  that  it  would  appear,  as  the 
use  of  such  formulae  now  takes  the  intermediary  of  charts  or 
curves,  eliminating  all  complication  of  calculation.  Moreover, 
the  general  use  of  the  slide-rale  ]uakes  a  fractional  power  prac- 
tically as  easy  of  calculation  as  the  integral  factor. 

Those  who  argued  for  the  empirical  formula  pretty  generally 
stuck  to  the  single  variable  formula,  and  varied  the  coefficients 
to  suit  the  case.  There  were  those  who,  finding  the  two  variable 
formulae  inadequate,  apparently  went  on  an  empirical  excursion  to 
fi.nd  some  form  which  would  give  accurate  results  for  a  wider 
range  than  given  by  existing  formulae.  The  formula  of  Mr. 
John  Lundie  is  of  this  class,  and  as  stated  by  him  is : 

/  14 


35  +  T, 

which,  reduced  for  comparison  Avith  rational  formula,  becomes 

14i/ 
i?  =.  4  +  .20  J/  +  -^-^        ....     (9) 

The  third  term  of  this  equation  cannot  be  explained  rationally. 
The  depreciated  reciprocal  weight  factor  has  no  rational  analogy 
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in  pnicticc.     This  formula  has  all  tlii^  C()iii|)li(;alions  of  a  thrce- 
teriu  foriuuhi,  witliout  the  a(lvanta<^e  of  rational  formuhi. 

12.  Mr.  »1.  A.  F.  Aspinall,  the  (leneral  Mana<^er  of  the  Lan- 
cashire and  Yorkshire  liaihvay,  has  gone  into  the  matter  of 
train  resistance  in  an  exhaustive  manner,  and  presented  in 
November,  1901,  at  a  meeting  of  the  Britisli  Institution  of  Civil 
Engineers  a  paper  on  tlie  subject.  lie  gave  as  results  of  his 
study  and  experiments  for  a  five-car  train  : 

^  =  2.5+g^^ (10) 

Where  R  =  resistance  in  lbs.  per  ton  of  2240  lbs.  drawn, 
Y=  velocity  of  train  in  miles  per  hour. 

He  found  that  for  a  greater  number  of  cars  that  the  length 
entered  as  a  factor  and  gave 

^  =  ^-^  -^  50.8  7^0278  L (") 

Where  Z  —  length  of  train  in  feet. 

It  will  be  noticed  that  the  independent  coefficient  is  small.  It 
can  generally  be  taken  as  a  fact  that  when  the  independent 
factor  is  less  than  three  the  formula  is  empirical,  and  that  the 
independent  coefficient  is  reduced  to  compensate  some  other 
error  introduced.  In  all  formula^  this  independent  factor  repre- 
sents the  resistance  just  before  coming  to  rest,  and  is  the  mini- 
mum obtainable  resistance.  This  is  seldom  less  than  four  pounds, 
and  only  in  exceptional  cases  goes  below  3.5  pounds. 

Mr.  Aspinall  has  the  courage  to  go  to  a  fractional  exponent. 
He,  however,  combines  all  variables  into  one  term,  thereby  cut- 
ting loose  from  a  rational  formula.  He  has  also  a  depreciated 
reciprocal  length  factor,  which  is  comparable  with  Mr.  Lundie's 
depreciated  reciprocal  weight  factor.  Mr.  Lundie  has  a  third 
term  with  the  first  power  variable  alone,  which  Mr.  Aspinall 
does  not. 

Although  I  am  a  believer  in  a  rational  formula,  I  was  pleased 
to  see  Mr.  Aspinall's  formula,  as  he  is  the  first  man  to  give, 
other  than  myself,  a  fractional  exponent  of  the  variable. 

Mr.  C.  O.  Mailloux  although  he  favors  a  rational  formula 
has  found  useful  an  empirical  formula  of  the  form 

B  =  A-^  BM'' (12) 
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Now,  matliematically,  this  equation  can  be  made  to  very 
closely  represent  any  curve  with  a  constantly  increasing  func- 
tion, and,  therefore,  can  be  made  to  represent  any  given  test 
curve,  probably,  within  the  limits  of  accuracy.  If  a  curve  be 
plotted  representing  a  given  set  of  readings,  and  a  curve  of 
form  of  equation  (12)  be  plotted  to  represent  such  curve,  if 
the  highest  points  of  the  two  curves  coincide,  it  will  be  found 
that  the  empirical  curve  cuts  the  real  curve  at  two  points,  and 
that  the  values  of  the  resistance  as  calculated  from  the  empirical 
curve  beyond  the  upper  limit  are  higher  than  the  true  values. 
It  is  very  important  in  extending  curves  to  have  all  points  deter- 
mined as  accurately  as  possible,  for  a  slight  variation  in  direction 
is  magnified  by  the  amount  of  extension.  That  this  empirical 
curve  would  give  high  results  on  the  extension  is  obvious  when 
it  is  considered  that  a  factor  varying  as  the  first  power  of  the 
velocity  is  eliminated,  and  its  place  taken  by  an  augmented 
coefficient  of  the  higher  power  factor.  At  low  values  of  the 
speed,  the  difference  between  the  true  value  of  the  first  power 
variable  and  its  substituted  higher  power  factor  would  probably 
be  within  the  limits  of  accuracy  of  observation,  but  this  is  not  so 
at  high  values,  and  would  always  lead  to  high  results.  This  em- 
pirical train  resistance  formula  is  good  to  represent  a  given  series 
of  results  for  mathematical  or  functional  comparison.  It,  how- 
ever, is  of  little,  or  perhaps  better  stated,  inferior  value  for  pre- 
dicted results  of  extension  beyond  the  highest  valae  of  observa- 
tion. It  is  very  important  for  extending  the  curve  that  the  first 
power  factor  be  present  and  accurately  determined  as  to  its 
coefficient. 

13.  Another  important  point  which  the  empirical  formulae 
entirely  leave  out  is  the  relative  value  of  the  different  portions 
of  the  resistance.  In  a  rational  formula  it  will  be  seen  that  the 
side  air  resistance  comes  within  the  limits  of  accuracy  at  about 
30  miles  per  hour,  and  the  head  and  stern  resistances  become 
negligible  for  a  six-car  train  at  about  the  same  speed;  but  for  a 
single-car  train,  they  do  not  become  negligible  till  you  get  down 
towards  20  miles  per  hour.  It  would  seem  this  is  a  very  impor- 
tant function  of  a  train  resistance  formula. 

l-i.  It  would  seem,  inconclusion,  that  all  arguments  favor  the 
rational  form  rather  than  the  empirical  form,  and  that  the 
highest  exponential  variable  should  have  a  fractional  exponent 
between  one  and  two. 
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DISCUSSION. 

P /'<>/.  (r.  Lanza. — In  ordor  to  discuss  intelligently  Mr.  lilood's 
contribution  to  the  voluminous  literature  extant  on  train  resist- 
ance, we  must  bear  in  mind  that,  in  order  to  serve  anv^  useful 
purpose,  tlie  results  obtained  by  the  use  of  such  i'ormuhe  should 
furnish  the  resistance  with  such  degree  of  accuracy  as. is  needed 
for  use  in  ])ractice.  Hence  I  am  deeply  interested  in  any  set  of 
rormuhe,  whether  rational  or  empirical,  which  will  enable  us  to 
com])ute  the  resistance  to  be  overcome  in  pulling  trains  in  actual 
service,  with  an  error  not  greater  than  10  or  15  per  cent.,  and 
which  can  be  and  have  been  verified  by  experiments  upon  trains 
in  actual  service. 

On  the  other  hand,  I  am  not  much  interested  in  formulas, 
whether  rational  or  empirical,  which  will  not  bear  this  test. 

It  is  because  a  o:reat  deal  has  been  done  bv  wav  of  devisin^: 
formulae  of  this  latter  class,  and  very  little  has  been  done  by 
way  of  making  reliable  tests,  that  it  seems  to  me  that  we  have 
not  yet  obtained  enough  reliable  data  to  warrant  us  in  the  hope 
of  deducing  rational  fornml^  that  shall  be  applicable  to  the 
conditions  of  service. 

To  explain  more  fully  the  bearing  of  the  above,  I  will  say  that 
the  experiments  upon  which  train  resistance  (whether  rational 
or  empirical)  have  been  based  have  been  of  the  following  kinds: 

{a)  Bringing  the  train  up  to  some  point  on  the  road  with  a 
known  velocity,  then  letting  it  run  without  steam  and  noting 
the  distance  it  runs  before  coming  to  rest. 

(b)  Observing  the  initial,  and  also  the  final  velocity  at  differ- 
ent points  in  its  travel  when  running  without  steam, 

(c)  Starting  it  at  a  zero  velocity,  at  the  top  of  an  inclined 
plane,  thus  letting  gravity  im})art  velocity  to  it,  and  then  let- 
ting it  run  on  a  level  till  it  stops. 

{d)  By  taking  indicator  cards  when  it  is  a  question  of  the 
entire  train,  including  the  locomotive  and  tender,  and  by  dyna- 
mometer, when  only  the  resistance  of  the  cars  is  desired. 

(t^)  In  many  cases  experiments  have  been  made  by  some  of 
these  methods,  using  only  a  single  car,  instead  of  a  train  of  cars. 

It  is  believed  that  the  only  experiments  on  train  resistance 
from  which  reliable  results  for  use  in  practice  can  be  obtained, 
are  those  where  a  recording  dynamometer  is  used  when  it  is  a 
question  of  the  resistance  of  the  cars  alone,  or  where  indicator 
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cards  arc  used,  when  it  is  a  question  of  the  resistance  of  tlie 
entire  train  iiichiding  the  locomotive  and  tender. 

AVhen  any  of  the  oj^her  methods  stated  above  are  used,  the 
train  is  not  in  the  condition  in  which  it  is  wlien  being  hauled 
by  the  locomotive,  as,  for  instance,  if  a  line  of  cars  be  allowed 
to  descend  a  grade,  acted  on  by  gravity  alone,  the  tensions  on 
the  train  hooks  are  quite  different  from  those  actually  occurring 
in  the  usual  running  of  a  train  on  a  level  track;  besides  which 
the  velocity  is  a  varying  one. 

When  a  recording  dynamometer  is  used,  a  dynamometer  dia- 
gram is  recorded  on  the  roll  of  paper  by  one  pencil,  while 
another  draws  a  straight  zero  line,  the  distance  between  these 
lines  representing  to  scale  the  pull  on  the  draw-bar,  while  a 
chronograph  makes  marks  dividing  up  the  straight  (zero)  line 
into  portions  described  in  equal  times,  as  sav,  five  seconds. 

Having  had  occasion  to  have  the  resistance  of  certain  trains 
deduced  from  dynamometer  diagrams,  certain  facts  deveU.ped 
which  it  may  be  well  to  mention  here: 

1.  In  working  up  such  data  it  is  necessary,  of  course,  to  take 
account  of  the  difference  of  actual  energy,  and  also  of  the  differ- 
ence of  level  at  the  beginning  and.  end  of  the  section  under 
consideration. 

2.  If  the  attempt  is  made  to  use  five-second  periods,  so  much 
difficulty  will  be  found  in  a  correct  determination  of  the  speed 
that  the  increase  in  velocity  head  due  to  the  consequent  inac- 
curacy is  liable  to  be  larger  than  the  head  due  to  dynamometer 
work,  and  hence  follow  ver}^  variable  and  often  absurd  results. 

3.  Indeed,  two  adjacent  five-second  spaces  will  often  vary  by 
6  or  7  per  cent.,  and  such  a  variation  in  the  space  of  five  seconds 
would,  in  the  case  of  a  heavy  train  running  at  high  speed,  re- 
quire more  power  than  any  locomotive  could  exert  while  pulling 
its  train. 

4.  Hence  it  follows  that  the  use  of  five-second  periods  in 
working  up  dynamometer  diagrams  is  entirely  unsuitable. 

5.  In  view  of  all  the  above,  the  following  was  the  method 
adopted.  Compute  the  resistance  over  stretches  of  straight 
track  at  least  five  miles  long,  over  which  the  maximum  vari- 
ation of  speed  does  not  exceed  five  miles  per  hour. 

0,  It  is,  of  course,  of  the  greatest  importance  that  the  dyna- 
mometer should  weigh  the  pull  correctly,  and  that  no  doubt 
whatever  should  exist  in  this  regard. 
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In  tlu^  li^-lit  of  llie  alH)V(^  it  will  \)v.  (n'idcnt,  it  seems  to  iiic, 
that  very  few  of  the  train  resistances  foi'miihe  that  have  l)een 
proposed  ai'e  hasc^l  upon  such  expeiiniental  data  as  will  entitle 
them  to  the  conhdence  of  railroad  men,  and  of  tlie  locomotive 
huilders,  and  moreover,  that  those  quoted  by  Mr.  lUood  as  hav- 
in^^  been  derived  from  exjieriments  mach^  upon  the  Eastei'n  Itail- 
road  of  Ki'aiU'e,  cannot  be  included  in  the  list,  inasmuch  as, 
according- to  George  Meyer,  in  '^  Locomotivbau,"  of  lleusinger 
von  Wahh^gg',  pages  00  and  70,  their  ex])eriments  were  made  by 
the  following  methods: 

{(f)  V>y  using  single  cars,  imparting  to  them  a  certain  initial 
velocity,  and  then  noting  their  velocity  at  fixed  interv^als,  and 
the  distance  run  before  coming  to  rest. 

{h)  ]>y  usinf^  single  cars  drawn  by  a  locomotive  with  a  dyna- 
mometer car  inter])osed. 

{(')  By  imparting  to  the  locomotive  a  given  speed,  and  then 
letting  it  run  with  a  closed  throttle. 

(d)  By  pulling  a  locomotive  with  its  tender,  in  running  order, 
with  closed  throttle,  the  link  at  the  middle,  and  cylinder  cocks 
o[)en,  by  means  of  another  locomotiv^e,  with  a  dynamometer  car 
interposed. 

{e)  By  hauling  a  train  of  loaded  coal  cars  by  a  locomotive, 
with  a  dynamometer  car  interposed,  the  speeds  being  from  1^  to 
11  meters  per  second,  the  latter  being  about  24  miles  per  hour. 

Inasmuch  as  Mr.  Blood  does  not,  in  this  paper,  give  any 
account  of  the  experiments  upon  wdiich  he  bases  his  own  for- 
mulae, it  is  not  possible  to  express  any  opinion  regarding  their 
applicability  in  practice. 

It  should  be  observed,  however,  that,  while  it  is  common  to 
give  formuhie  for  train  resistance  in  jiounds  per  ton,  it  is  never- 
theless manifestly  incorrect  to  do  so,  inasmuch  as  the  greater 
part  of  the  resistances  are  not  proportional  to  the  weights  of 
the  trains.  Thus  the  resistance  of  a  train  of  empty  freight  cars 
does  not  bear  to  the  resistance  of  the  same  train  loaded,  the  ratio 
of  their  weights. 

To  discuss  the  merits  of  those  formulae  which  are  based  upon 
experimental  data  of  the  right  kind  Avould  prolong  this  discus- 
sion to  too  great  an  extent. 

J/;'.  //.  Wade  ILibhard. — I  note  a  remark  in  the  paper  to  the 
effect  that  "extreme  accuracy  is  now  a  desideratum,  functional 
as  Avell  as  absolute."     It  w^ould  be  my  opinion  that  the  formula, 
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more  rational  than  tlie  old  ones  altliougli  it  may  be,  is  still  far 
from  being  an  accurate  formula,  and  I  very  much  doubt  wlietlier 
we  can  liave  an  accurate  formula  which  will  ])rovi(le  for  all  vary- 
ing conditions,  the  vast  number  of  which  are  entirely  unknown. 
It  is  a  very  well  known  fact  that  3^ard-masters,  in  making  up 
trains  for  a  locomotive  of  a  giv^en  draw-bar  pull,  are  obliged  to 
take  into  consideration  Avhether  the  train  is  to  be  made  up  of 
loaded  or  empty  cars,  or  a  mixture.  There  are  many  other  con- 
siderations that  affect  the  draw-bar  pull  of  a  train;  for  instance, 
whether  the  trucks  are  vertically  stiff  and  whether  they  are 
horizontally  square;  whether  some  of  the  trucks  are  side-bearing 
trucks  or  centre-bearing  trucks;  whether  the  cars  are  old  or 
new  ;  the  material  of  the  axle  brasses ;  the  kind  of  oil,  the 
method  of  lubrication  and  condition  of  the  oil.  In  fact,  I 
have  here  noted  offhand  some  fifteen  different  items,  none  of 
which  the  formula  seems  to  have  taken  into  consideration. 
Probably  an  attempt  to  make  it  do  so  would  render  it  entire- 
ly impractical  and  unvv^ieldy  for  general  railroad  service. 

I  do  not  speak  in  order  to  throw  distrust  upon  the  formula, 
but  simply  to  point  out  the  burden  of  \ny  remarks,  which  is  this: 
that  I  believe  this  formula,  as  many  other  formulae — for  in- 
stance, for  columns — should  not  be  considered  as  absolute 
formula,  but  shoidd  be  used  for  co7nj>arative  purposes.  For 
example,  if  I  am  going  to  design  a  light  side-rod  for  a  high-speed 
locomotive  I  would  not  feel  that  I  could  take  any  formula,  as, 
for  instance,  the  centrifugal  force  on  the  rapidly  vibrating  beam, 
and  take  a  given  fibre  stress  and  feel  that  that  rod  was  safe.  I 
should  want  to  take  a  rod  from  several  different  engines  very 
similar  to  the  engine  which  I  was  going  to  design,  and  use  the 
formulae  in  analyzing  those  existing  rods,  particularly  if  I  am 
able  to  find  some  rods  which  have  broken  and  some  which  have 
not  quite  broken,  and  then,  having  analyzed  those  rods,  use  the 
comparative  fibre  stress  thus  found  for  designing  my  new  rod. 
In  the  same  way  this  train-resistance  formula,  although  perhaps 
better  than  the  old  formulae,  is  3"et  a  formula  which  should  be 
used  only  in  some  such  way  as  the  above — for  comparison  pur- 
poses, and  not  as  an  absolutely  accurate  formula. 

M)\  Blood. '^ — I  would  say  in  reply  that  I  think  all  formulae 
could  to  a  large  extent  have  that  same  criticism  applied  to  them. 

*  Author's  Closure,  under  the  Rules. 
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The  points  brought  out  by  this  fonnuhi  ai"e  ratlior  its  functional 
accuracy  as  coni])are(l  Avith  tlie  functional  inadccjuacy  of  pre- 
vious foruiuhe  than  to  claim  for  it  an  absolute^  valuer  in  every 
case.  In  the  next  to  last  ])aragraph  of  section  9,  I  have  meant 
to  emphasize  this  feature  when  I  said: 

^'  As  our  experimental  data  are  increased  it  will  be  possible  to 
correlate  these  coefficients  more  intimately  with  the  elements  of 
friction  they  represent." 

The  points  which  have  come  up  in  ^Ir.  Dudley's  experiments 
with  rails  on  the  New  York  Central  Railroad  would  all  be  taken 
care  of  in  these  various  coefficients.  Coefficient  B  is  dependent 
largely  upon  the  tracks.  Coefficient  A  is  dependent  largely  on 
the  pressures,  the  style  of  the  journals  and  trucks  and  the 
mounting  of  the  cars.  By  taking  the  proper  coefficients  in  a 
rational  type  formula,  a  formula  would  be  made  up  which  would 
give  accurate  results,  and  as  absolutely  as  if  the  resistance  were 
chosen  with  direct  reference  to  the  experimental  data  on  tlie 
subject  besides  being  functionally  accurate. 

The  communication  of  Professor  Lanza  does  not  appreciate  the 
points  brought  out  in  the  above  paper,  as  most  of  the  points  he 
makes  would  be  answered  by  statements  in  the  paper.  Pro- 
fessor Lanza's  work  in  emphasizing  the  value  of  full  sized  actual 
tests  for  engineering  data  is  appreciated  by  the  engineering  pro- 
fession. At  the  same  time,  this  is  not  the  whole  of  the  engi- 
neering work,  and  functional  accuracy  is  as  important  as  abso- 
lute results  in  certain  cases.  The  paper  discusses  this  matter  of 
functional  accuracy,  and  presents  a  formula  for  such  functional 
accuracy  of  the  different  variables.  It  is  ])resented  in  the  paper, 
in  next  to  the  last  paragraph  of  section  9,  that  the  increase  in 
the  experimental  data  will  bring  the  formula  into  more  intimate 
relation  with  actual  results. 

Professor  Lanza  apparently  does  not  appreciate  that  many  of  the 
most  important  cases  where  train  resistance  formula  is  used,  or  I 
might  say,  many  places  where  an  accurate  formula  is  most  need- 
ful, are  those  where  the  cr  nditions  are  beyond  or  outside  of  any 
heretofore  experienced,  and  which  cannot  previously  have  been 
verified  by  experiment.  In  such  cases  it  is  exceedingly  impor- 
tant that  the  functional  accuracy  of  the  formula  be  as  great  as 
possible,  and  these  cases  above  all  others  emphasize  the  need  of 
a  rational  formula  as  against  an  empirical.  If  train  resistance 
of  an  exact  relation  to  some  previous  experiment  is  desired,  it  is 
63 
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useless  to  have  a  formula  at  all,  as  the  records  of  the  experiment 
will  be  more  accurate  than  by  transforming-  such  records  into 
a  formula  and  calculatin^z:  back  for  result.     The  list  of  various 
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methods  of  calculating  resistance  shows  that  Professor  Lanza  is 
not  cognizant  of  the  latest  work  on  this  matter.  The  results 
taken  from  electrically  propelled  trains  and  cars  give  oppor- 
tunity for  much  greater  accuracy  on  account  of  the  extreme 
accuracy  possible  with  electrical  measurements,  and  also  on 
account  of  the  uniformity  of  conditions  in  the  transmission  of 
the  electric  energy  into  the  mechanical  energy  of  the  moving 
train.  The  experiments  at  Zossen,  Mr.  Davis's  experiments  at 
Niagara,  to  say  nothing  of  the  numerous  experiments  on  the 
elevated  railways  in  this  country  and  on  the  Central  London 
Eailway  in  England,  are  examples  where  accurate  results  have 
been  obtained  as  regards  the  relation  of  the  various  physical 
forces  of  moving  train. 

Professor  Lanza's  statement  that  the  train  must  be  under  ser- 
vice conditions  when  the  measurements  are  made  is  one  of  im- 
portance, and  he  appreciates  that  a  dynamometer  excludes  the 
head  air  resistance  aTid  therefore  mentions  that  power  must  be 
taken  from  the  prime  mover  if  this  is  to  be  included.  He  mentions 
inaccuracy  introduced  in  using  a  chronograph  dynamometer.  I 
believe  that  this  instrument  is  as  accurate  as  results  obtained  by 
indicator  cards.  Also,  it  was  pointed  out  that  an  average  of  a 
series  of  results  from  a  chronograph  will  eliminate  the  errors  of 
inertia  of  the  pointer  just  as  well  as  Professor  Lanza's  sug- 
gested method  of  calculation  over  five  miles  of  track.  The  aver- 
age of  five  miles  of  readings  on  the  chronograph  would  probably 
check  very  well  with  resistance  calculated  on  five  miles  of  track 
according  to  Professor  Lanza's  suggestion. 

Professor  Lanza's  statement  with  reference  to  my  use  of  the 
Eastern  Pailway  of  France  test  is  entirely  outside  of  anything 
presented  in  the  paper.  The  last  paragraph  of  section  4  and 
section  5  gives  certain  conclusions  drawn  from  the  form  of  the 
formula,  and  nothing  is  mentioned  with  reference  to  absolute 
values.  Besides  the  objections  mentioned  by  Professor  Lanza 
concerning  the  method  of  taking  these  French  tests,  an  objection 
which  would  overbalance  them  all  would  be  that  the  construc- 
tion of  cars  and  locomotives  were  diiferent  from  those  used  in 
this  country. 

Professor  Lanza's  statement  that  it  is  manifestly  incorrect  to 
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jj^ive  train  resistance  in  ])()iin(l.s  jut  ton  is  a  niauifestly  incorrect 
statement.  Question  as  to  whether  resistances  <i;iven  in  total 
poundsor  ])ounils  per  ton  wei<^htof  train  is  not  one  of  correctness 
or  incorrectness,  but  one  of  convenience.  It  is  ackno\vle(l<^e(l  by 
all  engineers  tliat  a  ])ortion  of  the  train  resistance  is  indejuindent  of 
the  weight  or  length  of  the  train,  and  also  tiiat  a  portion  of  the 
train  resistance  is  proportional  to  the  weight  or  length  of  the* 
train.  On  this  account,  in  any  formula  you  must  have  some 
term  which  contains  the  weight  or  length  of  the  train.  The  air 
resistance  on  tlie  head  and  stern  of  the  train  is  indejwndent  of 
the  weight  or  length,  and  therefore,  if  the  resistance  is  given  in 
ponnds  per  ton,  this  air  resistance  would  vary  inversely  as  the 
weight  of  the  train,  whereas  if  the  air  resistance  were  given  in 
total  pounds,  the  term  would  be  independent  of  the  weight  of 
the  train.  Again,  the  track  resistance  Avhich  is  the  resistance 
due  to  the  wheels  passing  over  the  track  is  proportional  to  the 
nnmber  of  Avheels  passing,  which  are  with  a  uniform  train  pro- 
portional to  the  weight  of  the  train.  Consequently,  the  formula 
giving  track  resistance  in  pounds  per  ton  would  be  independent 
of  the  weight  of  the  train,  whereas  a  formula  giving  the  track 
resistance  in  total  pounds  would  be  proportional  to  the  weight 
of  the  train. 

The  statement  that  the  resistance  of  a  train  of  empty  freight 
cars  does  not  bear  to  the  resistance  of  the  same  train  loaded,  the 
ratio  of  their  weights  is  perfectly  true,  but  does  not  argue 
against  a  resistance  formula  giving  resistance  in  pounds  per  ton. 
It  does  argue,  however,  for  a  rational  train  formula.  The  reason 
for  the  variation  is  that  the  coefficient  of  journal  friction  and 
track  friction  are  different,  due  to  the  different  conditions,  and 
the  only  way  of  making  a  formula  correspond  with  results,  is  to 
have  proper  coefficients  apply.  This  is  only  possible  where  the 
various  factors  of  the  resistance  are  so  segregated  that  it  is  pos- 
sible to  modify  by  coefficient  that  portion  of  the  resistance 
which  is  chansred  bv  the  chan2:e  in  conditions. 

Paucity  of  experimental  results  on  train  resistance,  especially 
at  high  speeds,  is  apparent  to  all,  and  I  believe  that  a  reason  for 
this  is  that  the  functional  relation  of  the  different  variables  has  not 
been  sufficiently  well  appreciated  in  order  that  experimental 
work  can  be  carried  out  intellio-entlv.  It  was  largely  to  aid  in 
this  matter  that  this  paper  was  presented,  and  it  is  believed  that 
where  the  proper  relation  of  the  variables  is  appreciated  that 
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results  of  experiment  can  be  more  easily  tabulated,  and  there- 
fore become  sooner  available  in  actual  engineering  work. 

The  points  of  difference  in  the  formula)  presented  in  the  above 
pa])er  are  largely  in  the  thii'd  term.  It  is  believed  that  this  third 
term  should  have  an  exponent  between  1  and  2,  and  nearer  2. 
It  is  believed  that  this  term  should  have  a  coefficient,  wjiich 
should  be  the  sum  of  two  coefficients,  one  of  which  should  have 
in  the  denominator  a  variable  proportional  to  the  weight  or 
length  of  the  train. 
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THE  BURSTrXG    OF  EMERY    ]YJrEELS, 

Y,\   CHARLES   H.    BKXJAMIX,    CL?:VELAND,    OHIO. 

(Member  of  the  Societj-.) 

1.  Several  years  ao^o  the  writer  was  consulted  reo^ardinor  some 
points  of  a  case  in  litigation  occasioned  by  the  bursting  of  an 
emery  wheel  and  the  resulting  death  of  a  workman.  The  ques- 
tion to  be  decided  was  whether  the  wheel  was  unsafe  at  the  speed 
recommended  by  the  makers,  or  whether  the  accident  was  due  to 
the  carelessness  of  the  operator. 

As  it  was  just  then  an  off  3^ear  for  experiments  on  fly-wheels 
there  seemed  to  be  no  good  reason  why  the  same  medicine  could 
not  be  tried  on  emery  wheels.  The  apparatus  already  described 
in  former  papers  read  before  this  Society,  with  some  slight  altera- 
tions, was  adapted  to  the  new  requirements,  and  in  the  spring  of 
1902,  fifteen  wheels  of  various  makes  were  tested  to  destruction. 

2.  For  the  actual  details  of  the  work  credit  is  due  to  Messrs. 
Chandler  and  Krueger  of  the  class  of  1902,  Case  School  of 
Applied  Science.  Most  manufacturers  of  this  class  of  wheels  test 
them  for  their  own  information,  but  the  results  are  not  srenerallv 
given  to  the  public  ;  the  writer  knows  of  no  published  data  on 
this  subject.  At  the  Norton  Emery  "Wheel  Works,  all  wheels 
are  tested  before  leaving  the  shop  at  a  speed  double  that  allowed 
in  regular  service,  and  occasionally  wheels  are  burst  to  determine 
the  actual  factor  of  safety. 

3.  Emery-wheel  accidents  are  not  uncommon,  but  can  usually  be 
traced  to  the  carelessness  of  the  operator.  One  common  cause  of 
failure  is  allowing  a  small  piece  of  work  to  slip  or  roll  between 
the  wheel  and  the  rest.  The  writer  was  once  present  at  an  occa- 
sion of  this  kind,  and  although  he  fortunately  was  not  in  the 
plane  of  rotation,  he  has  never  forgotten  his  sensations. 

*  Presented  at  the  Saratogra  meeting:  (June.  1903)  of  tlie  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 
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4.  Tli(3  wheels  selected  for  the  experiments  were  all  of  the  same 
size,  being-  sixteen  inches  in  diameter  by  one  inch  thick,  and  hav- 
in<ji^  a  hole  one  and  one  quarter  inches  in  diameter. 

The  object  of  the  experiments  being  to  determine  the  bursting 
speed  of  such  wheels  as  are  actually  on  the  market,  emery  wheels 


Fig.  149 


were  obtained  through  various  outside  parties  without  indicating 
to  the  agents  or  manufacturers  the  use  to  be  made  of  them. 

5.  In  this  way  wheels  of  six  different  makes  were  obtained,  the 
label  on  each  wheel  showing  usually  the  maker's  name,  the  grade 
number  or  letter,  the  quality  of  emery  and  the  speed  recom- 
mended for  use.  As  shown  in  the  table  of  results,  the  working 
speed  varied  in  the  diiferent  wheels  from  1,150  to  1,400  revolu- 
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tions  per  minute,  the  average  being  about  1,200  revokitions  per 
minute.  For  a  diameter  of  sixteen  inches  this  corresponds  to  a 
peripheral  velocity  of  about  5,000  feet  per  minute. 

The  table  also  shows  that  the  fineness  of  the  emery  varied  from 
ten  to  sixty,  the  average  being  about  thirty. 


TABLE. 


Working  Speed. 

BURSTIN 

a  Speed. 

No.  of 
Test. 

Grade 
Mark. 

No.  of 
Emery. 

Speed 
Katio. 

Factor 

of 
Safety 

Revs,  per 
Minute. 

Feet  per 
Minute. 

Revs,  per 

Minute. 

Feet  per 
Minute. 

Remarks. 

1 
2 

3 

4.5 
4.5 
4.5 

20 
20 
20 

1,200 
1,200 
1,200 

5,030 
5,030 
5,030 

3,100 
3,200 
3,350 

13,000 
13,400 
14,020 

2.58 
2. 67 
2.79 

6.67 
7.14 
7.73 

4 

5 

^ 

30 
30 

1,250 
1,250 

5.230 
5,230 

3.750 

2.750 

15,700 
11,500 

3.00 
2.20 

9.00 

4.84 

6 

7 

H 
H 

30 
30 

1,400 
1,400 

5.870 
5,870 

4,550 
4,600 

19.050 
19,200 

3.25 
3.28 

10.56 
10.76 

/    Wire 
("  Netting. 

8 
9 

0 
0 

36 
36 

1,250 
1,250 

5.230 
5,230 

4,100 
4,125 

17,200 
17,250 

3.28 
3.30 

10.76 
10.89 

10 
11 

2.5 
2.5 

60 
60 

1,150 
1,150 

4,830 
4,830 

2,750 
2,900 

11,500 
12,100 

2.39 
2.52 

5.71 
6.35 

12 
13 

M.  H. 

14 
24 

1,200 
1,200 

5.030 
5,030 

3,100 
3,800 

12.970 
15,900 

2.58 
3.17 

6.66 
10.00 

14 
15 

H 
H 

10-12 
10-12 

1,200 
1,200 

5,030 
5,030 

4.100 
4,350 

17.200 
18,200 

3.42 
3.62 

11.70 
13.10 

I  Vulcanized 
)    Rubber. 

[hu\ 
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C).  Tlie  wheels  were  held  between  two  collars,  each  six  and  one- 
eiglith  inches  in  diameter  and  concaved,  so  as  to  bear  only  on  a 
ring  three-fourths  of  an  inch  wide  at  tiie  outer  circumference. 

The  method  of  testing,  and  the  apparatus  used  Avere  precisely 
similar  to  those  described  in  the  paper  on  "  The  Bursting  of  Small 


Fig.  150. 


Cast-iron  Flywheels"  in  vol.  xxiii.  of  the  Transactions  of  this 
Society,  to  which  reference  is  here  made  for  illustrations  of  the 
apparatus. 

The  table  shows  the  results  of  the  experiments  in  detail,  and 
needs  but  little  explanation.  The  illustrations,  Figs.  149  to  152c 
show  the  characteristic  fractures,  and  the  appearance  of  various 
wheels  after  bursting. 
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7.  'Wheels  numbered  1,  2,  and  8  were  of  one  make,  and  show  a 
remarkable  uniformity  in  strenijlh.     (Fig.  149.; 

Nos.  4,  5,  8,  and  9  were  all  made  by  one  firm  ;  the  two  latter 
wheels  were  of  finer  grain  than  the  others,  and  show  a  corres- 
pondingly greater  strength.    (Figs.  150  and  \^>2.) 


Fig.  151. 


Xos.  6  and  7  contained  a  layer  of  brass  wire  netting  imbedded 
in  the  emery,  and  were  about  one-third  stronger  than  the  average 
of  the  ordinary  wheels.     (Fig.  151.) 

The  wheels  numbered  10  and  11  were  the  w^eakest  among  those 
tested,  but  have  an  apparent  factor  of  safety  of  between  five  and 
six.     (Fig.  152a.) 

ISTos.  12  and  13  of  still  another  make  burst  at  about  the  average 


im;8 
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speed.  (Fig.  Ib2b.)  Wlieels  Nos.  14  and  15  were  so-called  vulcanized 
wheels,  containing  rubber  in  the  bond,  and  intended  for  particularly 
severe  service.  These  showed,  as  was  expected,  rather  inore  than 
the  average  strength.     (Fig.  152c.) 

8.  An  examination  of  the  last  two  columns  in  the  table  shows 


Fig.  152. 


that  the  wheels  burst  at  speeds  varying  from  two  and  one-quarter 
to  three  and  three-quarters  the  Avorking  speed,  and  accordingly 
had  factors  of  safety,  varying  from  five  to  thirteen. 

It  is  then  apparent  that  any  of  these  wheels  were  safe  at  the 
speed  recommended,  and  would  not  have  burst  under  ordinary 
conditions.  At  the  same  time,  considering  the  violent  nature  of 
the  service  and  the  shocks  to  which  they  are  exposed,  it  would 
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seem  tliiit  the  factor  of  safety  for  einei'v  wheels  should  Ix^  larf^e. 
In  comparison  with  those  generally  used  in  machines,  a  factor  of 
eiirht  or  ten  would  seem  small  enouo^h. 

It  may  also  be  said  that  such  a  variation  in  strength  between 
wheels  of  the  same  make  and  grade,  as  for  instance,  that  between 


Fig    lr)2a. 


Kos.  -i  and  5,  indicates  a  lack  of  uniformity  which  causes  dis- 
trust. 

9.  The  fractures  ^vere  in  the  main  radial,  as  may  be  seen  from 
the  cuts,  the  wheel  splitting  in  three,  four  or  five  sectors  as  might 
chance. 

It  may  be  assumed  that  these  radial  cracks  started  from  the 
rim  where  the  velocity  and  stress  were  greatest,  but  it  is  a  fact 
95 
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Fig.  1526. 
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wortbv  of  notice  that  in  nearly  every  instance  tlie  cracks  radiated 
from  points  where  the  lead  bushing  projected  into  the  body  of 
the  wheel. 


Fig.  152c. 


In  this  connection  the  writer  would   be  glad  to  learn  of   any 
published  discussions  on  the  centrifugal  stresses  in  rotating  discs 


as  distinct  from  those  in  thin  rings. 


DISCUSSION. 


Mr.  Cole. — I  would  call  attention  to  the  fact  that  the  factor  of 
safety  which  is  given  on  page  965  of  the  paper  is  based  not  on  one 
speed  for  all  the  wheels  mentioned,  but  is  based  upon  the  speeds 
given  in  the  columns  called  "  Revolutions  per  minute/'  which, 
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under  lines  10  and  11,  is  but  1,150  revolutions  per  minute,  whereas 
in  others  it  is  1,200,  1,250  and  1,400.  So  that  a  person  looking 
down  the  column  ^'  Factor  of  safety "  without  looking  back  to 
^'  Revolutions  per  minute  ''  would  think  that  tlie  strongest  wheels 
were  not  as  strong  as  Avould  show  by  taking,  for  instance,  the  basis 
of  1,200  revolutions  for  all  the  wheels. 

Another  thing,  with  reference  to  these  dove-tailed  clamps  or 
collars.  Some  years  ago  I  obtained  a  patent  on  that  device.  The 
patent  has  since  expired;  I  never  used  it  myself,  but  it  has  been 
used  b}"  other  makers.  I  have  found  that  in  several  cases  there 
is  a  temptation  to  make  a  weak  wheel  and  depend  upon  these  col- 
lars. There  have  been  accidents  with  which  I  have  been  familiar 
where  not  only  has  the  wheel  broken,  but  the  collar  as  well. 

Mr.  C.  V.  Kerr. — I  was  especially  struck  with  the  last  sentence 
in  the  paper  regarding  the  published  discussions  on  the  centrifugal 
stresses  in  rotating  discs  as  distinct  from  those  in  thin  rings.  I 
did  not  get  a  copy  of  the  paper  until  this  morning,  and  so  I  have 
not  had  an  opportunity  to  get  what  I  would  like  to  say  in  the  proper 
shape. 

For  thin  rotating  rings,  for  steel  the  stress  in  pounds  per  square 
inch  is  0.105r^,  for  cast  iron,  0.097^;^;  for  solid  rotating  discs,  for 
steel  the  stress  will  be  0.035r^,  and  for  cast  iron,  0.032i?-,  where 
V  is  the  rim  velocity  in  feet  per  second. 

Theoretically,  the  stress  for  solid  rotating  discs  is  just  one-third 
what  it  is  for  a  rotating  ring.  The  reason  is  that  the  inner  layers 
of  metal  in  the  disc  give  support  to  the  outer  layers. 

Mr.  C alder. — I  was  employed  at  one  works  where  one  of  the 
workmen  was  killed  by  the  bursting  of  an  emery  wheel,  and  we 
began  to  look  around  to  see  what  could  be  done  as  a  safeguard 
against  such  accidents  in  the  future.  One  thing  that  we  did,  was 
to  provide  a  guard  around  the  wheel.  We  got  the  maker  of  the 
wheel  to  make  a  wheel  slightly  convex  on  the  side,  and  we  used 
a  Avasher  which  was  concave.  The  result  was,  as  Professor  Benja- 
min shows  in  his  paper,  that,  when  a  break  comes  from  a  radial 
direction,  the  pieces  break,  it  is  true,  but  they  cannot  fly  out  and 
cause  injury. 

Mr.  H.  A.  Hicliinond. — Professor  Benjamin  refers  to  the  varia- 
tion in  strength  of  diiterent  emery  wheels,  but  fails  to  mention 
one  very  potent  factor  in  this  variation.  T  refer  to  the  grade  of 
hardness.  As  is  well  knoT\Ti,  emery  wheels  are  made  in  a  variety 
of  grades  (each  suitable  for  a  particular  class  of  grinding),  this 
variation  in  hardness  being  effected  principally  by  an  increase  or 
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(locivjisc  in  the  ])r(»|)(»i-ti(m  of  ixnid  lo  ;il)i-Msiv('.  Since  a  hard  wheel 
eeiilaiiis  rehdively  iiioi-e  hdiul  ihan  a  solt  one,  il  shoiihl  he  stronger, 
and  ihis  is  found  to  he  the  fact.  No  very  soft  wheels  appear  to 
have  been  tested  in  Professoi*  Vx'njainin's  experiments,  hut  num- 
bers 10  and  11  a})pear  from  the  <»,iade  marks  to  liave  been  th(i 
softest,  and,  as  stated  in  the  ])aj)er,  tliese  were  tlie  weakest  of  the 
lot.  Had  whe(ds  soft  enoncjli  for  surfaeinp^  tempered  steel  been 
tested,  a  mucli  wid(M'  variation  in  stren^jth  wonl<l  have  been  shown. 


Fig.   152(?. 

1  know  of  some  wheels  used  for  a  special  purpose  which  have  to 
be  made  so  soft  that  breakage  is  not  uncommon,  even  though  they 
are  used  under  the  best  possible  conditions. 

I  hope  Professor  Benjamin  will  make  some  further  tests  with 
special  reference  to  the  grade  of  hardness. 

Mr.  Waldron. — This  paper,  undoubtedly,  fills  a  long-felt  want, 
by  giving  reliable  data  relating  to  the  actual  strength  of  emery 
wheels.  During  the  past  year  this  proposition  has  been  brought 
home  to  the  wa^iter  most  seriously,  as,  in  the  Yale  and  Towne 
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Works,  wo  liavo  luid  three  eiiiei'v  wlieels  l)nrs1  in  oiir  iron  foundry 
i;i'in(ling  room,  from  dift'erent  causes,  in  one  ease  a  man  was 
killed;  in  the  second,  another  was  seriously  injured;  while  in  the 
third,  outside  of  a  larc:e  dent  in  the  ceilinc^,  no  injury  was  done. 

'J'liese  three  accidents,  occurring  within  a  period  of  six  months, 
naturally  raised  the  (]nesti()n  as  to  what  caused  them.  The  writer 
was  directed  to  investigate  the  causes  of  trouble,  and  to  devise 
remedies,  and  has  established  a  method  whereby,  whether  through 
the  carelessness  of  the  men  or  from  any  inherent  fault  of  the 
wheels  or  their  mountings,  accidents  as  serious  as  the  above  should 
be  avoided. 

For  the  benefit  of  those  who  arc  interested,  and  of  humanity  at 
large,  and  as  a  fitting  supplement  to  this  excellent  paper,  the  con- 
clusions so  reached  are  reported  as  follows : 

(1)  That  almost  invariably,  as  stated  by  Professor  Benjamin, 
these  accidents  are  due  to  the  carelessness  of  the  operator. 

(2)  That  grinding  machines,  as  a  class,  are  given  less  attention 
than  any  other  machines  in  a  factory. 

(3)  That  comparatively  few  manufacturers  provide  protective 
guards  for  tlieir  operators. 

(4)  That  improper  rests  are  probably  the  cause  of  more  acci- 
dents than  any  one  thing. 

(5)  That  a  tendency  prevails  to  speed  up  large  and  liea^'y 
wheels,   often  improperly  balanced  on  too  light  a  frame. 

NOTICE. 


MACHINE  NO  2086 


The  Speed  of  this  Machine  is  ISOOrev  per  min. 
'Wheels  Larger  thaiLl&inches  Diameter  MUST 


NOT  be  used  upon  it. 


THE  YALE  &  TO WNE  MFG.  CO. 

Fig.  152e. 


Tin:  uriisTiXG  of  emeky  wheels.  UTO 

(())  Tliat  it  i<  llic  toiKlciicy  nf  almost  evcrv  n|K'rator  tu  use  the 
ciiicrv  wheel  tniiiiir  <leviee,  and  it  seems  to  have  a  special  attrac- 
tion for  a  new  man  in  the  business. 

(7)  That  it  is  the  tendency  of  all  piece-work  operators  in  grind- 
ing-rooms  to  exceed  the  working  speed  limits  of  the  wheels  which 
they  use. 

To  avoid  accidents,  the  following  plan  was  adopted : 

1.  All  grinding  machines  throughout  the  entire  factory  had 
their  speeds  scheduled,  nundx'rs  given  to  the  machines  and  a 
record  of  the  same  kept  in  the  office. 

'2.  All  requisitions  for  emery  wheels  must  state  on  them  the 
number  of  the  machine  on  which  the  wheel  is  to  be  used.  The 
list  in  the  office  is  then  referred  to,  a?id,  if  the  size  of  this  wheel 
conies  within  the  proper  limits  of  periphery  speed  for  the  par- 
ticular machine,  the  requisition  is  passed  to  the  Purchasing  Agent. 

3.  Light  steel  guards  (obtainable  in  the  open  market)  have  been 
placed  on  all  the  machines,  so  far  as  practicable. 

4.  A  special  machine  has  been  designed  for  16-inch  wheels,  and 
extra  heavy  base,  with  very  large  spindle  and  ring  oiling  bearings, 
bolted  to  4  by  0-inch  timbers,  laid  in  concrete.  This  is  pro- 
vided with  substantial  rests,  and  one  speed  only  is  provided  for 
each  machine.  After  the  wheel  is  worn  down  to  a  certain  diam- 
eter, it  is  transferred  to  the  next  machine,  which  makes  a  greater 
number  of  revolutions  per  minute.  Back  of  each  of  these  ma- 
chines a  placard  is  posted,  on  which  is  stated  the  number  of  revo- 
lutions per  minute  and  maximum  diameter  of  wheel  which  is  per- 
mitted to  be  used  on  it.  Grinders  with  cone  pulleys  are  being 
discarded. 

5.  The  emery  wheel  dresser  is  kept  under  lock  and  key,  and 
one  man  is  held  responsible  for  the  truth  and  balance  of  all  wheels. 

n.  Use  of  wheels  with  large  holes  (say  above  2-inch  holes  for 
IG-inch  wheels)  has  been  discontinued. 

With  these  precautions,  it  has  been  found  that  large  Avheels 
can  be  easily  speeded  to  fi, 000  feet  per  minute,  at  the  periphery, 
with  perfect  safety  to  the  operator  and  a  corresponding  increase 
in  production. 

In  tlie  light  of  these  tests  by  Professor  Benjamin,  it  is  evident 
that  a  liberal  factor  of  safety  has  been  provided  by  reputable  mak- 
ers of  emery  wheels,  and  that,  as  a  general  proposition,  the  burst- 
ing of  emerv  wheels  is  directly  traceable  to  r^qrelessness  on  the 
i>art  of  operators,  and  indirectlv  traceable  to  improper  mountings, 
bndlv  desisned  and  poorlv  adjusted  rests,  improper  and  ignorant 
handlinsr  of  the  emerv  wheel  dresser. 
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A    COMPARATIVE   OIL    TEST. 

BY  WILLIAM  P.   PARISU  JR.,  BOSTON,  MASS. 

(Junior  Member  of  the  Society.) 

1.  Of  all  the  methods  of  testing  lubricating  oils  there  is  none 
that  is  quite  so  interesting,  or  that  will  give  so  graphically  and 
in  so  short  a  time  the  effect  of  an  increase  or  a  decrease  in  fric- 
tional  resistance  as  a  dynamometrical  test  upon  a  cotton-spinning 
frame  of  the  ring  type. 

It  is  the  purpose  of  this  paper  to  describe  in  detail  a  short  but 
very  conclusive  test  of  this  nature. 

The  test  was  made  for  the  purpose  of  showing  the  relative 
efficiency  of  two  different  grades  of  oil,  both  of  which  were 
made  for  the  same  kind  of  service — i.e.,  spindle  lubrication. 

One  of  the  oils  has  been  tested  several  hundred  times  in  the 
manner  outlined  in  this  paper,  and  the  main  characteristics 
shown  here  have  been  recorded  in  every  test.  These  tests  have 
been  conducted  in  every  country  where  the  spinning  frame  is  in 
use,  and  the  reduction  in  power  shown  by  this  oil  has  ranged 
from  4.2  per  cent,  as  high  as  32.6  per  cent. 

The  same  general  system  is  employed  in  making  these  tests, 
varying  in  such  details  as  duration  of  test,  number  of  readings, 
etc.  Some  tests  cover  a  week  on  each  oil,  which  is  necessary  if 
a  work  load  and  atmosphere  variable  is  to  be  averaged. 

In  the  test  here  given  the  work  load  was  taken  for  half  an 
hour  just  previous  to  doffing,  which  is  done  when  the  bobbins 
are  full,  and  for  the  same  length  of  time  when  the  bobbins  were 
just  beginning  to  fill.  Readings  were  secured  with  both  oils 
under  these  conditions. 

After  these  preliminary  readings,  others  were  taken  upon  bare 
spindles,  i.e.,  the  bobbins  were  taken  off  and  the  delivery  of  rov- 

*  Presented  at  the  Saratoga  meeting  (June  1903),  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Trans- 
actions. 
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ing  stopped  by  throwing  out  the  two  biick  drawing  rolls,  leaving 
on  tlio  front  rolls  only, which  with  the  traverse  motion,  spindles 
and  cylinder  constituted  the  test  load,  uninfluenced  by  any  vari- 
able factor  of  work. 

The  oil  used  influenced  approximately  92  per  cent,  of  this 
entire  load. 

Spinning  Frame. 

2.  The  test  was  made  at  the  Union  Cotton  Manufacturing 
Company's  mill  No.  2,  Fall  Kiver,  Mass.,  U.  S.  A.,  upon  a 
Whitin  frame  of  the  following  general  specifications  : 

288  Medium  Gravity  Spindles, 
f-inch  Whorl. 
7-inch  Cylinder. 
14-inch  Driving  Pulley. 
1  f-inch  Ring. 
17  per  cent.  Traveler. 
5^-inch  Filling  traverse  motion. 

'  This  frame  was  working  under  the  following  conditions  : 

40's  filling. 

27.5  lbs.,  weight  of  288  full  bobbins. 
14         "  "      "   288  empty    " 

13.5     "     yarn  to  a  full  frame. 
90     bands  to  the  pound. 
2 .  31  lbs.  average  band  pull. 

The  spindles  Avere  of  the  '^  bath  "  or  ^^  submerged  type,"  and 
ran  in  an  uncovered  iron  bolster  which  was  fitted  into  the  base. 

These  bases  hold  the  oil,  about  5  pints  being  required  on  a 
frame  of  this  size  to  fill  them  full.  While  the  frame  is  in  opera- 
tion oil  is  added  to  that  in  the  bases  at  intervals  of  from  two  to 
sev^en  Aveeks.  Oil  that  has  to  be  confined  in  these  bases  and 
operated  upon  at  the  required  s[)indle  speed,  which  in  the  pres- 
ent case  was  about  8,400  revolutions  per  minute,  must  neces- 
sarily be  properly  constructed.  Any  tendency  of  an  oil  to  gum 
or  leave  a  deposit,  to  break  down  or  wear  out  will  show  up  very 
quickly  under  these  working  conditions. 

The  oil  which  showed  the  lowest  horse-power  reading,  and 
herein  referred  to  as  F,  was  first  used  in  August,  1902,  having 
at  that  time  displaced  the  oil  herein,  referred  to  as  X. 
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Tlie  test,  when  started,  was  made  upon  tlie  frame  exactly  as 
found,  no  preparation  whatever  being  made.  Part  of  the  oil  in 
the  spindle  bases  had  probably  been  there  for  the  greater  part 
of  six  months. 

In  order  to  ascertain  whether  or  not  this  V  oil  had  lost  any  of 
its  efficiency  a  check  test  was  made  with  all  conditions  the  same, 
except  that  the  spindle  bases  had  been  pumped  out,  the  bolsters 
and  spindles  washed  with  naptha,  and  new  oil  placed  in  the 
bases. 

These  two  tests  vary  only  j^q  of  a  horse-power,  showing  that 
the  oil  had  lost  none  of  its  efficiency  through  continued  service. 

Instruments. 

3.  An  exceptionally  sensitive  Emerson  dynamometer  was  used. 
This  is  a  compact  instrument,  which  is  fitted  to  the  end  of  the 
drum  shaft,  outside  of  the  loose  pulley. 

The  instrument  for  descriptive  purposes  is  practically  in  two 
parts. 

One  part  is  fastened  to  the  shaft  and  carries  the  arms,  levers, 
reducing  links,  revolution  counter,  and  the  quadrant. 

The  other  part,  fitted  over  a  sleeve  on  the  back,  is  practically 
a  dog  plate  engaged  by  two  studs  in  the  arms  or  disk  of  the 
loose  pulley. 

In  operating  the  instrument  the  belt  is  thrown  from  the 
loose  to  the  tight  pulley.  After  the  frame  is  up  to  speed, 
and  the  loose  pulley  is  carried  at  this  same  speed,  a  sliding 
bolt  is  thrown  from  the  instrument  proper  and  is  caught  by 
one  of  the  ears  on  the  dog  plate  which  is  fastened  to  the  loose 
pulley. 

This  makes  the  loose  pulley  a  tight  pulley,  and  as  the  belt  is 
thrown  over  on  the  loose  pulley,  the  weight  of  the  frame  is  car- 
ried through  the  levers  in  the  instrument  and  is  registered  on 
the  quadrant. 

In  connection  with  this  dynamometer  a  tachometer  is  used, 
but  in  the  present  case  it  was  found  impossible  to  secure  as  great 
accuracy  as  was  desired,  owing  to  the  difficulty  in  estimating 
the  average  movement  of  pointer  to  within  two  or  three  revo- 
lutions. 

A  Guggenheim  tachoscope  was  therefore  used.  This  instru- 
ment, which  is  of  Swiss  manufacture,  is  a  clever  combination  of 
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a  stoj)- watch  and  a  ivvolution  counter,  both  of  which  go  into 
action  at  the  same  time. 

Horn's  tachometer,  made  in  Germany,  was  used  for  register- 
ing spindle  speeds,  5  spindles  lacing  selected  and  their  average 
speed  taken. 

A  special  spiral  spindle-base  thermometer,  a  wet  and  dry  bulb 
]iy<rrometer  for  ascertaining  relative  humidity,  and  a  Draper 
band  tension  scale  completed  the  equipment. 

Conclusion. 

4.  Before  considering  the  results  shown  by  tTiis  test  it  may  be 
well  to  outline  the  various  effects  Avhich  should  result  from  the 
use  of  a  spindle  lubricant. 

The  spindle  is  driven  by  a  band  made  of  twisted  roving.  In 
the  present  case  90  of  these  bands  weighed  1  pound.  These 
bands  are  put  on  over  the  drum  and  around  the  whorl  of  the 
spindle,  and  are  tied  so  that  they  exert  a  pull  of  possibly  5  to  7 
pounds.  After  running  they  stretch  to  different  tensions,  aver- 
aging on  this  test  2.31  pounds. 

Under  this  pull  the  spindle  will  be  driven  at  a  certain  loss  or 
sli]^page  which  is  proportional  to  the  amount  of  fluid  or  abrasive 
resistance  around  the  spindles. 

Resistance,  either  fluid  or  abrasive  will  produce  heat. 

Extra  spindle  resistance  with  the  consequent  higher  driving 
power  required  will  produce  greater  belt  slippage. 

Assuming  a  condition  produced  by  a  poor  lubricant,  and  sub- 
stituting one  more  ada])ted  to  the  work,  the  result  should  be  a 
lessened  spindle  resistance,  the  consequent  heat  should  be  re- 
duced and  the  slip])age  of  l)an(l  and  belt  should  be  lessened, 
allowing  both  to  drive  nearer  to  the  maximum  or  theoretical 
speed,  thereby  increasing  production. 

In  the  present  case  the  horse-power  to  drive  the  frame  was 
reduced  14.08  per  cent. 

The  actual  temperature  or  rise  of  spindle  base  Avas  reduced 
2.79  degrees  Fahr. 

The  cylinder  speed  increased  3.6  revolutions  per  minute,  and 
spindle  speed  60  revolutions  per  minute. 

This  checks  conclusively  by  all  the  various  effects  the  reduc- 
tion in  power  caused  by  more  perfect  luln'ication. 

5.  The  temperature  of  the  room  was  favorable  to  the  oil 
which  made  the  poorer  showing,  as  it  was  somewhat  warmer. 
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Explanation  op  Charts. 

Chart  No.  I. 

Beginning  -^ith  the  first  reading  of  the  lower  line,  representing  power  indicated 
under  V  oil  with  the  frame  as  found. 

The  frame  was  started  cold,  spinning  with  bobbins  filling,  to  full. 

Average  horse-power 3 .  024 

The  frame  was  then  doffed.     Bobbins  empty. 

Average  horse-power 2 .  80 

Frame  with  bare  spindles,  traverse  motion  and  front  roll  only. 

Average  horse-power 2 .  40 

The  upper  line  represents  the  power  required  with  X  oil  under  the  same  con- 
ditions except  the  bases  had  been  pumped  out,  bolsters  and  spindles  cleaned  with 
naptha  befoj^  the  X  oil  was  introduced. 

Frame  cold.     Spinning  with  bobbins  filling,  to  full. 

Average  horse-power  3 .  75 

Frame  doffed.     Bobbins  empty. 

Average  horse-power 3 .  35 

Frame  with  bare  spindles,  traverse  motion  and  front  rolls  only. 

Average  horse-power 2 .  90 

Chart  No.  II. 

This  shows  tests  made  for  two  hours  on  each  oil  upon  bare  spindles,  traverse 
motion  and  front  roll  only.  The  spindle  bases  were  pumped  out  and  bolst-crs 
and  spindles  cleaned  in  naptha  previous  to  each  test  before  the  oil  was  placed  in 
the  spindle  bases. 

The  upper  dotted  line  shows  the  actual  rise  in  temperature  as  sho-^n  by  the 
spindle  base  thermometer  during  two  hours  run  on  X  oil,  starting  cold. 
Average 16 .  18'  Fahr. 

The  lower  dotted  line  shows  the  rise  in  temperature  with  V  oU, 
starting  cold. 
Average 13 .  39^  Fahr. 

A  reduction  of 2 .  79°  Fahr. 

The  upper  full  line  shows  the  power  required  with  X  oil, 
starting  cold. 
Average  horse-power  for  two  hours 2 .  904 

The  lower  full  line   shows  the   power  required   with  V  oil; 

starting  cold. 

Average  horse-power  for  two  hours 2 .  495 

With  work  conditions  the  same  V  oil  shows  a  reduction  in 

power  of 14 .  08  per  cent. 
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Comparative  Table  of  Averages. 


X  Oil. 

norse-powcr 2 .  904 

R.  P.  M.  cylinder 963.7 

R.  P.  M.  spindle 8,380 

Temperature  spindle  base,  °  Fahr.     93 .  44 
"  room  "  77.26 

"  actual  "  16.18 

Relative  humidity  per  cent 45 .  22 

Band  pull 2.31 


V  Oil. 

Difference. 

2.495 

14.08  pfircent, 

967.3 

3.6  R.  P.  M. 

8,440 

60  R.  P.  M 

88.05 

74.66 

13.39 

2.79°F'ahr. 

50.02 

2.31 
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TURBIXE  Fl.OW    RErni?nER.\ 

BV    C.     M.    ALLEN',    WORCESTKI!.    MASS. 

(Junior  Member  of  the  Society.) 

1.  AVherevek  water-power  is  sold  it  is  customary  to  use  the 
turbines  as  meters  to  keep  an  accurate  account  of  water  used 
by  different  consumers. 

2.  The  usual  method  employed  is  to  obtain  daily  two  or  three 
records  of  the  existing-  conditions  under  which  the  turbines  are 
working,  the  most  important  items  being  the  gate  opening  and 
head.  The  speed  is  usually  a  constant  factor.  Then  from  tables 
and  curves  made  up  from  previous  tests  of  those  turbines,  either 
at  the  Holyoke  flume  or  on  the  ground,  data  are  obtained  from 
which  to  compute  with  a  fair  degree  of  accuracy  the  actual  dis- 
charge. This  is  referred  to  a  given  head  and  thence  reduced  to 
mill-powers,  the  values  of  which  vary  with  the  locality.  For 
instance,  a  mill-power  at  Ilolyoke  is  3S  cubic  feet  per  second  dis- 
charging under  a  head  of  20  feet,  corresponding  to  85.2  theoreti- 
cal horse-power.  A  mill-power  at  Lowell  is  30  cubic  feet  per 
second  discharging  under  a  head  of  25  feet,  corresponding  to 
SG.4  theoretical  horse-power,  while  at  Minneapolis  a  mill-power 
is  30  cubic  feet  per  second  discharging  under  22  feet,  correspond- 
ing to  75  theoretical  horse-power. 

3.  The  time  of  taking  the  dailv  observations  is  continuallv 
changed,  and  in  the  long  run  it  is  supposed  that  an  approximate 
average  will  be  obtained. 

i.  The  object  in  designing  this  turbine  flow  recorder  was  in 
part  to  do  away  with  the  manual  labor  connected  with  the  svs- 
tem  just  mentioned,  as  well  as  to  get.  if  possible,  a  more  accur- 

*  Presented  at  tbe  Saratoo-a  meetiug  (.Tuue,  1903)  of  the  American  Societv 
of  3Iecliauical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows  : 
No.  533,  vol.  xiv.,  p.  676  :  "  Water  Measurements."     F.  Lux. 
No.  134.  vol.  v.,  p.  63  :  "  Tilting  Water  Meter."     J.  C.  Hoadley. 
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ate  record  of  the  actual  discharge  in  that  readings  are  registered 
much  more  frequently ;  these  being  taken  once  a  minute  instead 
of  two  or  three  times  a  day.  This  device  records  automatically 
the  total  quantity  of  water  discharged  by  the  turbine.  It  really 
makes  a  water  meter  out  of  the  turbine,  using  the  vanes  of  the 
turbine  as  the  vanes  of  the  meter,  and  readings  are  taken  from 


Fig.  155. — Fjjont  View  of  Single  Cylinder  Recorder. 


the  dials  in  the  same  manner  as  from  the  ordinary  water  meter. 
In  other  words,  this  device  records  the  total  quantity  of  water 
passing  through  a  given  turbine  with  a  variable  gate  opening 
and  acting  under  a  variable  head.  In  places  where  the  head  is 
practically  constant  a  single-cylinder  type  of  recorder  is  used, 
which  deals  only  with  a  variable  gate  opening.  In  places  where 
the  head  varies  sufficiently  to  be  taken  into  account  a  second 
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cylinder  is  used  and  c-omjKMisatc's  the  final  reading  for  the  varv- 
ing  head.  In  places  where  the  head  varies  the  important  ques- 
tion is  not  liow  much  water  is  used  alone,  but  how  much  water 
and  under  vrhat  head,  or,  in  other  words,  how  much  available 
power  is  sujiplied.  This  last  question  can  be  answered  by  the 
two-cylinder  type  of  recorder,  provided  a  record  of  the  head  is 
also  kept,  although  a  third  type  of  recorder  has  been  devised 


Fig.  156. — Rear  View  of  Single  Cylinder  Recorder. 


which,  instead  of  rej^fisterino-  cul)ic  feet  discharofed,  ogives directlv 
mill-power  hours. 

5.  The  machine  is  best  described  Ijy  considering  first  the 
single-cylinder  type  for  unvarying  heads,  shown  in  front  and 
rear  views  in  Figs.  155  and  156  and  in  jDOsition  connected  with  a 
horizontal  shaft  turbine  in  Fig.  157. 

6.  It  is  obvious  that  were  the  load  on  a  turbine  such  as  to  call 
for  uniform  speed  at  full  gate,  a  counting  register  driven  by  the 
wheel  could  l)e  made  to  give  a  correct  record  of  the  amount  of 
water  used,  and  that  this  register  might  be  graduated  from  a 
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test  of  the  wheel  as  to  give  its  readings  in  cubic  feet  of  water. 
Were  the  speed  constant  and  the  discharge  proportional  to  the 
gate  opening  the  correct  reading  for,  say,  lialf  gate  would  be 
obtained  by  stopping  the  register  one-half  of  the  time  and  for 
three-quarters  gate  opening  by  stopping  the  register  one-quarter 
of  the  time.  This  is  the  essential  principle  of  the  machine,  but, 
as  a  matter  of  fact,  the  discharge  is  not  proportional  to  the  gate 


Fig.  157. — Single  Cylinder  Recorder  Connected  to  Tcrbine. 


opening,  being,  for  half  gate,  materially  in  excess  of  half  that 
due  to  a  full  gate,  and  allowance  must  be  made  for  this. 

7.  Referring  to  Figs.  155  and  156,  a  vertical  cylinder  will  be 
seen  having  at  its  bottom  a  worm  wheel  which  is  driven  by  a  worm 
(slipped  to  the  left  and  out  of  gear  in  Fig.  155)  which,  in  turn,  is 
driven  by  the  turbine,  the  proportions  of  the  parts  being  such 
that  the  cylinder  makes  one  complete  turn  per  minute.  This 
cj^linder  drives  the  register  above  it  by  the  vertical  splined  shaft 
at  the  right  of  the  cylinder  in  Fig.  155  and  at  the  left  in  Fig.  156. 
Upon  the  cylinder  is  a  raised  surface  extending  the  whole  length 
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and  haviiit^  one  o(l<i{»  vcMlical,  as  soon  in  Fi«,^  \:>:k  Init  tlicotlier 
edge  curved,  as  seen  in  both  illustiations.  Tlie  pi'oiile  of  tliis 
curve  is  such  tliat,  the  vertical  distance  from  the  ])ottoni  of  tlie 
cylinder  re])resenting  the  gate  oi)ening,  the  circumferential  length 
of  the  raised  sui-face  at  any  distance  above  the  bottom  represents 
the  discharge  of  the  wheel  nt  a  corresponding  gate  0])ening,  as 


Fig.  158. — Double  Cylinder  Recorder. 


obtained  from  an  efficiency  test  of  the  wheel.  The  s])lined  shaft 
is  driven  by  a  roller  a  carried  in  a  housing  which  slides  upon  the 
shaft,  the  roller  driving  the  shaft  and  register  above  whenever 
it  is  in  contact  with  the  raised  surface,  the  vertical  position  of 
the  housing  and  roller  being  determined  by  connection  with  the 
gate  shaft,  which,  in  turn,  is  controlled  by  the  governor.  To 
insure  positive  driving  of  the  register  whenever  the  roller  is  in 
contact  with  the  raised  surface,  both  have  grooves  or  teeth  cut 
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upon  tlieiii  which  are  fine  enougli  to  insure  engagement  without 
(liliiculty. 

8.  The  connection  of  the  recorder  to  the  turbine  will  be  clear 
from  Fig.  157,  the  vertical  cylinder  being  driven  by  the  belt  from 
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Americun  MachinUt, 

Fig.  159.— Tail-eace  Phessure  Diaphragm. 


the  overhead  shaft,  while  the  housing  and  roller  are  connected 
to  the  gate  shaft  by  sprocket  w^heels  and  chain  in  such  manner 
that,  as  the  governor  opens  the  gate,  the  roller  is  raised,  while 
as  the  gate  is  closed  the  roller  is  lowered. 
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9.  In  the  second  form  of  tlie  macliino  sliown  in  Fig.  ir)S,  which 
applies  to  wheels  operating  under  botli  variable  gate  opening  and 
varial)le  head,  the  vertical  C3dinder  of  the  machine  described 
above  does  not  turn  the  register  directly,  but,  instead,  drives 
a  second  upper  cylinder  which  in  turn  di-ives  the  register.  The 
second  cylinder  has  a  raised  driving  surface  similar  in  general 
character  to  that  of  the  first  one,  the  profile  of  which  represents 
the  varying  discharge  under  variations  of  head,  the  register 
driving  roller  of  this  cylinder  being  adjusted  vertically  by  a 
pressure  diaphragm  submerged  in  the  tailrace.  The  action  of 
the  two  raised  surfaces  are  thus  compounded  in  the  final  read- 
ings of  the  register. 

10.  In  Fig.  158  the  roller  a  is  adjusted  vertically  by  connection 
with  the  gate  shaft  as  already  described.  It  drives  the  s])lined 
shaft  5,  which,  in  turn,  drives  pinion  c  and  the  upper  cylinder 
through  the  complete  gear  at  its  top.  The  raised  surface  of  the 
upper  cylinder  drives  toothed  roller  d^  which  is  loose  upon  shaft  h 
and  acts  as  an  idler  to  drive  roller  ^,  w^hich  is  splined  to  shaft  / 
and  is  carried  in  a  vertically  adjustable  housing  r/,  similar  to  tlie 
one  which  carries  roller  «,  the  vertical  position  of  this  housing 
determined  by  its  connection  with  the  pressure  diaphragm  rep- 
resenting the  head  under  which  the  turbine  is  working  at  the 
moment.  At  full  head  the  housing  g  will  be  at  the  bottom  of 
its  movement  when  the  raised  surface  is  continuous  and  the  read- 
ings will  be  similar  to  those  of  the  first  machine,  the  upper  cyl- 
inder and  wheels  d  and  e  acting  as  simple  idlers.  Should,  how- 
ever, the  water  in  the  tailrace  rise  and  thus  reduce  the  pressure 
on  the  wheel  and  the  discharge  for  a  given  gate  opening,  hous- 
ing g  will  be  raised,  and,  the  raised  surface  of  the  upper  cylinder 
being  at  this  point  interrupted,  a  pause  due  to  this  interruption 
w411  be  introduced  in  the  movement  of  the  register.  The  profile 
of  the  raised  surface  of  the  upper  cylinder  is  plotted  from 
tests  of  the  wheel  under  varying  head  as  the  profile  of  the  lower 
one  is  plotted  from  the  tests  under  varying  gate  opening. 

11.  The  register  immediately  above  the  upper  cylinder  is  a 
revolution  counter  for  the  wheel.  Pointers  extend  from  the  two 
housings  to  the  right-hand  frame  upright  w^hich  carries  scales  by 
which  the  gate  opening  and  head  may  at  all  times  be  read. 

12.  The  tailrace  pressure  diaphragm  is  shown  in  Fig.  159.  It 
is  submerged  belo\v  the  lo\vest  tailrace  level,  so  that  the  tailrace 
water  alwa3^s  acts  upon  its  upper  side.     The  lower  side  is  con- 
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nected  by  a  tube — filled  with  oil  to  prevent  freezing — with  the 
turbine  case.  Tlie  net  actuating  pressure  on  the  diaphragm  is 
thus  the  pressure  due  to  the  difference  in  heads  in  the  two  sides 
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Fm.  160. — Double  Cylinder  Recorder  Connected  to  Turbine. 

of  the  diaphragm.  This  actuating  pressure  is  resisted  by  a 
spring,  and  the  movement  of  the  diaphragm  is  communicated  by 
the  rod  a  to  the  housing  g  of  Fig.  158  by  means  of  the  rod  h  of 
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VU^.  158,  as  sliown  in  Fig.  lOU,  which  also  shows  the  connection 
with  the  gate  sliaft. 

18.  As  described,  the  niacliines  register  the  cubic  feet  of  water 
passing  the  wlioel.  With  a  constant  head  this  is  proportional  to 
and  an  index  of  the  power  consumed,  but  under  a  variable  Iiead 
this  being  no  longer  the  case,  a  third  modification  of  the  machine 
has  been  devised,  in  which,  by  a  change  in  tlie  profile  of  the 
raised  surface  of  the  ui)per  cylinder,  the  register  is  made  to  read 
directly  in  mill-power  hours. 

14.  Tests  of  a  sample  machine  designed  from  Ilolyoke  tests  of 
a  turbine  show  variations  of  from  a  fraction  of  1  per  cent,  to  not 
over  3  per  .cent,  under  varying  gate  opening  and  under  a  head 
of  from  30  down  to  18  feet.  If  curves  had  been  plotted  from 
tests  on  the  ground  the  results  would  practically  check. 
64 
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AN  INDICATING   ANGLEMETER, 

BY  C.  E.  SARGENT,  CHICAGO,  ILL. 

(Member  of  the  Society.) 

1.  Ever  since  it  has  been  desirable  to  operate  alternating  gen- 
erators in  parallel,  the  question  of  getting  a  prime  mover  the  an- 
gular velocity  variation  of  which  shall  come  within  the  limits  pre- 
scribed by  the  generator  manufacturers,  has  been  an  important 
consideration.  When  Corliss  engines  were  first  used  for  incandes- 
cent direct-current  lighting,  many  of  them  had  such  light-weight 
fly-wheels  that  an  observer  could  count  the  revolutions  of  the 
engine  by  the  variations  in  candle-power  of  the  lamps.  Generally 
speaking,  the  heavier  the  fly-wheel — other  things  being  equal — the 
less  will  be  the  angular  velocity  variation  during  a  rotation;  but 
the  heavier  the  fly-wheel  the  greater  the  first  cost  and  the  more 
power  required  to  revolve  it  in  its  bearings;  hence  a  fly-wheel 
just  heavy  enough  to  vary  less  than  the  maximum  allowed  is 
more  economical  than  one  of  greater  weight. 

In  order  to  be  able  to  determine  at  sight  the  actual  maximum 
variation  in  steam-engine  fly-wheels,  and  more  expressly  \\\  the 
fly-wheels  of  internal  combustion  engines  with  which  the  writer 
has  more  to  do,  the  instrument  herewith  described  was  designed. 
In  order  to  be  practical,  such  a  device  must  be  applicable  to  any 
engine;  it  must  be  portable,  easily  attached,  substantially^  built 
and  direct-reading,  and  it  is  believed  that  this  instrument  will 
fill  these  requirements. 

2.  If  a  light  pulley  is  driven  by  the  engine  shaft  with  a  flex- 
ible, inelastic  belt,  it  should  vary  in  speed  commensurate  with 
that  of  the  engine.  If  a  heavy  fly-wheel  at  a  high  velocity  is 
kept  in  motion  by  a  tension  spring  having  a  practically  uniform 
pull,  there  should  be  no  change  from  a  uniform  velocity  during 

*  Presented  at  tlie  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  tlie  Trans- 
actions. 
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a  revolution  of  tlio  onain(\  Tlio  dovicc^  licr-cin  dcsci-ilxMl  indi- 
cates in  circular  measure  the  variation  of  I  lie  (Mi^ine  llv-wlieel 
from  a  uniform  velocity. 

Fiff.  101  is  a  side  view  of  tlie  device,  which  hereafter  will  he 


called  an  anirlemeter 


Fig.  IGl. 


Fig.  lCr2  is  an  end  view  showing  the  graduated  dial  and  alu- 
iiiinum  needle. 

Fig.  1()3  is  a  vertical  longitudinal  section  through  the  centre. 

Fig.  IGl:  an  end  view  with  the  dial  removed. 

Fio^.  105  a  transverse  section  throuofh  centre. 

?>.  The  anglemeter  consists  of  a  lieavv  main  frame  and  base, 
and  two  uprio-hts  with  bearino-s  on  each  which  carrv  the  niovincr 
parts. 
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The  sliaft  A,  Fig.  1(53,  to  wliicli  tlio  intermediate  bevel  pinion 
axis  D  and  the  segment  J^^  are  rigidly  attached,  carries  the  iiy- 
wlieel  and  bevel  gear  B,  the  driving  pulley  0  and  the  gear  ^"; 
the  latter  are  fastened  together  by  the  feather  /. 

The  rotation  of  the  shaft  A  and  the  parts  fixed  to  it,  is  limited 
by  the  stops  Ii,  Fig.  1(55.    Motion  of  this  shaft  and  segment  7^' is 


Fig.  162. 


transmitted  to  the  pinion  G  and  segment  J^^'  and  the  pinion  G', 
which  is  loose  on  the  pin  Jf,  and  carries  the  needle  0. 

This  oscillating  brass  shaft  has  a  small  hole  from  end  to  end 
which,  with  the  transverse  holes,  distributes  oil  to  all  working 
parts  without  waste  from  the  one  oil  cup  shown  in  Fig.  161 . 

The  driving  pulley  O  is  made  very  light,  with  two  diameters 
for  high  and  slow  speed  engines,  and  is  fastened  to  gear  £'  by  the 
feather  /and  nut  P. 

The  axis  D  is  held  in  a  vertical  position  by  the  two  opposed  tor- 
tion  springs,  Fig.  165.  By  using  two  springs  under  tension  a  large 
movement  for  a  small  increment  is  obtained,  and  the  anglemeter 
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may  he  run  in  (MtluM*  direction ;  Jind  when  ininninf^,  a  proper  iid- 
justnieiit  of  the  tension  nuts  brin^^s  tiui  needle  to  a  veilical 
position  on  the  diaL  A  hair  sprin<^'  around  t\n\  ])inion  {r\  not 
shown  in  the  cut,  eliminates  any  lost  motion  in  the;  multi[)lyin^ 
gear.  The  an<^kMneter  is  driven  by  a  belt  from  some  ])art  of  the 
engine  shaft,  ^vllich  through  the  intermediate  bevel  pinion  and 
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Fig.  163. 


the  tension  springs,  drives  the  fly-wheel  in  the  opposite  direction 
at  a  uniform  velocity. 

If  the  tension  of  the  springs  which  tend  to  hold  the  inter- 
mediate bevel -pinion  axis  in  a  vertical  position  is  equal  to  the 
pull  necessary  to  keep  the  fly-wheel  rotating  at  a  constant  speed, 
then  a  change  in  the  angular  velocity  of  the  driving  pulley  which 
varies  with  the  change  of  the  engine  speed  allows  the  axis  of  the 
bevel  pinion  to  vary  one-half  the  angle  of  driving  pulley. 

4.  If  the  diameter  of  the  pulley  on  engine  shaft  is  such  that 
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the  velocity  of  the  «inglcineter  is  Y.2  times  faster  than  the  en- 
gine, its  anguhir  variation  during  one  rotation  of  the  engine  will 
be  7.2  times  greater,  and  tlie  angular  variation  of  the  axis  of 
intermediate  bevel  pinion  from  a  vertical  or  normal  position  will 
be  3.C)  times  greater  than  that  of  the  engine;  and  the  needle^ 
which  has  an  angular  movement  100  times  greater  than  the  bevel- 
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Fig.  164. 


pinion  shaft,  will  therefore  have  360  times  the  angular  move- 
ment of  the  engine  fly-wheel  from  a  uniform  rotation.  There- 
fore if  the  engine  fly-wheel  should  vary  one  degree  during  a 
rotation,  the  needle  on  the  dial  would  vary  360  degrees,  or  make 
a  complete  half  revolution  eajch  side  of  the  normal  position. 

As  the  dial  has  360  divisions  or  degrees,  one  minute  variation 
of  the  engine  shaft  would  show  six  degrees  on  the  dial,  and  ten 
seconds  variation  of  the  engine  would  show  one  degree  on  the 
dial. 
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5.  A  belted  tacliometer  from  the  an«,Heineter  11  y-\vheel  shows  a 
uniform  speeil  under  extreme  angular  variations  of  engine  fly- 
wheel, which  might  be  exj^ected,  however,  when  we  consider 
that  for  a  variation  of  one  degree  of  engine  the  change  in  the 
length  of  springs  is  less  than  J  of  an  inch,  and  that  f<jr  a  varia- 
tion of  one  minute  the  length  of  springs  varies  less  than  .004  of 
an  inch. 

If,  however,  an  engine  is  racing,  the  speed  of  the  anglemeter 
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Fig.  165. 


fly-wheel  will  rise  and  fall  in  proportion  to  that  of  the  engine, 
for  it  ]nakes  in  a  minute  some  multiple  of  the  engine  speed. 

The  belt  which  is  used  to  drive  the  anglemeter  is  a  piece  of 
special  cotton  tape  one  inch  wide,  butt-jointed  with  an  ordinary 
over-cast  stitch,  which  makes  it  practically  endless;  and  as  there 
is  no  perceptible  stretch  and  but  little  inclination  to  creep,  the 
speed  of  the  light  driving  pulley  of  the  anglemeter  should  vary 
exactly  with  the  engine  speed. 

6.  The  amount  of  deflection  of  the  needle  each  side  of  normal 
is  readily  seen  when  the  anglemeter  is  in  operation,  ^hen  applied 
to  a  gas  engine  working  under  normal  conditions,  having  two 
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impulses  per  revolution,  ;is  f^ood  results  are  obtained  as  from  a 
single-crank  steam-engine,  but  if  abnormal  conditions  arise,  such 
as  ])reniature  or  missed  ignitions,  the  troul)le  is  at  once  located 
by  the  needle's  unusual  def1(H:tions. 

On  account  of  the  possible  fiiction  in  tracing  the  movement 
of  the  needle  point  and  the  complicated  inechanism  of  a  moving 
chart,  it  has  been  tliought  best  not  to  make  the  anglemeter 
recording,  and  it  is  therefore  styled  an  indicating  anglemeter. 

Discussion. 

Mr.  Gus  C.  Ilemnng. — 1  wish  to  object  to  the  title  of  this 
paper.  It  should  be  goniometer,  which  is  the  common  name 
for  instruments  used  for  measuring  angles.  I  think  our  publi- 
cation committee  should  modifv  this. 

Mr,  Sargent/'' — In  reply  to. the  objection  raised  by  Islv.  Ilen- 
ning  to  the  use  of  the  word  anglemeter  and  his  suggestion  of 
the  substitution  of  the  term  goniometer,  I  w^ould  say  that  the 
dictionary  describes  the  latter  as  an  instrument  for  measuring 
solid  angles,  or  the  inclination  of  planes,  particularly  the  angles 
formed  by  the  faces  of  crystals.  It  is  therefore  hardly  applica- 
ble to  the  instrument  in  question  which  measures  angular  varia- 
tion, and  I  believe  that  the  term  which  I  have  chosen  is  the  best. 

*  Autlior's  Closure,  under  the  Rules, 
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A   DESCRIPTIOX   AM)   TEST   OF    A   400   KAV.    TURBO-CJKXERATOU. 

BY   FUEDK.    A.    WALUnOX,    STAMFORD,    CONN. 

(^lembcr  of  the  Society.) 

1.  The  steam  turbine  which  this  paper  Trill  describe  is  in- 
stnlled  at  the  works  of  the  Yale  &  Towne  Manufacturing  Co., 
Stamford,  Conn.,  and  is  the  first  one  of  its  size  (outside  of  those 
oj^erated  by  the  buikiers)  to  be  put  into  practical  operation  in 
this  country.  It  is  the  writer's  intention,  therefore,  to  irive  not 
only  an  account  of  its  installation  and  operation,  but  also  data 
from  the  boiler  room  to  a  brake  horse-power  delivered  from  the 
driving  pulley  of  the  motor. 

After  a  thorough  investigation  by  the  writer,  in  the  early  part 
of  1901,  it  was  decided  to  install  a  Westinghouse-Parsons  steam 
turbine  for  the  following  reasons: 

(1)  Floor  space. 

(2)  Economy. 

(3)  Continuous  operation  of  existing  plant  during  installation 
of  the  new.     (See  Fig.  16G,  Power  House,  Building  Xo.  13.) 

TJie  Prohlem  was,  Therefore,  to  Concentrate  the  Largest  Amount 
of  Power  in  the  Smallest  Possible  Area  Consistent  with  Eco- 
nomical Operation, 

2.  The  generating  outfit  consists  of  a  two-phase,  2'10-volt 
alternator,  of  400  kilowatts  capacity  (when  the  turbine  was  run- 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  ^[eclianicul  Eagineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  furtlier  discussion  oi  tlrs  topic,  cor.sult  Transactions  as  follows:— 
No.  345,  vol.  X.,  p.  680  :  "Notes  on  Steam  Turbine."     J.  B.  Webb. 
No.  648,  vol.  xvii.,  p.  81  :  "  Steam  Turbine.'"     W.  F.  M.  Goss. 
No.  876,  vol.  xxii.,  p.  170  :   "  Sieam  Turbines."     l\.  H.  Tliurston. 


TON 
O 


O  O  (B)  o  o 

O  O  Q  O  ® 

i^  ^   ^  ^ 


f^O  @  o   o 
*"    §    ;^     X 


THE    STEAM    TUKBINE   FUOM    AN    OPEUATING    STANDI'OINT.        l<'<ll 

ning  condensing,  and  {\\c  power  factor  of  the  ultcrniitor  was 
from  00  to  100  per  cent.),  7,200  alternations,  running  at  '5,r,00 
revolutions  ])er  minute,  with  a  se])arate,  direct-connected  excitijr 
set.  The  alternator  is  of  the  revolving  Held  type,  and  the  sur- 
face speed  of  the  Held  is  22,LS7  feet  ])er  minute.  The  weight  of 
the  outlit  is  33,200  ])()unds,  and  occupies  a  floor  space  10  feet  by 
4-J  feet.  (See  Fig.  170.)  The  guaranteed  economy  was  l(>i  pounds 
of  water  per  electrical  horse-])ower  at  the  switchboard,  with  28 
inches  of  vacuum,  40  degrees  Fahr.  superheat,  and  155  pounds 
gauge  pressure.  Tests  for  economy,  under  slightly  different  con- 
ditions, reported  later  in  this  paper,  will  show  how  nearly  the 
guarantee  was  reached.  This  opens  the  question  of  what  is  the 
av^erage  ratio  between  an  indicated  horse-power  at  the  engine 
and  an  electrical  horse-power  at  the  switchboard. 

The  electrical  end  of  the  machine  is  not  compounded,  and  the 
variation  in  voltage  depends  entirely,  within  certain  limits,  upon 
the  load  and  position  of  rheostats.  Speed  regulation  is  very 
close  and  perfectly  satisfactory.  A  true  kilowatt  overload  of 
S3i  per  cent,  has  been  carried  for  Qve  consecutive  hours,  without 
apparent  injur3^  to  the  machine.  Owing  to  the  low  power  factor, 
however,  the  heat  developed  in  the  field  and  terminals  was  much 
higher  than  is  allowable  in  good  practice.  When  thus  over- 
loaded, the  volt  meter  had  to  be  closely  watched,  in  order  to 
care  for  any  suddenly  applied  load  with  the  rheostat. 

3.  At  present,  the  condenser  plant  consists  of  a  surface  con- 
denser, containing  1,100  square  feet  of  cooling  surface,  with 
independent  air  and  circulating  pumps.  The  air-pump  is  of  the 
simplex,  twin  beam,  vertical  type,  making  about  00  single  strokes 
per  minute.  The  average  vacuum  obtained  .with  this  outfit,  with 
])lenty  of  circulating  water,  is  about  27 A  inches.  This  outfit  is 
to  be  replaced  by  one  of  more  recent  design,  and  operated  on 
the  ''  Dry  System"  and  with  a  two-stage  vacuum  pump. 

4.  Steam  is  furnished  by  eight  Manning  boilers,  which  are 
described  in  the  Boiler  Test.  The  general  arrangement  of  Boiler 
and  Power  House,  with  its  auxiliaries,  is  shown  in  Figs.  107,  1G8, 
160  and  170. 

It  is.not  the  author's  intention  to  have  the  details  of  the  steam 
generating  plant  form  a  portion  of  this  paper,  but  he  would  be 
glad  to  give  information  to  those  who  may  wish  it. 

5.  Motors. — Sixty-four  (G4)  induction  motors  (with  varvincr 
loads),    ranging    from    i    to    40   horse- power,    are   distributed 
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Section  with  east  wall  removed, 

boiler  house. 
Fig.   168. 


throughout  the  works.  (See  Fig.  K16.)  With  the  exception  of 
the  elevator  motors^  the  entire  plant  is  arranged  on  the  group 
system.     Wherever  one  or  more  machines  are  to  be  driven,  belt- 
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elevation  of  power  house 
Fig.  169. 


ing  or  gearing  is  used,  and,  if  room  will  ])ermit.  belting  is  given 
the  preference,  for  the  following  reasons: 

{a)  Flexibility. 

{h)  Less  wear  and  tear  on  the  motors. 
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(c)  Absolute  independence  of  speed  of  line  shafts. 

{d)  Convenience  in  case  of  repairs. 

{e)  The  advantage  of  changing,  in  event  of  increase  or  decrease 
of  power  requirements. 

(/)  Equal,  if  not  higher,  efficiency  under  continuous  working 
conditions. 
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With  this  iirrangeinent,  the  power  factor  will  ran<^e  from  H'-2 
to  86  ])er  cent.,  depending  on  the  motor  loads.  The  only  ])re 
caution  to  take,  in  order  to  prevent  frequent  sliut-downs,  with 
the  induction  motor,  is  to  have  the  main  circuits  fused  heavy 
enough  to  withstand  the  influx  of  current  to  the  line,  due  to 
starting.  By  referring  to  Fig.  106,  the  ada])tability  of  electric 
transmission  to  a  plant  of  this  character  is  readily  shown,  with- 
out further  explanation.  There  are,  how^ever,  a  number  of  con- 
ditions governing  the  installation  that  cannot  be  shown  in  the 
plans,  a  few  of  which  are  as  follows  : 

6.  The  Iron  Foundry  (Building  ]S"o.  24)  which  is  situated 
about  TOO  feet  from  the  Power  House,  requires,  from  7  a.m. 
until  12  M.,  an  average  of  about  7  horse-power,  and  from  3  to 
5.15  P.M.,  about  35  horse-power. 

Building  Xo.  23  (which  is  an  auxiliary  to  the  Iron  Foundry) 
requires  from  25  to  30  horse-power  to  drive  the  tumbling  barrels 
and  grinders.  When  the  blast  is  turned  on  to  the  cupola,  in  the 
afternoon,  this  motor  is  shut  off,  as  the  help  are  used  in  the 
foundry. 

Building  No.  25  requires  5  horse-power  about  one-half  the 
time. 

Box  Shop  (Building  No.  26)  is  situated  about  1,000  feet  from 
the  Power  House,  the  nearest  line  shaft  being  about  300  feet 
away  from  it.  A  5  horse-power  motor  is  used  for  about  three 
hours  a  day,  at  this  point. 

The  Plating  Eoom,  fifth  floor  (Building  No.  4:)  uses  from  45 
to  50  horse-power,  five  hours  per  day,  and  8  to  10  horse-power 
for  the  remaining  five  hours. 

7.  Owing  to  manufacturing  requirements,  it  is  found  necessary 
to  run  the  shafting  both  lengthwise  and  crosswise  with  the 
building.  For  example,  Buildings  Nos.  1,  2,  4  and  10  have 
shafting  running  in  both  directions.  The  electric  system  of 
transmission  lends  itself  admirably  to  this  condition.  Had  this 
factory  been  one  continuous  building  of  from  two  to  four  stories 
high,  with  the  Power  House  centrally  located,  shafting  running 
in  one  direction,  and  lio^ht  machinerv  installed  alono^  its  line  con- 
tinuously,  the  question  of  the  economy  of  electric  transmission 
would  have  been  doubtful.  Tests  described  farther  on,  and 
Tests  Xos.  7  to  19  inclusive,  will  furnish  complete  data  as  to 
the  economy  of  electric  transmission,  as  applied  to  this  particu- 
lar case.     (See  page  1030). 
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8.  The  TurhliiG  and  Its  Generator. — The  turbine  end  of  this 
machine  has  received  very  little  attention  in  the  past  year,  and 
has  required  no  renewals  or  repairs  to  any  of  its  parts;  in  fact, 
from  an  operating  standpoint,  it  is  almost  fool-])r()of.  It  was 
found  necessar}^,  when  assembling  the  machine,  over  a  year  ago, 
to  remove  from  the  bearings,  with  a  fine  oil-stone,  some  burrs 
which  had  been  thrown  up  in  handling,  and  also  a  little  rust 
which  had  accumulated;  upon  examination  of  the  same,  one  year 
later,  these  marks  had  not  been  worn  out,  and  there  w^as  abso- 
lutely no  difference  in  the  recorded  diameters  of  the  bearings, 
covering  a  period  of  one  year's  wear. 

Occasional  longitudinal  adjustment,  to  check  the  clearance 
betwoen  the  blades  in  the  case  and  the  revolving  element,  is 
necessary.  The  wear  and  tear  on  other  parts  of  the  machine 
have  been  practically  nil,  and  if  the  oil  is  kept  in  constant  circu- 
lation and  properly  cooled,  there  is  no  need  of  a  "  hot  box,"  and 
the  amount  of  oil  used  is  extremely  small;  the  consumption  of 
this  particular  machine  being  \  gallon  of  cjiinder  oil  per  week, 
and  from  3  to  5  per  cent,  of  the  lubricating  oil  on  the  bearings 
may  be  said  to  be  wasted.  The  quality  of  the  oil  used  should 
be  perfectly  free  from  acids  which  would,  in  any  way,  tend  to 
injure  the  bearings.  Considerable  apprehension  has  been  felt  by 
a  great  many  who  have  not  come  in  actual  contact  with  the  tur- 
bine that  the  blades  in  the  revolving  element  would  be  a  source 
of  trouble.  If  the  machine  is  properly  set  and  adjusted,  with 
a  chance  for  expansion  between  the  machine  and  its  condenser, 
there  is  (outside  of  defective  material)  absolutely  no  danger  from 
these  blades.  It  is  necessary  to  remove  the  top  of  the  case  of 
the  turbine  once  in  three  months  (especially  when  the  plant  is 
first  started),  as  red  lead  or  other  foreign  substances  in  the  pipes 
are  liable  to  clog  the  smaller  blades,  although  a  steam  strainer 
is  provided,  w^hich  cares  for  any  foreign  substances  which  may 
in  any  way  injure  them. 

9.  The  principal  trouble  with  the  steam  end  is  its  liability 
to  shut  down,  when  running  from  f  to  full  load,  if  the 
vacuum  is  destroyed.  This  can  be  prevented,  if  the  engineer  is 
on  hand,  but  sometimes  he  isn't  there,  and  we  have  had  one  or 
two  shut-downs,  in  the  last  year,  from  this  cause.  I  am  in- 
formed, however,  that  a  device  for  automatically  preventing  this 
is  being  designed  by  the  makers,  and  we  expect  to  have  it  on 
our  second  machine. 
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It  is  desirable  to  ])lace  in  the  pipe  for  cooling  water  for  the  oil 
well  an  eel-liai)  with  a  l)y-])ass,  and,  what  is  still  better,  if  con- 
venient, to  have  two  sources  of  water  supply.  An  o|)en  (b-ip 
should  also  be  provided,  which  can  be  frequently  tried  bv  the 
engineer,  to  insure  projicr  circulation  of  cooling  water.  The 
electrical  end  of  the  machine  has  given  ns  all  the  trouble — not 
from  the  result  of  electrical  design  and  defect,  but  from  mechani- 
cal defects,  pure  and  sim])le. 

10.  The  field  or  revolving  element  is  made  of  four  cylindrical 
forgings,  23f  inches  in  diameter,  aggregating  in  length  al)out  28 
inches.  These  sections  are  forced  on  to  tlie  shaft,  with  about 
150  tons  pressure.  Owing  to  centrifugal  force  and  the  heat  de- 
velo])ed  in  the  field,  one  of  these  sections  crej^t  on  the  shaft 
about  f  of  an  inch,  the  result  being  that,  on  the  21st  of  August, 
1902,  one  of  the  field  wires  was  pulled  apart.  Eepairs  were 
quickly  made  and  the  makers  agreed  to  furnish  a;  new  field, 
which  was  placed  in  position  the  latter  part  of  December;  when, 
upon  starting  the  machine  for  the  purpose  of  testing,  it  imme- 
diately (upon  attaining  full  speed,  and  without  any  load  upon  it) 
flew  into  a  large  number  of  pieces,  entirely  demolishing  the  elec- 
trical end,  and  badlv  damaging  the  sleam  end.  Investi<j:ation 
showed  that  invisible  flaws  in  the  forging  were  the  cause  of  this 
accident.  Xo  damage  was  done  to  the  building,  outside  of  the 
breaking  of  a  few  panes  of  glass,  neither  were  any  of  the  occu- 
])ants  injured,  although  there  were  eight  men  in  the  room  at  the 
time. 

From  the  various  accounts  of  fly-Avheel  accidents,  I  think  that 
the  majority  of  the  members,  after  observing  the  photographs 
which  the  writer  will  exhibit  to  those  who  desire  to  look  at 
them,  will  admit  that,  in  spite  of  its  high  speed,  the  field  of  de- 
vastation is  not  so  great  in  the  case  of  the  turbine  as  the  recipro- 
catino^  enmne. 

11.  A  memorandum  has  been  kept  by  the  author  of  all  of  the 
questions  which  have  been  asked  him  in  regard  to  this  installa- 
tion, and,  as  a  matter  of  record,  he  would  like  to  place  the  more 
important  ones  before  the  Society,  in  the  order  of  their  im- 
portance : 

(1)  Does  it  fulfill  the  guaranteed  economy  ? 
In  answer  to  this  see  Tests  Xos.  2,  3,  4  and  5. 

(2)  Is  the  windage  excessive  ? 

It  certainly  is  more  than  from  a  slow  speed  generator,  yet,  as 
65 
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a  whole,  is  not  disagreeable,  as  noise  in  the  engine  room  is  a 
comparative  quantity. 

(3)  Are  you  satisfied  with  the  continuity  of  operation? 

Outside  of  the  breakdown  (which  was  due  to  defectiv^e  mate- 
rial, or  to  causes  entirely  foreign  to  the  machine),  it  is  entirely 
satisfactory. 

(4)  What  condensing  outfit  is  necessary  ? 

This  is  a  question  wdiich  each  purchaser  can  best  decide  for 
himself.  The  writer's  experience,  how^ever,  is  that  the  best  is 
none  too  good,  and  that  for  continuous  running  and  high 
vacuums,  the  dry  system,  with  a  two-stage  air-pump,  wnll  prob- 
ably maintain  higher  average  vacuums  than  any  other  system. 

(5)  Can  exhaust  steam  be  used  for  heating  ? 

This  turbine  has  supplied  25,000  square  feet  of  direct  radiating 
surface  and  Y,500  square  feet  of  blower-stack  surface,  and  main- 
tained a  temperature  of  from  60  to  70  degrees  Fahr.  in  all  build- 
ings, when  generating  520  kilowatts,  and  with  a  temperature  of 
220  deo^rees  Fahr.  in  the  exhaust  chamber  of  the  turbine.  The 
differential  in  pressure  was  produced  by  10  inches  of  vacuum  on 
the  Power  House  end  of  the  drips  for  the  heating  system.  The 
writer  has  also  found  that  the  temperature  in  the  exhaust  cham- 
ber of  the  turbine  varies  with  the  different  loads,  and  at  full 
load  and  overload,  there  is  more  or  less  superheat,  w^hether  run- 
ning condensing  or  non-condensing. 

(6)  What  overload  will  it  stand  ? 

A  50  per  cent,  overload  has  been  maintained  at  full  speed,  for 
five  hours,  without  apparent  injury  to  the  machine. 

(7)  Can  it  be  changed  from  condensing  to  non-condensing,  and 
vice  versa^  w^hen  running  ? 

This  we  have  done  daily,  during  the  heating  period,  and  with- 
out difficulty  or  shut-down,  according  to  the  following  schedule: 

IS'on-condensing,  7  a.m.  to  10  a.m.  ;  1  p.m.  to  3  p.m. 
Condensing,  10  a.m.  to  12  m.;  3  p.m.  to  6  p.m. 

(8)  Type  of  exciter  ? 

The  exciter  should  be  driven  by  an  independent  engine. 

(9)  Is  your  confidence  in  the  machine  shaken,  after  the  trouble 
you  have  had  wath  it? 

The  best  reply  to  this  is  that  a  second  outfit  has  been  ordered. 

(10)  Cost? 
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Upon  the  basis  of  strictly  competitive  prices,  the  turbine, 
ready  to  run,  costs  from  10  to  15  per  cent,  less  than  the  same 
sized  reciprocating  engine  outfit. 

The  cost  of  the  Power  House,  per  square  foot,  per  kilowatt, 
would  be  about  35  per  cent,  less  for  a  turbo-generator  outfit  than 
for  a  reciprocating  engine  of  the  same  power  and  economy.  The 
cost  of  foundations  is  taken  into  account,  in  the  cost  of  the  en- 
gine and  turbine.  The  cost  of  piping  is  not  included  in  either 
case,  excepting  the  piping  between  the  throttle  and  the  con- 
denser. 

(11)  Is  the  vibration  excessive? 

The  author  considers  that,  unless  it  is  possible  to  balance  a 
lead  pencil  on  the  outboard  bearing  and  allow  it  to  remain  there 
for  a  minute,  the  machine  is  vibrating  more  than  it  should;  and 
while  there  are  no  foundation  bolts  to  hold  the  machine  down, 
there  has  been  no  tendency  for  it  to  creep  on  its  foundations. 

12.  It  has  been  before  the  author's  mind  in  presenting  the  re- 
sults of  these  tests  that  readers  might  obtain  information  on  the 
following  questions  : 

(1)  Cost. — {a)  Cost  of  turbo-generator;  (h)  cost  of  land  and 
buildings. 

(2)  Econmmj. — {a)  Coal  consumption;  (J)  oil;  {c)  repairs; 
(<^)  constant  economical  condition,  which  is  commercially  inher- 
ent in  construction  of  machine;  (<?)  return  of  condenser  discharge 
to  boiler. 

(3)  Ease  of  Operation. — {a)  Accessibility;  (J)  starting  and  stop- 
ping; {(i)  oiling  and  adjustment;  (cZ)  running  in  parallel. 

(4)  Comjxictness. 

13.  The  illustrations  accompanying  this  paper  are  as  follows  : 
Fig.  166  is  a  general  plan  of  the  works.  The  circuits  are  indi- 
cated by  broken  lines,  also  their  sizes  in  numbers  of  Brown  & 
Sharpe  gauge.  The  size  and  location  of  motors  are  shown  by 
small  circles,  and  their  horse-power  is  indicated  by  small  figures, 
adjacent  to  circles.  The  numbers  of  the  buildings  are  also  placed 
upon  them,  and  are  referred  to  at  different  times,  in  the  paper. 
The  figures  inside  of  circles  refer  to  the  motor-test  number  given 
in  the  tabulation  of  motor  tests.     (See  page  1030). 

Fig.  167  is  a  plan  of  the  Boiler  and  Power  House. 

The  two  turbines  are  shown  in  place,  with  their  condenser 
connections.  Turbine  E'o.  1  is  the  subject  of  this  paper.  Tur- 
bine No.  2  is  in  course  of  construction. 
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The  exciter  out  lit  is  shown  to  the  ri^lit  of  Tui-bine  No.  li,  ;ind 
is  of  sutiicient  capacity  to  care  for  both  tuihines.  J>y  reiiiovin«»' 
the  switcli-board  to  a  <;:allcry  (whicli  can  be  readily  constructed), 
another  turbine  couhl  be  easily  placed  in  this  room.  It  niav  be 
interestin*^  to  know  that  the  foundation  of  Tur])ine  No.  1  cost 
SI 88. GO,  at  the  current  prices  of  cement,  sand  and  broken  stone, 
in  1901-2.  It  is  advisable  to  leave  the  foundations  with  a  tunnel 
tlirough  the  centre,  transversely,  as  there  are  many  ways  in 
which  these  tunnels  can  be  utilized,  either  for  pipin*^  or  ducts  for 
electrical  wiring. 

Fig.  168  is  a  longitudinal  elevation  and  section  of  Boiler  House. 

Fig.  169  is  a  longitudinal  elevation  of  Power  House.  A  350 
horse-power  cross-compound  engine,  and  a  150  horse-power  air 
compressor  are  show^n  to  the  right,  with  the  two  turbines  and 
accessories  at  the  left. 

Fig.  170  is  a  sectional  elevation  of  Power  and  Boiler  Houses, 
and  sections  are  taken  on  lettered  lines  of  Fig.  167. 

14.  With  respect  to  the  boiler  tests  it  should  be  said  that  they 
were  made  under  daily  running  conditions,  without  attempt  to 
scrape  the  tubes  of  the  boilers,  or  to  bring  the  economy  to  a 
phenomenally  high  point.  What  is  known  as  the  Society's 
Alternate  Method  is  used,  since  at  this  time  of  year  it  is  difficult 
to  draw  the  fires  and  re-start  them.  The  calorific  power  of  the 
coal  was  13,338.  The  usual  precautions  as  to  calibration  of 
gauges,  leakage  from  pumps  and  the  like  were  observed. 

Concerning  the  tests  of  the  turbine,  the  same  conditions  pre- 
vailed. No  special  attempt  was  made  to  obtain  an  unusual 
vacuum. 

The  condenser  was  tested  for  leakage,  and  all  water  was 
measured  from  the  air-pump  discharge.  The  power  for  the 
exciter  (10.8  kilowatts)  was  determined  in  a  separate  test.  The 
exhaust  from  the  exciter  engine  is  used  for  heating  purposes. 
Shop  tests  on  the  turbine  made  eighteen  months  before  the  test 
in  this  paper,  showed  an  economy  of  14.47  pounds  of  water  per 
brake  horse-power  wath  a  load  of  607  brake  horse-power  and 
16.43  pounds  of  water  per  brake  horse-power,  with  a  load  of  263 
brake  horse-power  (200  kilowatts).  These  tests  were  under  ap- 
proximately^ the  same  conditions  as  to  pressure,  vacuum  and 
superheat  as  those  in  this  paper. 

15.  The  tests  on  motors  are  intended  to  present  detailed  losses 
of  power  transmission,  as  applied  to  the  group  system,  with 
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different  arrangements  of  line  sliafting  and  belting,  as  well  as 
different  applications  of  the  electric  motor  to  factory  work. 

The  diagrams  accompanying  each  test  show  that,  in  all  cases, 
the  motor  is  belted  to  the  shafting,  or  to  jack-shafting,  or  to  the. 
machine  whicli  it  is  intended  to  drive. 

The  principal  points  brought  out  by  the  tests  are  : 

(a)  Difference  in  frictional  losses,  depending  on  speed  and 
arrangements  of  shafting  in  the  different  rooms. 

{h)  The  power  utilized  by  the  machinery,  when  running  idle. 

(c)  The  total  power  used  by  the  shafting,  machinery  and  useful 
work. 

(d)  Efficiency  of  electric  transmission. 

16.  The  tests  were  made  under  actual  running  conditions;  the 
test  for  each  room  being  contmued  for  one  half  day,  with  regu- 
lar working  load,  and  readings  of  the  watt  meter  were  taken 
every  two  minutes.  The  inean  vibration  of  the  pointer  was 
taken  as  the  true  reading.  The  efficienc}^  of  the  motors  (under 
their  different  loads)  Avas  taken  from  the  curves  furnished  by  the 
builders. 

The  analysis  of  these  tests  would  indicate  that,  with  the  turbo- 
generator driving  induction  motors,  and  with  an  evaporation  of 
8.Y0T  pounds  of  water,  per  pound  of  coal,  a  brake  horse-power 
can  be  delivered  from  the  pulley  of  the  motor  for  about  2^ 
pounds  of  coal  (see  table  of  tabulation  of  motor  tests  7  to  19  in- 
clusive), with  a  turbine  of  this  size  running  under  average  econ- 
omy.    (This  allows  5  per  cent,  for  banking.)     ' 

TJnder  the  same  evaporative  conditions,  the  average  non-con- 
densing engines,  distributed  through  the  different  rooms  in  the 
plant,  would  require  7.5  pounds  of  coal  per  brake  horse-power 
at  the  fly-wheel,  or  three  times  that  quantity  required  for  the 
electrical  drive. 

As  to  what  Avould  be  the  actual  saving  under  the  existing  con- 
ditions at  this  factory,  over  belt  transmission,  it  would  be  im- 
possible to  calculate,  as  the  conditions  which  exist  at  the  present 
are  so  entirely  different  from  former  conditions,  owing  to  the 
rapid  growth  of  the  plant. 

17.  What  the  loss  might  have  been  between  the  engine  and 
pulleys  which  deliver  powder  to  the  different  rooms,  is  an  un- 
known quantity.  Further,  under  the  conditions  Avhich  existed 
at  that  time,  and  do  exist  now,  about  one-half  our  steam  is  util- 
ized for  manufacturing  purposes  and  for  heating.     The  question, 
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therefore,  of  the  coniparaLive  total  cost  of  powc^r,  is  a  mitter 
wliich  must  be  arbitrarily  tleterinined,  (h^jx^ndini;  on  the  ratio 
of  the  Power  House  charges  for  j)o\ver  and  nianufacturin*'- 
steam.  As  this  is  entirely  arbitrary,  it  is  not  permissible  to 
quote  any  figures  as  to  the  relative  costs  of  power,  under  the  tw^o 
conditions,  as  they  would  be  inaccurate  and  misleading  to  others. 

One  of  the  interesting  questions  answered  by  these  tests  is  the 
small  amount  of  power  actually  used  in  removing  stock,  in  \Urht 
manufacturing  work. 

IS.  In  conclusion,  the  results  obtained  from  this  outfit  may 
not  be  any  higher  than  many  obtained  by  direct  connected  sets 
of  the  same  size,  running  under  maximum  economical  conditions. 
Assuming,  how^ever,  that  they  are  the  same,  the  advantages  of 
initial  investment,  constant  economy  and  the  possible  extension 
of  the  plant  Avith  the  turbo-generator  outfit,  are  of  sufficient  im- 
portance to  warrant  the  installation. 

The  strongest  appeal,  however,  that  the  turbo-generator  makes 
to  the  business  man  or  the  engineer  is  its  inherent  commercial 
elficiencv.  By  this,  1  mean  that  its  efficiencv  is  unchansred, 
week  in  and  week  out;  year  in  and  year  out.  Leaky  pistons  or 
valves,  lack  of  alignment  of  slides  and  bearings,  keying  up,  and, 
above  all,  lubrication,  all  of  which  exist  in  the  reciprocating 
engine,  are  eliminated  in  the  turbine. 

The  detail  of  the  tests  appear  in  the  following  : 

BOILERS. 

Eight  Manning  Boilers  of  135  Horse-Power  Each. 

Dimensions  of  one  boiler. 

Grate  surface  : 28 . 27  sq.  ft. 

Heating    "      1388 .  42  sq.ft.    Super-heating,  467 .  56  sq.  ft.— Total,  1855 .  98  sq.  ft. 

Cal.  area 5.11 

Ratio  of  Cal.   to  G.  S 1 :  5 .  53 

"      "  G.  S.  to  Water  H.  S 1:49.11 

"      "     "      "   Super       ''     1:16.54 

"      "     "      "  Total  1:65.65 

Length  of  Tubes 14  ft.,  11  ins. 

Diam.      "       "      2h  ins. 

Number  "        " 180 

Economizer    144  tubes,  4  in. — 6  tubes  wide. 

H.  S l,728sq.  ft. 

Induced  draft, 

Size  of  Fan,  dia.  9  ft. ;  width,  4  ft.  6  ins.  Outlet,  62  x  54  ins.  Inlet,  100  ins.  x  46  ins. 

SizeofEngine,  8  X  lOins.     Ave.     No.  R.  P.  M 114.3 
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BOILER  TESTS. 

Test  of  Seven  135  Horse-Power  Manning  Boilers. 

Test  No.  1.  Method  of  Starting  (Alternate). 

Grate  surface 197 .89  sq.  ft. 

Water-heating  surface 9,718.94  sq.  ft. 

Superheating  surface 3,272 .92  sq.  ft. 

Total  Quantities. 

1.  Date  of  trial  ...:... March  25, 1903. 

2.  Duration  of  trial,  in  hours 11 

3.  Weight  of  coal,  as  fired    30,681  lbs. 

4.  Percentage  of  moisture  in  coal 8  Per  cent. 

5.  Total  weight  of  dry  coal  consumed 28,226 ,  52  lbs. 

6.  Total  ash  and  refuse 2,835 .00     " 

7.  Percentage  of  ash  and  refuse,  with  dry  coal 10  per  cent. 

8.  Total  weight  of  water 267,150 .0  lbs. 

9.  Water  actually  evaporated  (corrected  for  superheat)  ....  280,192.6    " 
9a.  Factor  of  evaporation 1.176 

10.  Equivalent  water  evaporated  into  drj^  steam,  from  and  at 

212  degrees ; 314,168.4  lbs. 


Hourly  Quantities. 

11.  Dry  coal  consumed  per  hour 2,566 .04  lbs. 

12.  Dry  coal  per  sq.  ft.  of  grate  surface  per  hour 12 .  97    " 

13.  Water  evaporated  per  hr.  (corrected  for  quality  of  steam).  25,472 .  05     " 

14.  Equivalent  evaporation  per  hour,  from  and  at  212  degrees  28,560 .  76     '' 

15.  Equivalent  evaporation  per  hr.  from  and  at  212  degrees 

per  sq.  ft.  of  water  heat,  surface 2.938 


Average  Pressures,  Temperatures,  etc. 

16.  Steam  pressure  by  gauge 

17.  Temperature  of  feed-water  entering  boiler 

18.  Temperature  of  escaping  gases  from  boiler 

19.  Force  of  draft  between  damper  and  boiler 

20.  Superheat  (degrees) 


151.00    lbs. 
148.07°  Fahr. 
469.20°    " 
.23  inch. 
21.08°  Fahr. 


Horse-power. 


21.  Horse-power  developed 827 .84 

22.  Rated  horse-power 945 . 

23.  Percentage  of  rated  horse-power  developed 87 . 6  per  cent. 
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Economic  Results. 

24.  Water  apparently  evaporated,  per  lb.  of  coal,  (actual  con- 

ditions)    8.707  lbs. 

25.  Equivalent   evaporation   from   and   at   212   degrees   per 

pound  of  coal,  as  fired   10.240     " 

26.  Equi\alent   evaporation   from   and   at   212   degrees  per 

pound  of  dry  coal 1 1 .  130     " 

27.  Equivalent  evaporation   from   and   at   212   degrees  per 

pound  of  combustible : 12.370     '* 


Efficiencies. 

28.  Calorific  value  of  dry  coal  per  pound 13.4SS  B  .T.  U. 

29.  Calorific  value  of  combustible  per  jxjund 15,433         " 


Cost  of  Evaporation. 

30.  Cost  of  coal  per  ton  of  2,240  pounds  delivered  in  Boiler 

Room   $3 .  5300 

31.  Cost   of  coal   required   for  evaporation   of   1,000  lbs.  of 

water,  from  and  at  212  degrees 0 .  1539 

In  reference  to  the  matter  of  coal,  the  amount  of  refuse,  as  per  calorimeter  tests, 
was  12.6  per  cent.  Assuming  this  as  the  total  ash,  the  evaporation  per  pound  of 
combustible  was  equal  to  12.69  pounds. 

The  percentage  of  moisture  in  the  coal  is  considerably  more  than  under  ordinary 
conditions,  as  it  was  raining  on  the  day  before  the  test  and  the  coal  was  not  housed. 
A  large  number  of  samples,  however,  were  taken  and  dried,  in  order  to  obtain  this 
percentage. 

The  total  heat  of  steam,  at  21.08  superheat,  was  figured  from  Wood's  formula, 
as  follows: 

H  =  1,091.7  +  0.48  (T  -  32  degrees)  in  which  H  =  total  heat  units  above  32 
degrees;  T  =  temperature  of  steam. 

The  factor  of  evaporation  was  then  figured  by  the  regular  formula,  as  given  in 
the  Society's  code  for  boUer  tests. 


(150  KILOWATT  TEST.) 

EcoNo^nr  Tests  of  400  Kilowatt  Turbo-Generator. 

Test  Xo.  2.  Date,  April  13,  1903. 

Voltage 227 . 5 

Average  R.  P.  M   3.600 

Maximum  speed  variation,  as  per  tachometer 0 .5  p.  c. 

Average  load 152  K.  W. 

"       water,  per  hour ' 4,203 . 3  lbs. 


1016      Till'    STEAM    TURBINE   FROM    AN   OPERATING    STANDPOINT. 

Duration  of  test 3  hrs. 

Steam  pressure  (per  gauge)  at  throttle 144 .85  lbs. 

Average  vacuum 27 .  34  ins. 

Water  per  K.  W.,  per  hour 28.05  lbs. 

"        "  E.  H.  P.  =  Water  per  K.  W.  hour  x  746 

20.92     " 

1,C00 

"  B.  H.  P  =  Gen.  Eff.  (0.91)  x  Water  per  E.  H.  P. 

per  hour 19.03     " 

Water  per  I.H  P.  =  Water  per  E.  H.  P.  per  hr.  x  0 .  85 :  17 .  78      " 

Maximum  average   load   for  1  hour 152  K.  W. 

Minimum         "           "         "        "     152      " 

Maximum  water  rate  per  K.  W.  hour 28 .  27  lbs. 

Minimum       "        "             ''           "     27.91     " 

Maximum  vacuum 27 .  42  ins. 

K.  W.      =  Kilowatts. 
E.  H.  P.  =  Electric  Horse-power. 
B.  H.  P.  =  Brake  Horse-power. 
I.  H.  P.  =  Indicated  Horse-power. 

This  test  was  made  after  working  hours,  with  the  boiler  running  very  light, 
which  accounts  for  the  low  pressure,  and  lack  of  superheat. 


(300  KILOWATTS  TEST.) 

Economy  Tests  of  400  Kilowatt  Turbo-Generator. 

Test  No.  3.  Date,  April  14,  1903. 

Voltage 227.5 

Average  R.  P.  M  3,G00 

Maximum  speed  variation,  as  per  tachometer 0 . 5  p.  c. 

Average  load 323  K.  W. 

"        water,  per  hour 7,217 .3  lbs. 

Duration  of  test 3  hrs. 

Steam  pressure  (per  gauge)  at  throttle- 153 . 3  lbs. 

Superheat  at  throttle             "         "         .  .  .  .' 3 .44°  Falir. 

Average  vacuum 27 .  64  ins. 

Water  per  K.  W.,  per  hour    22 .  34  lbs. 

"      per  E.  H.  p.  =  Water  per  K.  W.  hour  x  746 

^ 16.67" 

1,000 

Water    "     B.  H.  P.  =  Gen.  Eff.  (0.91)  x  Water  per  E.  H.  P. 

per  hour 15 . 17     " 

Water  per  I.  H.  P.  =  Water  per  E.  H.  P.  per  hr.  x  0.85 14 .  17     " 

Maximum  average  load  for  1  hour 323  K.  W. 

Minimum         "            "       "         "    323       " 

Maximum  superheat 9 .  97°  Fahr. 

. "           water  rate  per  K.  W.  hour 22 .  70  lbs. 

Minimum         "        "           "           " 22.03     " 

Maximum  vacuum 27 .  71  ins. 
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(RUNNING  LOAD.) 

Economy  Tests  of  400  Kilowatt  TunBo-GENP:HATOR. 

Test  No.  4.  -  Date,  April  17,  1903. 

Voltage 227 .  .5 

Average  R.  1».  M   3,000 

Maximum  spt^cd  variation,  as  per  tachometre 0.5  p.  c. 

Average  load 375  K.  W. 

"        water,  per  hour 8,358 . 5  lbs. 

Duration  of  test 4  hrs. 

Steam  pressure  (per  gauge)  at  throttle 152  lbs. 

Superheat  at  throttle              "         "         6 .  4G°  Fahr. 

Average  vacuum 27 .  43  ins. 

Water  per  K.  W.,  per  hour 22 .  29  lbs. 

Water     "     E.  H.  P.  =  Water  per  K.  W.  hour  x  746 

16.63     " 

1,000 

Water    "     B.  H.  P.  =  Gen.  Eff.  (0.91)  x  Water  per  E.  H.  P,, 

per  hour  . 15.13     " 

Water  per  I.  H.  P.  -.  Water  per  E.  H.  P.,  per  hr.  x  0.85  ...  14. 13     " 

Maximum  average  load  for  1  hour 383  K.  W. 

Minimum         "           "         "         "    367  K.  W. 

Maximum  superheat '  18 .27°  Fahr. 

"          water  rate  per  K.  V/.  hour 23 .  11 

Minimum       "         "             "           "    21 .46 

Maximum  vacuum  27 .  84  ins. 


(400  K.  W.  TEST.) 

EcOxVOMY  Tests  of  400  Kiloavatt  Turbo-Generator. 

Test  No.  5.  Date,  April  17,  1903. 

Voltage 227 . 5 

Average  R.  P.  M 3,600 

Maximum  speed  variation,  as  per  tachometer 0 . 5  p.  c. 

Average  load 397 .  11  K.  W. 

"        water,  per  hour 8,798 .  66  lbs. 

Duration  of  test 3  hrs. 

Steam  pressure  per  gauge,  at  throttle 150 .92  lbs. 

Superheat  at  throttle   19 .  66°  Fahr. 

Average  vacuum 26 .  95  ins. 

Water  per  K.  W.,  per  hour   22 .  156  lbs. 

"  E.  H.  P.  =  Water  per  K.  W.  hour  x  746 

16.53     " 

1,000 

"  B.  H.  P.  =  Gen.  Eff.  (0.91)  x  Water  per  E.  H.  P., 

per  hour 15 .04     " 

Wat<}r  per  I.  H.  P.  =  Water  per  E.  H.  P.,  per  hour  x  0.85.  .  14.05     " 
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Maximum  average  load  for  1  hour 398 .26  K.  W. 

Minimum           "          "        "        " 394.92  K.W. 

Maximum  superheat 24 .27°  Fahr. 

"          water  rate  per  K.  W.  hour 22 .  45  lbs. 

Minimum         "        "            "           "    22 .  18     " 

Maximum  vacuum 27 .  85  ins. 


OVERLOAD  TEST. 

Economy  Tests  of  400  Kilowatt  Turbo-Generator. 

Test  No.  6.                                                                              Date,  Dec.  11,  1902. 

Voltage 238 .  70 

Average  R.  P.  M ■ 3,600 

Maximum  speed  variation  as  per  tachometer 0 . 5  p.  c. 

Average  load 490  K.  W. 

water  per  hour 10,625.8  lbs. 

Duration  of  test 5  hrs. 

Steam  pressure  per  gauge,  at  throttle 152 . 7  lbs. 

Superheat  at  throttle 18.2°  Fahr. 

Average  vacuum 27 .  55  ins. 

Water  per.K.  W.,  per  hour 21.7  lbs. 

"       "  E.  H.  P.  :=  Water  per  K.  W.  hour  x  746 

16.18  " 

1,000 

"      "  B.  H.  P.  =  Gen.  Eff.  (0.91)  x  water  per  E.  H.  P. 

per  hour 14  72  " 

Water  per  I.  H.  P.  =  Water  per  E.  H.  P.  per  hr.  x  .085  .  .  13 .  75  " 

Maximum  average  load  for  1  hour 525 .  K.  W. 

Minimum         "           "           "      " 432.       " 

Maximum  superheat 26 . 6°  Fahr. 

"          water  rate  per  K.  W.  hour 22.33  lbs. 

Minimum        "        "           "           "      21 .22  " 

Maximum  vacuum 27 .  65  ins. 


I 
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Char.icter  of  Work :  Automatic  Screw  Machinery. 


Fig.  172. 
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Cupola  Blower. 
150  R.P.M. 


Test  No.  10 
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CLaracter  oJE  Work:  Cupola  Blower-Heating  System 


Fig.  175. 
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Test  No.  11 
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Character  of  Work :  l*lating  Dynamos  4  Exciter. 


Fig.  176. 
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Test  No.  18 
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Charaotdr  of  Work:  Plating  Dynamos. 


Fig.  183. 
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DiscrssKJN. 

Mr.  S.  S.  Wchh(  r. — I  would  like  to  ask  tlui  author  if  auv  <'X- 
aiuination  was  made  of  the  vaiics  in  the  turbines  to  (h'terniinc; 
whether  cutting  was  taking  ])hice  due  to  the  rapid  passing  of 
steam  throuii'h.  It  seems  to  me  that  would  be  one  of  the  thinirs 
that  wonhi  take  j)lace. 

J//'.  Wal(h'(ni. — The  evidence  for  nearly  a  vear  shows  nothinir 
of  tlie  sort. 

Mr.  Pohieroy. — On  page  10(j8  the  author  states  that  the  tur- 
bine is  working  non-condensing  between  7  and  10  a.m.  and 
between  8  and  5  p.m.,  and  I  want  to  know  whether  there  is  any 
record  of  the  steam  consumption  non-condensing  ? 

Mr.  A.  21.  ^Lattice. — My  connection  with  the  company  which 
built  the  turbo-generator  described  by  ^Fr.  AValdron,  and  wliich 
met  Avith  an  accident  at  the  Yale  tt  ToAsne  Works  enables  me  to 
lay  before  the  Society  some  facts  Avhich  may  be  of  interest,  par- 
ticularlv^  to  those  members  who  have  occasion  to  use  steel  forof. 
ings  for  purposes  ^vhich  require  great  care  in  the  selection  of 
material.  The  core  of  this  revolvinty  field  ^vas  a  steel  for^-inir 
a  trifle  less  than  two  feet  in  diameter.  The  material  was  an- 
nealed nickel  steel,  made. to  specifications  which  included  a  re- 
quirement of  at  least  40,000  pounds  per  square  inch  elastic  limit 
and  25  per  cent,  elongation  in  a  standard  test  piece  ^  inch  diam- 
eter and  2  inches  long  between  gauge  points. 

The  fact  is  doubtless  familiar  to  many  members  that  steel 
forgings  frequently  show  very  fine  cracks  running  })arallel  to 
the  axis  of  the  forging.  Sometimes  these  are  superficial,  but  in 
other  cases  are  quite  deep.  I  have  noticed  these  cracks  more  in 
nickel  than  in  carbon  steel.  These  cracks  often  show  up  during 
rough  turning,  but  the  finer  ones  are  frequently  developed  only 
by  the  finishing  cuts. 

We  had  had  occasion  to  reject  several  nickel  steel  forgings  for 
this  class  of  defect  previous  to  the  building  of  the  Yale  cV:  Towne 
machine.  Xo  defects  were  discovered  at  our  Avorks,  but  an  ex- 
amination of  the  fractured  forging  showed  that  there  were  a 
number  of  very  deep  cracks  reaching  to  several  inches  below  the 
surface,  the  difference  in  appearance  between  the  original  cracks 
and  the  new  fractures  being  very  marked. 

There  were  no  fractures  at  the  points  wdiicli  were  subjected  to 
the  greatest  stresses  due  to  centrifugal  force,  but  the  fractures 
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were  extensions  of  the  original  cracks;  one  fracture  being  at  the 
point  where  there  wouhl  liave  been  less  stress  than  at  any  other 
point  if  the  metal  had  been  sound. 

An  investigation  as  to  why  the  cracks  had  not  been  discovered 
during  the  macliining  of  the  forging  in  the  electric  works  showed 
that  such  cracks  may  or  may  not  show  up  during  machining, 
according  to  circumstances.  A  crack  may  not  be  noticeable  to 
the  naked  eye,  but  may  be  readily  traced  by  a  magnifying  glass. 
A  crack  may  not  be  visible  in  smooth  tool  finish,  but  may  be 
visible  to  the  naked  eye  or  perhaps  only  by  the  aid  of  a  magni- 
fying glass  after  highly  polishing.  Even  after  polishing,  a 
crack  may  not  be  visible,  but  will  be  shown  up  by  etching  the 
surface  with  diluted  nitric  acid.  Finishing  by  grinding  wnll 
hide  a  crack  which  a  smooth  tool  finish  may  expose,  presumably 
because  the  grinding  operation  drags  the  surface  of  the  metal 
across  the  crack. 

In  examining  the  surface  of  a  forging  for  the  purpose  of  dis- 
covering possible  cracks,  care  should  be  taken  to  discriminate 
between  true  cracks  and  what  at  first  sight  might  be  mistaken 
for  cracks.  Sometimes  after  machining,  sometimes  after  polish- 
ing, and  sometimes  only  after  etching  with  acid,  sinuous  lines  will 
be  found,  which  might  be  easily  mistaken  for  cracks,  but  where 
the  metal  is  perfectly  sound.  These  are  what  are  sometimes 
called  by  steel  makers  "white  streaks."  The  cause  of  these  I 
am  unable  to  explain,  but  I  presume  that  the}^  are  caused  by  the 
flow  of  metal  during  forging.  As  far  as  my  experience  goes, 
these  streaks  appear  only  near  the  surface  of  the  rough  forging, 
and  disappear  at  a  moderate  depth.  These  streaks  may  gener- 
ally be  distinguished  from  cracks  by  the  fact  that  the  streaks 
are  in  general  wavy  and  run  in  various  directions,  while  the 
cracks  are  fairly  straight  and  in  general  run  nearly  parallel  to 
the  axis  of  the  forging. 

Test  pieces  taken  from  the  fractured  forging  showed  a  very 
considerable  difference  in  the  quality  of  the  material  at  the 
periphery  and  at  the  bore  for  the  shaft;  the  elastic  limit  being 
much  higher  at  the  bore  than  at  the  periphery,  and  the  elonga- 
tion very  much  less.  Whether  this  difference  has  anything  to 
do  w^ith  the  production  of  surface  cracks  is  a  question  for  steel 
makers  to  solve.  An  analysis  of  the  steel  show^ed  considerably 
higher  silicon  near  the  bore  than  at  the  periphery,  but  other- 
wise the  analyses  were  practically  identical. 
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Tlio  results  of  an  investigation  of  {\h)  causes  of  tlio  accident 
cited  h\  Mv.  Waldron  lias  convinced  us  that  ordinary  metliods 
of  ins})ection  and  test  of  steel  will  not  sullice  in  cases  wlien^  a 
fracture  might  lead  to  serious  results.  A  test  ])iece  taken  from 
an  extension  of  the  forging  in  the  usual  manner,  may  or  may 
not  represent  the  true  nature  of  the  forging.  This  test  may 
show  up  well,  and  at  the  same  time  the  forging  may  be  ductile 
in  one  place  and  very  brittle  in  another. 

In  order  to  guard  against  a  repetition  of  such  an  accident  we 
now  require  at  least  two  test  -pieces  to  be  taken  from  each  forg- 
ing for  turbo-generator  fields;  one  from  near  the  periphery  and 
one  from  near  the  bore,  before  preliminary  acce])tance  at  the 
steel  Avorks.  We  also  recjuire  the  surface  of  the  forging  to  be 
])olished  and  etched  with  acid  to  explore  for  possible  cracks. 
During  the  machining  operations  at  the  electric  works  a  number 
of  slots  and  holes  are  cut  in  the  forgings  to  receive  the  field 
winding  and  to  provide  for  ventilation.  Advantag'e  is  taken  of 
this  to  obtain  further  test  pieces,  thus  enabling  us  to  ascertain 
the  true  quality  of  the  steel  all  the  way  through.  The  tests 
made  on  specimens  so  obtained  have  led  to  a  number  of  rejec- 
tions of  foro'incrs. 

For  fear,  however,  that  tests  and  inspection  may  fail  to  locate 
a  defect  in  the  rotor  of  a  turbo-generator,  we  now  test  all  such 
generators  in  our  shop  at  20  per  cent,  over  normal  speed,  thus 
adding  4-1  per  cent,  to  the  stresses  due  to  centrifugal  force. 
Where  the  failure  of  the  governor  might  cause  a  reciprocating 
engine  to  reach  20  per  cent,  overspeed  in  a  comparativeh^  short 
time,  the  high  ratio  bet^veen  the  inertia  of  the  turbo-generator 
and  the  driving  force  causes  fluctuations  of  speed  to  be  very 
gradual,  and  a  turbine  would  be  so  long  in  reaching  overspeed 
as  to  give  the  attendants  plenty  of  time  to  shut  off  steam.  It 
mav  be  remarked  that  the  chane'e  in  the  sound  due  to  a  chano^e 
in  speed  of  a  turbo-generator,  either  higher  or  lower,  is  so 
marked  that  an  attendant  instantly  notices  it.  The  inertia  of 
the  turbo-generators  Avill  be  appreciated  by  the  fact  that  the  400 
kilowatt  machines,  such  as  used  bv  Yale  ct  Towne,  run  for 
nearly  twenty  minutes  after  steam  is  shut  off. 

Mr.  Waldron  mentions  the  fact  that  practically  no  damage 
Avas  done  to  the  building  or  to  the  bystanders  by  the  accident  to 
the  generator.  This  is  accounted  for  by  the  construction  of  the 
stationary  armature  which  is  built  up  of  sheet  steel  punchings 
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wliich  ai'O  1:ij)j)(m1  over  each  other,  breaking  joints,  tlius"  forinin;:^' 
a  strueture  of  such  inmiense  strength  tliat  the  bursting  of  tlie 
rotor  running  at  8,600  revohitions  per  minute  was  insufficient  to 
rupture  it. 

Many  peo[)le  would  probably  lose  faith  in  a  comparatively 
new  type  of  apparatus  like  a  turbo-generator  after  an  accident 
such  as  the  author  has  described.  Mr.  AValdron,  however,  took 
the  matter  very  philosophically,  and  seems  to  have  reasoned  as 
follows: 

The  accident  was  plainly  due  to  flaws  in  the  material  and  not 
to  fault  of  design.  Similar  accidents  frequently  happen  to  the 
flywheels  of  reciprocating  engines.  In  the  case  of  a  turbo- 
generator the  construction  is  such  that  the  effects  of  an  accident 
must  be  confined  within  the.  machine  itself  instead  of  damaging 
surrounding  property.  Therefore,  aside  from  other  considera- 
tions, a  turbine  outfit  is  the  preferable  form  of  motive  power. 
It  is  a  significant  fact  that  the  Yale  &  Towne  Manufacturing: 
Co.  shortly  after  the  accident,  and  before  the  outfit  had  been 
repaired,  ordered  another  turbo-generator  which  is  an  exact 
duplicate  of  the  one  to  which  the  accident  occurred,  thus  show- 
ing their  faith  in  this  type  of  apparatus. 

Mr.  W.  L.  R.  Emmett. — I  would  like  to  ask  one  or  two  ques- 
tions of  the  author  of  this  paper.  He  speaks  of  the  lubrication 
of  the  bearings.  I  Avould  like  to  know  whether  any  of  the 
special  types  and  methods  used  in  the  European  turbines  have 
been  used  in  these  bearings.  I  would  like  also  to  know  whether 
the  steam  is  entirely  free  from  oil  when  it  enters  the  condenser. 
I  would  also  like  to  know^  the  pressure  of  the  oil  used  in  the 
bearings. 

The  report  which  has  been  read  concerning  the  condition  of 
steel  forgings  used  in  the  field  of  this  generator  indicates  the 
character  of  imperfections  which  are  liable  to  occur  in  any  forg- 
ing. I  consider  it  much  more  desirable  where  possible,  to  use 
sheet  steel  pnnchings  for  a  structure  of  this  sort.  Sheet  steel 
is  a  fibrous,  laminated  structure,  and  is  not  subject  to  cracks. 
The  strength  of  a  structure  built  up  of  punchings  is  almost  cer- 
tain to  be  fully  equal  to  the  tested  strength  of  the  material  from 
which  it  is  built. 

Mr.  C.  V.  Kerr. — There  are  just  three  points  which  I  would 
like  to  take  up  in  this  paper.  I  want  to  call  attention  first  to 
the  statement  as  to  the  guarantees  made  on  page  1001.    It  is  stated 
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tlioi'O  tlial  tlio  <;u;iraiit(H'(l  cconoiiiy  was  H)J  ])(>ini(ls  of  walci* 
j)or  electrical  horse  power  at  the  s\vitchl)oar(l  with  2S  inches  of 
vacuum,  40  (lc»j^rees  Fahr,,  superheat,  and  l.^f)  pounds  ^aut^c 
pressuiv.  Upon  pa<4-e  1(»1(5  on  tlie  400  kilowjitt  test,  the  st(»ani 
pressure  was  l.M  pounds,  the  superheat  at  the  tlirottle  '•20  de- 
grees, the  vacuum  a  little  less  than  27  inches,  and  the  water  p(  r 
electrical  horse  power  was  lO.^.'J  ])ounds.  Again,  on  ])age  10 IS,  on 
the  overload  test,  wIhmh^  tliesfeam  pressure  was  a  little  lesstli.in 
153  pounds,  the  superheat  at  the  throttle  IS  degrees,  the  vacuum 
27^  inches,  and  the  w^ater  10.18  pounds.  Mr.  Waldron  has  not 
stated  on  whicli  side  of  the  guarantee  the  result  showed.  Ilence 
I  am  ])rivileged  to  call  attention  to  this  matter.  Again,  on 
page  1007,  he  speaks  of  the  failure  of  the  rotating  field.  It  was 
my  privilege  to  take  part  in  a  sort  of  mathematical  autopsy  of 
this  field,  and  I  may  say  that  after  calculating  the  stresses  in 
several  different  ways,  the  maximum  was  less  than  1-1,000 
pounds  per  square  inch,  w^hich  gave  a  factor  of  safety  Avithin  the 
elastic  limit  of  about  3  and  ultimate  strength  of  about  6. 

On  page  lOOS  is  mentioned  another  fact  in  connection  with  the 
operation  of  the  turbine  which  is  interesting  from  the  stand- 
point of  thermodynamics.  ''  The  writer  has  also  found  that  the 
temperature  in  the  exhaust  chamber  of  the  turbines  varies  with 
the  different  loads,  and  at  full  load  and  overload  there  is  more 
or  less  superheat,  Avhether  running  condensing  or  non-condens- 
ing." TVe  must  take  that  in  comparison  with  the  low  degree  of 
superheat  at  the  throttle,  and  the  fact  that  we  have  but  27 
inches  of  vacuum.  In  that  connection  I  simply  wish  to  call 
attention  to  some  tests  which  have  come  under  my  notice.  For 
instance,  a  simple  engine,  non-condensing,  shows  superheat  in 
the  exhaust  as  calculated  from  the  water  rate,  and  the  curv^e  of 
these  tests  would  show  that  for  a  superheat  of  70  degrees  the 
exhaust  would  come  out  of  the  engine  dry.  What  would  it  do 
in  the  condensing  engine  ?  Another  test  with  120  pounds  gauge, 
26  inches  vacuum,  showed  moisture  in  the  exhaust,  and  the  curve 
of  these  tests  would  show  that  w4th  205  degrees  superheat  the 
exhaust  would  coiiie  out  of  the  engine  dry,  even  with  20  inches 
vacuum.  And  I  mi^fht  call  attention  to  the  fact  that  if  vou  look 
at  the  results  of  some  of  Professor  Swing's  tests  you  will  find 
Avith  non-condensing  work  as  much  as  100  degrees  of  superheat 
in  the  exhaust.  To  show  that  excessive  sui)erheat  is  not  always 
a  really  good  thing,  a  German  engineering  society  reports  a  test 
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Oil  a  oO  liorse  power  turbine,  steam  pressure  88  pounds,  but  the 
superheat  ran  the  teni])erature  to  1)32  degrees,  tlie  steam  per 
horse  power  rate  was  25.7,  wliilc  tlie  exliaust  had  a  temperature 
of  437  degrees  above  atmospheric  tem])erature.  This  was  non- 
condensing,  and  running  at  full  load.  It  is  the  opinion  of  at 
least  two  of  the  highest  authorities  that  superheat  should  stop 
at  the  point  where  the  exhaust  is  turned  out  dry. 

These  are  interesting  points  to  me,  and  I  believe  that  the 
future  will  see  a  great  deal  of  attention  paid  to  them.  Even  if 
this  limit  of  efiiciency  should,  prove  true  in  practice,  we  have  to 
consider  that  we  are  making  superheat  at  the  expense  of  coal, 
and  very  likely  these  authorities  are  right  in  taking  the  exhaust 
dry  for  the  maximum  economy,  when  we  take  into  account  the 
cost  of  the  plant. 

31/'.  Waldroii.^ — Xo  test  has  yet  been  made  in  reference  to 
the  economy  of  the  turbine  running  non-condensing,  all  of  the 
exhaust  steam  being  utilized  in  the  winter  time  for  heating 
buildings. 

In  reference  to  superheat,  no  systematic  or  accurate  tests  have 
been  made.  It  was  noticed  particularly  by  me,  during  the 
different  tests  reported  in  this  paper. 

As  to  the  guarantee,  I  did  not  think  it  would  be  necessary  to 
state  which  side  of  the  guarantee  was  reached  by  the  turbo- 
generator^ as  an  inspection  of  the  tests  will  show  that  with  a 
lower  degree  of  steam  pressure,  superheat  and  vacuum  than  was 
specified  in  the  guarantee,  the  average  economj^  for  all  loads 
was  less  than  the  guarantee. 

A  Memher. — I  should  like  to  ask  the  following  questions: 

1.  Does  the  oil  used  go  into  the  exhaust  steam? 

2.  Are  the  bearings  made  of  a  number  of  concentric  sleeves? 

3.  What  oil  pressure  is  used  on  the  bearings? 

Mr.  Walclron. — 1.  Cylinder  oil,  to  the  extent  of  about  ^  gallon 
per  week,  goes  into  the  exhaust  steam. 

2.  The  bearings  are,  I  think,  made  of  three  concentric  sleeves, 
but  I  am  not  in  a  position  to  discuss  the  details  of  design,  as  I 
am  not  familiar  enough  with  them. 

3.  Pressure  of  oil  on  the  bearings,  I  should  judge,  was  from 
18  to  28  inches. 


*  Author's  Closure,  under  the  Rules. 
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SPEED. 

BY  W.  I.  SLICHTER,  SCUENKCTADV,  N.  Y. 

(Junior  Member  of  the  Society.) 

1.  The  impression  is  very  general  that  a  variable  speed  cannot 
be  obtained  with  an  alternating  current  motor,  and  that  if  an 
alternating  current  plant  is  to  be  installed,  the  idea  of  obtaining 
a  variable  speed  drive  of  any  of  the  tools  mnst  be  al)andoned. 
Tliis  is  not  so,  and  the  object  of  this  paper  is  to  show  the  possi- 
bilities of  this  type  of  motor,  and  to  point  out  its  limitations. 

But  it  must  be  understood  in  the  first  place  that  it  is  not 
claimed  for  tlie  alternating  current  motor  that  it  can  compete 
with  the  direct  current  type  where  continual  variations  of  speed, 
tlirougliout  a  Avide  range,  are  required,  as  the  latter  motor  is 
usually  superior  in  efficiency  under  these  conditions. 

2.  Let  us  assume,  tlien,  that  the  problem  to  be  solved  is  a  case 
where  an  alternating  current  plant  is  desiraljle  for  general  rea- 
sons, such  as  distance  of  transmission  or  avaihxbility  of  power, 
and  that  a  considerable  amount  of  the  power  is  used  in  constcUit 
speed  Avork,  but  a  certain  portion  of  the  work  requires  a  variable 
speed.  What  is  the  most  appropriate  and  most  efficient  method 
of  obtaining  the  variable  speed? 

3.  The  speed  of  an  alternating  current  motor  may  be  con- 
trolled in  a  number  of  ways  : 

{a)  By  v^aryingtlie  potential  applied  to  the  primary  of  a  motor 
liavino^  a  suitable  resistance  in  the  secondarv. 

ilj)  By  varying  the  resistance  in  the  secondary  circuit. 

{c)  By  changing  the  connections  of  the  primary  in  a  manner 
to  change  the  number  of  poles. 

id)  By  varying  the  frequency  of  the  applied  voltage. 

*  Presented  at  tlie  Saratoga  meeting  (June.  1903)  of  the  American  Society 
of  ]\rechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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For  tlie  benefit  of  those  not  rturiiliar  witli  tlie  polyphase  in- 
duction motor,  a  general  view  of  its  characteristics  may  be 
desirable. 

4.  These  characteristics  are  very  similar  to  those  of  the  con- 
tinuous current  shunt  motor — that  is,  at  a  constant  impressed 
voltage  and  frequency  the  speed  tends  to  be  constant,  and  a  con- 
siderable change  in  load  will'  not  cause  an  appreciable  change  in 
speed.  As  the  load  increases,  the  speed  drops  gradually  to  a 
critical  point,  usually  about  15  to  20  per  cent,  below  the  normal 
value,  and  then  the  motor  breaks  down  completely  if  the  load  is 
any  further  increased.  The  same  action  occurs  exactly  if  the 
load  is  kept  constant  and  the  voltage  is  decreased.  But  if  the 
frequency  of  alternation  of  the  impressed  voltage  is  decreased, 
the  speed  will  decrease  in  exactly  the  same  proportion.  That  is, 
for  a  given  frequency  and  a  given  number  of  poles  in  the  motor, 
the  speed  is  practically  fixed  and  independent  of  all  other  effects. 

The  one  exception  to  this  last  rule  is  the  effect  of  the  resist- 
ance (or  losses)  in  the  secondary  (usually  the  rotating)  member. 

5.  The  drop  in  speed  from  the  synchronous  value  is  directly 
proportional  to  these  losses.  Thus,  by  increasing  the  resistance  of 
this  circuit,  any  desired  speed  may  be  obtained  at  the  expense  of 
these  losses.  With  the  increased  resistance,  the  speed  at  which 
the  motor  breaks  down  may  be  reduced  to  a  very  low  value, 
even  to  zero  speed.  Thus,  by  reducing  the  voltage  applied  to 
the  motor  for  a  given  torque,  the  effect  is  produced  of  over- 
loading it,  and  the  speed  drops. 

These  characteristics  are  equally  true  for  the  two-phase  or 
three-phase  motor,  of  course,  as  the  two  motors  are  practically 
identical  in  their  construction. 

6.  In  this  connection  it  should  be  remembered  that  a  variation 
of  an  alternating  voltage  may  be  obtained  by  means  of  a  react- 
ance or  compensator  with  a  very  small  loss  of  energy,  whereas 
with  a  continuous  voltage  the  loss  of  energy  is  usually  propor- 
tional to  the  variation  in  voltage. 

Taking  up  these  methods  in  the  order  enumerated,  we  will 
analyze  their  characteristics. 

7.  Potential  Control :  In  this  a  suitable  reactance  or  ' '  com- 
pensator" reduces  the  line  voltage  to  the  fractional  value  de- 
sired. In  this  reduction  the  energy  lost  is  only  about  5  per  cent, 
of  the  amount  transformed. 

The  induction  motor  should  have  a  very  large  resistance  in  the 


Speed. 

Volts. 

Efficiency. 

Losses.  Motor. 

K.  W.  Comp 

.89 

100 

81 

8.8  K.  \V. 

0.0  K.  W 

.67 

66 

59 

18.5      " 

1.0      " 

.45 

57 

37 

32.0      " 

2.0      " 

.22 

56 

17 

45.7      " 

3.5     " 

.98 

100 

88 

5.0      " 

0.0      " 
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secondary,  wliich  is  preferably  of  tlie  s(|iiiii'('l  ca<^e  type.  Tliis 
resistance  gives  the  motor  a  spewed  cliaracleristic  such  that  its  full 
load  speed  is  some  10  per  cent,  less  than  tliat  of  a  normal  motor, 
and  as  the  load  is  increased,  the  sj)ee(l  will  fall  to  about  .'50  per 
cent,  of  this  value  without  the  motor  "  breaking  down  "  or  fall- 
ing out  of  step,  which  in  the  normal  motor  usually  takes  ])la('c 
at  about  80  ])er  cent,  of  the  full  load  sj)eed. 

8.  Such  a  motor  would  have  the  following  characteristics, 
assuming  its  synchronous  speed  as  1.00,  and  the  voltage  applied 
as  loo.  (This  is  based  on  a  50  horse-po\ver,  40  cycle  motor,  at 
800  revolutions  per  minute,  as  an  instance.) 

For  constant  full  load  (50  horse-power)  torque  at  various 
speeds  : 

Full  lo  .d  speed 

Tbree-quarter  load  speed. , 

One  half  load  speed 

One-quarter  load  speed.  . . . 
Normal  motor  (full  speed). 

From  this  we  see  the  principal  and  worst  characteristic  of  this 
scheme.  The  increased  losses  in  the  motor  (thus  increased  heat- 
ing) with  the  decreased  speed.  This  means  that  the  motor  must 
be  larger  than  normal. 

9.  Rheostat  Control:  In  this  scheme  the  secondary  or  rotor 
must  have  a  definite  winding  (as  opposed  to  the  squirrel  cage, 
which  is  cheaper)  with  slip  rings  and  brushes  to  lead  out  the 
current.  The  friction  and  resistance  losses  due  to  these  brushes 
decrease  the  efficiency  of  the  motor  somew^hat.  The  secondary 
is  usually  wound  for  a  higher  voltage  and  less  current  than  in 
the  standard  or  normal  motor,  to  minimize  these  losses.  The 
action  of  this  method  is  based  on  the  principle  that,  in  an  induc- 
tion motor,  the  drop  in  speed  for  any  given  torque  is  propor- 
tional to  the  resistance  of  the  secondary  circuit. 

10.  This  scheme  would  show  the  following  characteristics  for 
the  same  motor  as  before  at  50  horse-power  torque,  constant  : 

Speed.  Volts.    Efif.  Losses,  Motor.      Rheo. 

Full  load  speed 9G  100      86  5K.W.     0.0  K.  W. 

Three-quarter  load  speed 72  100      65  5      "         9.0      " 

One-half  load  speed 48  100      43  5      "       18.5      " 

One-quarter  lond  speed     24  100      22  5      "       28  0      " 

Normal  motor  (full) 98  100      88  5      "        0.0      " 
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As  will  1)0  seen,  this  luetbod  gives  a  higher  efficiency  through- 
out, but  particularly  excels  the  previous  method  in  having  so 
inuch  smaller  losses  in  the  motor  itself,  thus  ])ermitting  of  a 
smaller  design  and  less  danger  of  damage.  The  losses  are  con- 
centrated in  a  rheostat,  which  is  a  cheaper  piece  of  apparatus 
and  less  liable  to  damage,  being  of  iron  and  asbestos  usually, 
instead  of  high  grade  insulating  materials,  as  in  the  motor  proper. 

11.  ChaiKjectble  Poles :  By  using  a  pitch  of  winding  Avhich  is 
commensurable  w^ith  tw^o  numbers  of  poles,  we  may  build  a 
motor  which  will  operate  with  either  4  or  8,  6  or  12,  etc.  poles, 
by  a  slight  change  of  the  connections.  Or  by  a  more  intricate 
arrangement  of  windings  a  change  from  4  to  6,  6  to  8,  etc.,  ma}^ 
be  made. 

In  this  arrangement  it  is  necessary  to  use  a  squirrel  cage 
armature,  since  it  is  suitable  for  an}^  number  of  poles,  and  the 
])itch  of  the  primary  coils  has  to  be  made  some  compromise  value 
between  the  normal  pitch  of  the  two  combinations,  so  it  is  usuall}" 
not  the  best  or  most  effective  pitch  for  either  number  of  poles. 
Therefore  the  constants  of  this  motor  should  not  be  expected  to 
be  as  good  as  those  of  the  standard  motor. 

Of  course  such  a  motor  operates  advantageously  only  at  tw^o 
speeds  corresponding  to  the  synchronous  speeds  of  the  two 
arrangements.  Thus,  a  12  and  6  pole  motor  at  40  cycles  would 
operate  at  either  400  or  800  revolutions  respectively. 

If  a  Avider  range  is  desired,  the  potential  control  scheme  first' 
mentioned  may  be  combined  with  it. 

12.  For  a  motor  operating  at  full  and  half  speeds,  say  with 
6  and  12  poles  for  800  and  400  revolutions,  we  Avould  have  : 


Full  speed,  50  horse-power. 
Half  speed,  25  horse-power 


Volts. 

Eff. 

Losses. 

100 

86 

5.8 

100 

74 

6.6 

Thus,  for  full  load  torque  at  half  speed  we  get  an  efficiency 
almost  double  that  obtained  with  the  other  methods,  but  what 
losses  there  are  are  in  the  motor  itself,  as  in  the  first  case.  The 
losses  are  about  the  same  in  the  two  cases,  the  speed  thus  the 
ventilation  being  half  in  one  case,  the  heating  is  greater  at  the 
loAver  speed. 

13.  Yariable  Frequency :  Every  induction  motor  tends  to  run 

60  X  frequency, 
at  synchronous  speed — that  is,  at  a  speed  equal  to  Poles 

2 
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Thus,  if  ;i  (iitrorent  fro(]non(\v  is  mipit'sscd  on  tlu^  inotof,  it  will 
run  at  a  (liH\Mviit  s|kh'(I.  Some  iiislullatiuns  liave  Ixhmi  uuuUt 
wliero  two  or  tlnve  alternating-  current  generators  aie  iiseil  to 
obtain  different  frequencies,  and  tliese  circuits  are  carried  iiround 
the  shops  by  various  sets  of  lines  (usually  three  in  eacii  set)  and 
the  motor  connected  to  the  lines  giving  the  frecjueiicy  and  s|)eed 
desired.  For  normal  losses  in  the  iron  the  voltage  must  vary 
with  the  fre(|uency.     Tlius  for  full  and  half  speed  we  have  : 


Volts. 

Eff. 

Los.-e.-". 

100 

88 

5 

50 

87 

2.8 

Fall  speed.  50  horse  power 

Half  spetd,  2")  horsepower 

Itt.  Generators  have  been  built  having  two  stationary  arma- 
tures in  the  same  frame  and  two  revolving  fields,  with  a  differ- 
ent number  of  poles  on  the  same  shaft  to  give  the  multiple  fre- 
quency desired.  An  application  of  this  principle,  which  is  very 
pretty  theoretically,  is  that  of  a  very  small  variable  speed  induc- 
tion motor  (wdiose  losses  are  negligible)  which  drives  a  com- 
mutator feeding  the  primary  of  the  load  machine;  by  a  suitable 
control  of  the  little  motor  any  desired  frequency  may  be  supplied 
to  the  load  machine  from  zero  to  full  value,  thus  it  may  be 
started  and  run  at  any  desired  s[)eed.  A  variation  of  this  is  to 
attach  the  commutator  to  the  shaft  of  the  load  machine  and  the 
brushes  to  the  shaft  of  the  controlling  motor,  thus  Avhen  the 
load  machine  is  standing  still  the  lorushes  revolve  at  almost  full 
speed  on  the  commutator,  and  a  very  low  frequency  is  obtained 
in  the  commutated  circuit.  As  the  load  machine  speeds  up,  the 
difference  in  the  speeds  of  the  commutator  and  the  brushes  de- 
creases, and  hence  the  frequency  increases  until  that  time  when 
the  commutator  and  brushes  are  revolvinij  to(2:ether  at  the  same 
speed  when  there  is  no  commutation  and  the  load  machine 
receives  full  frequency. 

Summary. 

15.  From  these  descriptions  it  will  be  seen  that  the  change- 
able pole  and  variable  frequency  methods  are  the  most  efficient, 
but  do  not  permit  of  a  variation  through  a  wide  range  of  speed. 
The  rheostatic  control  is  the  simplest  and  easiest  of  control, 
giving  a  range  from  standstill  to  full  speed,  but  is  not  as  efficient 
as  the  first  two,  although  more  efficient  than  potential  control. 
The  last  mentioned  has  the  disadvantages  of  low  efficiency  and 
considerably  increased  heating  in  the  motor  itself,  and  is  also 
unstable  at  low  speeds,  say  below  one-third   speed.     That  is. 
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a  small  variation  in  torque  or  a  smaller  variation  in  voltage  will 
cause  a  considerable  variation  in  speed. 

IT).  The  potential  control  is  used  where  moderate  variations 
in  speed  are  wanted,  not  reaching  to  less  than  half  speed  for  in- 
stance, and  where  the  load  is  intermittent,  not  giving  the  motor 
a  chance  to  get  too  hot.  Its  great  disadvantage  is  the  amount 
of  current  it  takes  at  starting,  which  causes  considerable  disturb- 
ance in  the  supply  circuit,  flickering  of  lights,  etc.,  due  to  the 
drop  in  voltage.  The  motor  used  is  a  cheaper  one  to  build  (for 
the  same  size)  than  the  others,  but  if  anything  like  continuous 
running  is  desired,  the  motor  must  be  larger,  thus  much  of  this 
advantage  is  lost. 

lY.  One  advantage  of  this  motor  is  that  it  may  be  totally  en- 
closed for  use  in  powder  mills,  oil  refineries  or  where  much  dust 
or  corrosive  vapor  is  encountered,  as  it  may  be  controlled  from 
a  distance  without  increasing  the  number  of  wires. 

18.  The  rheostatic  method  is  particularly  adapted  where  fre- 
quent starting  and  low  speeds  are  required,  as  it  causes  no  un- 
usual drain  on  the  supply  system  when  starting.  Thus  it  is  used 
for  hoists,  elevators,  etc. 

The  changeable  pole  system  has  the  same  disadvantages  in 
starting  as  the  potential  control.  For  long-continued  running 
at  only  two  dilferent  speeds  it  is  excellent,  and  has  constants 
comparable  with  those  of  a  continuous  current  motor. 

19.  To  vary  the  frequency  of  alternation  for  the  motor  re- 
quires an  increased  investment  in  generating  station  or  auxiliary 
apparatus  and  line  copper,  and  the  greater  the  number  of  speeds 
desired,  the  greater  this  complication;  but  in  its  action  and 
economy  it  is  equal  to  any. 

One  point  Avhich  is  important  to  bring  out  is  that  with  the 
changeable  pole  and  changeable  frequency  systems  the  motor  will 
not  var}^  appreciably  from  the  set  speed  for  changes  of  load,  while 
with  either  potential  or  rheostatic  control,  a  change  of  load  will 
cause  an  appreciable  variation  from  the  desired  speed,  requiring 
a  readjustment  of  the  potential  or  resistance  to  bring  the  speed 
to  the  desired  value  again. 

DISCUSSION. 

Mr.  George  W.  Colles. — The  interesting  summary  here  pre- 
sented of  the  different  attempted  solutions  of  the  variable-speed 
induction-motor  problem  serves  to  emphasize  the  fact  that  the 
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])robloin  has  not  yet  been  solved.  Priictieally,  then,  the  *^^(;n- 
enil  impression  "  (to  use  the  author's  words)  ''  tliat  a  variable 
speed  eannot  be  obtained  with  an  alternating  current  motor"  is 
in  the  main  correct. 

It  seems  to  me  that  the  author  does  not  ])lace  before  us,  as  h(i 
sliould  before  a  mechanical  rather  than  electrical  Society  like 
ours,  the  bearing  and  significance  of  the  i)roblem  in  hand,  but 
])lunges,  so  to  speak,  ''  in  medias  res'"*  or  in  ])lain  United  States, 
has  given  us  a  magnified  view  of  the  center  of  the  [)icture  with 
no  perspective  of  the  whole.  At  the  risk  of  repeating  what 
everybody  knows,  I  venture  to  supply  in  a  few  words  this 
omission. 

Ten  years  ago  there  was  no  demand  for  an  alternating-current 
motor.  At  that  time  all  our  electric  power  work  was  ])erformed 
from  and  on  direct-current  circuits.  Not  that  the  utility  of 
such  a  motor  was  not  recof]:nized — as  it  certainlv  had  been  long- 
before  even  direct-current  motors  came  into  use — but  sim{)ly 
that  it  had  not  been  invented.  The  synchronous  alternating 
motor,  which  is  an  alternating-current  generator  turned  around, 
was  and  is  "  out  of  it,"  for  it  requires  a  commutator  or  exciter 
even  when  it  can  be  made  self-starting,  which  normally  it  is  not. 

About  that  time  the  induction -motor  with  squirrel-cage  arma- 
ture was  invented  by  von  Dolivo-Dobrowolsky  in  Germany. 
But  this  itself  was  a  product  of,  and  depended  for  its  existence 
on,  the  polyphase  system  of  transmission,  first  patented  by  Tesla 
in  1888,  and  which  we  owe,  commercially  speaking,  unquestion- 
ably to  him,  as  much  as  we  owe  the  telegraph  to  Morse.  The 
invention  of  this  system  stands  forth  as  the  grand  electrical 
invention  of  our  generation,  and  did  more  to  develop  electricity 
as  a  means  of  power-transmission  than  anything  since  the  inven- 
tion of  the  dynamo.  AVhat  this  means  will  be  evident  when  we 
consider  that  without  it  our  enormous  schemes  for  power-devel- 
opment and  long-distance  transmission  would  have  no  existence. 

The  solo  reason  for  this  is  that  the  polyphase  current  is  a  kind 
of  link  between  the  direct  and  alternating  currents,  partaking  of 
the  characteristics  and  having  the  principal  advantages  of  both. 
For  lighting  the  alternating  current  is  perfectly  satisfactory, 
hence  almost  the  sole  advantage  of  polyphase  current  as  com- 
])ared  with  the  alternating  is  that  it  provides  for  power-trans- 
mission. The  polyphase  current  finds  its  rai-son  (ntre^  then,  in 
the  polyphase  motor — practically  the  induction -motor,  as  that 
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is  llio  only  one  in  extensive  use;  and  conversely,  the  induction- 
motor  finds  its  excuse  for  existence  in  the  polyphase  current. 

It  need  scarcely  be  said  that  the  great  advantage  of  the  alter- 
nating current  lies  in  the  economy  it  offers  for  long-distance 
transmission,  by  reason  of  its  ready  transformability  in  line- 
tension  by  stationary,  cheap  and  highly  economical  apparatus. 
As  long,  therefore,  as  no  long-distance  transmission  question  is 
present,  there  is  tio  question  about  motors,  for  in  point  of  flexi- 
bility and  econom}^  the  direct-current  motor  leaves  hardly  any- 
thing to  be  desired. 

The  direct-current  motor  has,  however,  one  important  and 
apparently  insuperable  defect,  the  commutator,  which  adds  much 
to  the  expense  and  renders  the  motor  liable  to  injury.  The 
induction-motor  has  the  great  merit  and  advantage  of  having  no 
commutator,  and,  in  its  simple  form,  no  exposed  conductors  or 
slidino'  connections  at  all. 

As  the  alternating  or  polyphase  (virtually  a  compound  alter- 
nating) current  is  evident!}^  with  us  to  stay,  and  increasingly  so, 
the  need  for  an  induction-motor  to  replace  the  direct-current 
motor  for  all  purposes  becomes  increasingly  urgent.  The  use  of 
direct-current  motors  on  a  polyphase  system  through  the  inter- 
mediary of  rotary  transformers  and  the  like  can  never  be  re- 
garded as  anything  but  an  awkward  makeshift,  because  neces- 
sarily it  involves  the  use  of  two  motors,  each  of  full  capacity,  to 
do  the  work  of  one,  together  with  all  that  that  imphes,  double 
cost,  double  attendance,  double  repairs,  double  transmission- 
losses.  And  the  smaller  the  proportion  of  direct-current  motors, 
the  more  awkward  does  it  become. 

As  an  instance  of  this,  I  may  mention  that  the  Montreal  Heat, 
Light  and  Power  Company  has  recentl}^  given  its  customers 
notice  that  no  more  contracts  for  direct-current  motors  would  be 
renewed,  so  it  is  a  matter  of  very  serious  concern  to  Montreal 
power  users  to  get  along  with  direct-current  motors  in  future. 
The  power,  which  is  supplied  entirely  from  outside  water-power, 
will  henceforward  be  obtainable  only  as  polyphase  current. 

The  main  reason  why  it  is  so  hard  to  dispense  w^itli  direct- 
current  motors  is  because  the  ordinary  inductor-motor  cannot 
be  run  at  variable  speed.  Where  only  a  fixed  speed  is  required, 
as  for  running  a  line-shaft,  of  course  this  is  no  disadvantage  but 
rather  an  advantage,  but  for  numerous  purposes  the  machine  to 
be  run  must  be  capable  of  different  speeds,  and  a  motor  which 
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runs  ;it  (lillonMit  speeds  iinist,  of  cours(\  <!(►  so  ;it  rcjison;iblu 
cniciency. 

Of  the  four  jmssible  methods  ^iven  by  the  autlior,  the  first  is 
undoubtedly  the  siui])lest,  as  liere  it  is  merely  necessary  to  insert 
a  compensator  in  circuit  Avith  the  motor.  This,  liowever,  is 
decidedly  unsatisfactory,  as,  owing  to  the  necessity  of  having 
a  higli-resistance  secondary,  even  the  full-s])eed  efficiency  of  the 
motor  is  largely  reduced,  while  at  quarter-speed  it  is  but  17  per 
cent.,  and  even  at  half-speed  only  37  per  cent.,  while  at  the 
same  time  the  heating  of  the  motor  due  to  all  this  waste  of 
energy  is  something  frightful,  and  practically  prohibits  its  use 
at  those  speeds.^'  Hence  this  is  a  very  imperfect,  l)esides  un- 
satisfactory, solution  of  thQ  problem. 

All  the  other  solutions  given  may  be  labeled  at  once  too  com- 
plicated. Xot  that  they  are  so  for  use  as  makeshifts,  for  some 
solution  must  be  adopted,  but  they  cannot  be  regarded  as  other 
than  makeshifts.  The  resistance-in-secondary  method  is  the 
only  one  that  has  been  used  to  any  extent.  This  completely 
nullifies  the  meritorious  natural  features  of  the  motor,  whose 
complete  freedom  from  exposed  contacts,  commutator  and  slip- 
rings,  and  simple  squirrel-cage  made  it  much  simpler,  and  there- 
fore cheaper,  than  the  direct-current  motor;  and  it  now  becomes 
considerably  more  expensive  and  delicate,  and  considerably  less 
efficient.  The  efficiency  is  now  but  G5  per  cent,  at  f  load,  43 
])er  cent,  at  \  load,  and  only  22  per  cent,  at  \  load.  This 
method  is  also  of  extremely  limited  application  and  unsatisfac- 
tor}^  from  every  point  of  view. 

The  pole-changing  method  is  still  more  complicated  in  practi- 
cal development  and  still  more  limited  in  application,  as  here 
w^e  have  only  two  or  three  fixed  speeds  with  no  variation. 

The  complication  of  the  frequency-changing  plan  may  be 
obvious  when  we  consider  that  for  every  variation  of  speed,  or 
rather  every  different  speed,  we  require  ihrt^e^  or  at  least  iioo., 
more  line- wires  and  another  set  of  generators  at  the  station. 
Consider  that  three  or  four  line- wires  for  one  speed  are  already 
too  many,  and  then  think  of  adding  say  six  more  line-wires  to 
that,  all  to  obtain  two  more  speeds! 

*  The  rapid  decrease  in  efficienc}'  and  accompanying  heating  with  decrease  of 
speed  is  due  primarily  to  the  large  increase  in  the  ao-called  wattless  current, 
which  is  a  necessary  consequence  of  the  reactance  brought  in  with  the  compen- 
sator, and  inseparable  therefrom. 
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The  other,  or  ^Hlieoretical "  pr()])osed  variation  of  tliis  idea, 
is  indeed  theoretically  almost  perfect;  but  unfortunately  in- 
volves the  two  mountainous  practical  'difficulties  of  an  auxiliary 
tnoior  and  roiatimj-hruHhes  (including,  of  course,  a  commutato»), 
either  of  which  is  prohibitory. 

Unquestionably  the  frequency-changing  solution  is  the  solu- 
tion par  excellence^  could  we  but  reach  it;  it  is  the  frequency 
that  fixes  the  speed  of  the  motor,  hence  the  frequency  that 
stands  in  the  way  of  changing  it.     Bat  how  chamje  the  frequency  f 

It  is  just  here  that  the  art  sticks,  and  it  is  safe  to  predict  that 
the  man  who  invents  a  method  for  universal  frequency-transfor- 
mation without  introducing  more  difficulties  than  those  he  obvi- 
ates, will  have  a  fortune  at  liis  command.  There  seems  abso- 
lutely no  outlook  in  this  direction,  as  I  have  pointed  out  in 
another  place.  ^ 

Induction -motors  are  much  more  largely  used  in  Europe  than 
America,  for  the  reason  that  they  are  ahead  of  us  in  polyphase- 
current  development;  many  of  their  railways  are  equipped  with 
it.  For  railway  work  the  second,  or  rheostat  method  of  speed 
variation  is,  I  believe,  in  most  general  use.  Its  great  objections 
in  work  like  railways  and  elevators,  where  frequent  starting 
and  stopping  under  heavy  load  is  required,  are  still  further  mag- 
nified, and  the  average  efficiency  of  the  motor  reduced  to  a  very 
low  figure  indeed. 

Practically,  the  solution  adopted  in  this  country,  is  ordinarily 
to  introduce  variable-speed  gearing  between  the  motor  and  the 
driven  machine,  while  the  motor  itself  remains  at  fixed  speed. 
This,  while  in  fact  no  solution  at  all,  but  a  ^' dodge,"  is  prob- 
ably the  most  satisfactory  mode  of  settling  the  matter,  where  it 
is  applicable — which  it  is  not  in  all  cases — so  long  as  we  can 
have  nothing  better,  and  the  fact  that  this  circumvention  is 
adopted  in  preference  to  any  of  the  proffered  '^  solutions,"  shows 
that  the  latter  are  not  what  they  claim  to  be. 

This  question  of  finding  a  variable-speed  motor  to  run  on 
polyphase  circuits  is  no  academic  question,  but  one  which  the  me- 
chanical engineer  will  have  to  face,  and  the  electrical  engineer 
will  have  to  solve,  in  the  near  future.  At  the  present  rate  of 
development,  it  is  clear  that  within  a  few  years  more  our  rail- 

*  "  Frequency-transformation,"  Jour.  Frank.  Inst.,  July,  1901  (in  art.  Rotary 
Transformers). 
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ways  and  elevators  will  all  l)e  run  on  |>()lyj)liase  or  alternating 
circuits,  aiul  some  substitute  for  the  direct -current  motor  must 
necessarily  bo  found.  As  moreover  the  mechanical  engineer  is 
oblioed  with  eacli  year  to  hwn  more  and  more  on  the  electric 
current,  and  that  current  a  ])oly|)hase  current,  the  (juestion  of 
motors  is  one  in  which  lie  neetls  to  feel  more  than  a  hiUL'-uid 
interest. 

2[r.  Slichter.^' — As  stated  in  the  first  jiaragraph  of  the  ])ai>er, 
no  claim  was  made  that  any  of  the  methods  described  for  con- 
trolling the  speed  of  an  alternating-current  motor  were  ecjual  in 
economy  to  the  employment  of  a  direct-current  motor.  It  must 
be  acknowledged  that  speed  control  is  the  weak  feature  of  the 
alternating-current  motor  as  constructed  at  present.  Though  it 
is  probable  that  a  variable-speed  alternating-current  motor  will  be 
developed  in  time,  at  present  we  are  confronted  with  the  dilemma 
that  alternating-current  systems  are  increasing  in  api)lication 
very  rapidly  and  variable  speed  of  such  motors  can  only  be  ob- 
tained by  the  methods  described.  The  question  for  the  mechani- 
cal engineer  is,  therefore,  which  of  the  available  methods  will 
best  suit  my  conditions. 

Perhaps  it  would  make  the  subject  clearer  to  give  the  analo- 
c^oxxs  methods  of  controllino^  the  direct-current  motor  in  each 


case. 


The  most  used  and  best  direct-current  system  of  .control  is  the 
multi-voltage  system.  In  this  there  are  as  many  economical 
running  speeds  as  there  are  voltages.  This  corresponds  either 
to  the  variable-frequency  or  changeable-])ole  control  of  the 
alternating-current.  By  having  two  generators  and  live  wires, 
two  economical  speeds  may  be  obtained,  by  constructing  the 
motors  with  changeable  poles  two  (or  even  three)  other  speeds 
may  be  obtained,  making  four  or  six  speeds  with  only  a  slight 
change  in  the  efficiency. 

If  now  it  is  desired  to  obtain  still  further  variations  from 
these  set  speeds,  Ave  would  manipulate  the  shunt  field  of  a  direct- 
current  motor.  This  Avould  impair  the  efficiency  somewhat,  as 
Avith  a  weaker  field  the  armature  would  require  more  current 
for  a  given  torque,  thus  increased  copper  loss. 

In  the  alternating-current  motor  we  would  now  change  the 
impressed  voltage  on  the  motor,  and  since  only  a  slight  change 

*  Author's  Closure,  under  the  Rules. 
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in  speed  (varying  between  the  two  set  speeds)  is  required,  the 
resistance  of  the  secondary  need  not  be  so  great  and  prohibitive 
as  in  tlie  case  given  in  the  table,  thus  tlie  efficiency  would  not 
be  much  reduced  below  the  value  a  direct-current  motor  would 
give.  For  the  alternating-current  motor  to  begin  Avith  has  not 
the  disadvantage  of  a  commutator  and  the  losses  appertaining 
thereto. 

If  a  still  greater  range  of  speed  were  desired,  we  would  insert 
a  resistance  in  series  with  the  armature  of  the  direct-current 
motor.  Similarly  in  the  alternating-current  motor  we  would 
connect  a  resistance  in  the  secondary  circuit.  The  effect  on  the 
efficiency  would  be  exactly  the  same  with  both  the  alternating- 
current  and  direct-current.  The  alternating-current  motor 
would  have  the  practical  advantage,  in  that  the  circuit  of  this 
rheostat  is  entirely  independent  from  the  primary,  and  there  is 
no  danger  from  a  ground,  while  in  the  direct-current  the  rheo- 
stat becomes  part  of  the  main  line,  and  must  be  as  carefully 
insulated  as  any  part  of  that  circuit. 

Thus  there  is  considerable  similarity  between  the  two  motors, 
and  not  so  very  great  a  difference  in  the  economy  of  similar 
methods.  But  a  great  difference  may  be  made  by  choosing  a 
method  appropriate  to  the  service  required.  Thus  in  the  above 
combination,  four  sets  of  speeds  are  obtained,  with  gradations 
of  from  10  to-  20  per  cent,  above  and  below  these  set  speeds  and 
an  efficiency  varying  between  YO  as  a  minimum  and  86  as  a 
maximum. 

There  are  two  minor  statements  made  by  Mr.  Colles  with 
which  I  wish  to  take  issue.  The  first  is  that  the  decrease  of 
efficiency  and  increase  of  heating  of  the  alternating-current 
motor  has  anything  to  do  with  the  compensator.  These  effects 
are  peculiar  to  the  motor  proper,  and  result  from  the  action  of 
operating  the  motor  at  a  large  overload,  which  has  the  effect  of 
causing  it  to  give  out  its  full  load  torque  at  a  reduced  voltage. 
For  a  given  impressed  voltage  the  motor  has  a  well  defined 
range  of  load,  and  if  at  any  voltage,  compensator  or  not,  the 
motor  be  loaded  above  this  range,  large,  wattles  currents  will 
flow  and  the  motor  will  become  unduly  heated. 

The  other  point  is  that  the  development  of  the  polyphase-cur- 
rent in  Europe  is  further  advanced  than  in  America.  This  im- 
pression is  caused  by  the  fact  that  due  to  the  smaller  scale  on 
which  most'  things  are  undertaken  there,  the  complications  of 
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j)f)ly|)liasc  work,  such  ;is  railroading-,  ;iro  not  prohibitive  as  they 
would  bo  here. 

American  eno-ineers  would  not  equip  a  railroad,  havin<;-  any 
considerable  tralHc,  with  the  cumbersouio  overhead  construction 
and  coni])licated  controllinij:  a])paratus  which  are  nec(»ssary  to 
obtain  the  minute  speed  and  tonpie  variations  recpiired  for  rail- 
way work,  but  are  working  towards  the  development  of  a  motor 
which  will  require  only  one  circuit,  and  will  have  the  variable- 
speed  characteristics  of  the  direct-current-series  motor. 
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A   METHOD    OF  TESTING    GAS  ENGINES.] 

BY  E.   C.    OLIVER,   MINNEArOLIS,  MINN. 

(Junior  Member  of  the  Society.) 

1.  The  objects  of  gas  engine  tests  vary  all  the  way  from  the 
simple  determination  of  the  brake  horse-power  developed,  to  the 
more  extensive  problems  involving  the  distribution  of  the  heat 
supplied  in  the  form  of  fuel,  and  the  determination  of  the  tem- 
peratures at  various  points  throughout  the  cycle. 

Experimenters  who  have  taken  up  this  line  of  work,  seem  to 
have  recognized  some  difficulties  in  the  way  of  making  a  really 
satisfactory  test  of  the  latter  sort,  and  most  tests  which  are  on 
record  have  their  results  based  on  some  assumptions ;  the  results 
then  can  only  be  accurate  to  a  measure  depending  on  the  accu- 
racy of  the  assumption. 

The  difficulties  referred  to  are  encountered  when,  it  is  attempted 
to  obtain  accurately  the  weight  of  air,  weight  of  gas  and  the 
temperature  of  the  exhaust  gas  at  atmospheric  pressure. 

2.  The  usual  method  is  to  measure  the  air  and  gas  through 
meters  of  suitable  size,  a  specially  large  one  being  required  to 
handle  the  quantity  of  air  required  by  the  engine.  AYhen  these 
meters  are  available  we  are  still  confronted  with  their  inherent 
defects;  they  must  first  be  carefully  calibrated  under  given  con- 

*  Presented  at  tlie  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

\  For  further  discussions  on  this  topic  consult  Transactions  as  follows  : 
No.   843,   vol.   xxi.,   p.   396:  "Test  of  125  Horse-power  Gas  Engine."     C.  H. 

Robertson. 
No.  875,  vol.  xxii.,  p.  152:  "Efficiency  of  Gas  Engines  as  Modified  by  Point  of 

Ignition."     C.  V.  Kerr. 
No.  895,  vol.  xxii.,  p.  612  :  "  Efficiency  Tests  of  a  125  Horse-power  Gas  Engine." 

•C.  H.  Robertson. 
No.  940,  vol.  xxiii.,  p,  686:  "  Temperature  of  Exhaust  Gases."     R.  H.  Fernald. 
No.  950,  vol.  xxiii.,  p.  704:  "Working  Details  of  Gas  Engine  Tests."     R.  II. 

Fernald. 
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ditions,  aiul  this  is  usually  done  \)y  comparin^j^  tlicMii  with  an- 
other *' Standard"  meter,  which  is  supposed  to  be  correct. 
When  used  in  tlie  test,  the  conditions  must  be  the  same  as  dur- 
in<^  the  calibration,  or  the  results  cannot  l)e  relied  upon,  and  the 
irregular  flow  which  must  be  ])roduced  ])y  the  action  of  the  (en- 
gine is  not  conducive  to  accuracy,  even  though  elastic  bags  are 
))laced  between  the  engine  and  the  meter. 

3.  There  are  tests,  however,  in  which  gas  meters  may  be  used 
to  give  results  in  a  satisfactory  w^ay  :  First,  commercial  tests  in 
which  it  is  desired  to  ascertain  the  gas  consumption  per  horse- 
power per  hour,  in  order  to  obtain  the  expense  of  operating  the  en- 
gine. In  this  case  the  gas  Avill  subsequently  be  paid  for  by  meter, 
and  the  consumption  by  meter  is  w^hat  we  desire;  second,  in 
cases  where  other  means  are  not  available,  the  meter  can  of 
course  be  relied  upon  to  give  results  approxinuitely. 

4.  The  temperature  of  the  exhaust  gas  has  been  referred  to  be- 
fore in  this  Society,  and  was  the  subject  of  a  paper  presented  by 
Mr.  K.  H.  Fernald  at  the  spring  meeting  last  year.  It  is,  I  think, 
recognized  that  the  pyrometer  method  is  not  accurate  because  of 
the  short  time  required  for  the  gas  to  pass  over  the  instrument, 
and  the  comparatively  long  time  between  these  passages.  The 
method  proposed  by  Mr.  Fernald,  although  ingenious,,  would 
not,  I  think,  give  the  actual  temperature  of  the  exhaust,  but 
might  be  used  as  the  basis  of  a  calculation  leading  to  an  approxi- 
mate value  for  this  temperature. 

5.  While  engaged  in  the  Mechanical  Engineering  Laboratory  of 
the  University  of  Illinois,  the  w^riter  was  interested  in  conduct- 
ing some  tests  on  a  10  horse-power  Otto  gas  engine,  the  object 
being  to  determine  the  distribution  of  the  heat  supplied  by  the 
fuel  and  the  temperature  at  various  points  in  the  cycle. 

These  tests  involved  the  measurements  before  referred  to,  and 
led  to  the  adoption  of  some  methods  for  obtaining  these  quanti- 
ties different  from  those  ordinarily  used,  and  which  seemed  to 
give  very  much  more  accurate  results. 

The  object  of  this  paper  is  to  describe  the  methods  and  appar- 
atus used,  and  to  submit  the  results  of  the  tests. 

The  data  on  which  the  results  were  based  w^ere  as  follows  : 
Indicated  horse-power;  brake  horse-power;  weight  of  air; 
Aveight  of  fuel;  heat  rejected  to  exhaust;  heat  absorbed  by 
jacket;  total  revolutions;  total  explosions;  analysis  of  fuel; 
analysis  of  burned  gas;  engine  constants;  duration  of  test. 
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Indicated  Horse-Power. 

0.  Two  Crosby  indicators  were  used,  connection  with  the  cylin- 
der being  made  by  a  J-inch  tee  and  a  nipple  tapped  into  the  cover 
of  tlie  exhaust  valve  chamber.  One  was  a  special  gas  engine  indi- 
cator with  a  piston  J  of  a  square  inch  area,  in  which  a  240-pound 
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sample  indicator  diagrams. 
Fig.  185. 


spring  was  used.  The  other  was  a  steam  engine  indicator  with 
a  piston  -J  of  a  square  inch  area,  in  which  a  60-pound  spring  was 
used.  This  indicator  also  had  a  brass  collar  on  the  piston  rod, 
to  act  as  a  stop  when  the  pressure  rose  to  100  pounds.  Thus  two 
diagrams  were  obtained,  one  of  which  represented  the  entire 
cycle  to  a  scale  of  1  inch,  equal  to  210  pounds  pressure,  and  the 
other,  pressures  from  release  through  exhaust,  suction,  and  com- 
pression to  ignition  on  a  scale  of  1  inch,  equal  to  60  pounds 
pressure. 

Fig.  185  shows  sample  indicator  diagrams  from  each  indicator. 
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Metallic  surface  cards  and  brass  points  were  used  on  llir  indi- 
cators, and  tlie  si)rint;'s  were  calibrated  witli"  steam  j)ressure.  A 
])iece  of  wet  cotton,  waste  was  kept  lying*  on  and  juonnd  the 
cylinders,  and  the  pistcjiis  WT>re  oiled  after  two  or  three  dia<^ranis. 

To  obtain  the  mean  elfective  pressure  from  the  indicator 
diagrams  to  be  used  in  computing*  the  indicated  horse-power,  the 
mean  effective  pressure  of  the  lower  loo])  of  the  low  pressure 
diagram  w^as  subtracted  from  the  mean  effective  pressure  of  the 
main  or  upper  loop  of  the  high  pressure  diagram,  the  difference 
being  taken  as  the  net  mean  effective  pressure. 

Brake  Horse-Power. 

7.  The  power  of  the  engine  was  absorbed  by  means  of  a  Prony 
brake,  a  slightly  improved  form  of  which  is  sliown  in  Fig.  ISO. 

A  cast-iron  w^ater-cooled  brake-wheel  2-i  inches- in  diameter 
and  about  4^  inches  wide  was  made  to  bolt  to  the  fly-wheel  in 
place  of  the  driving  pulley. 

The  brake-shoes  w^ere  of  soft  w^ood  (poplar  in  this  case),  backed 
by  l-inch  maple  pieces.  The  arm  is  built  up  of  |-incli  pipe  antl 
fittings,  and  fastened  to  the  brake-shoes  by  floor  flanges.  The 
lower  shoe  is  connected  rigidly  to  the  brake-arm,  and  the  upper 
shoe  is  connected  by  means  of  a  right  and  left  nipple,  wiiicli  is 
a  loose  fit  in  both  the  tee  and  the  floor  flange,  so  that  it  may  be 
adjusted  w^ith  the  fingers.  A  bolt  through  the  vertical  pipe  con- 
nected all  rigidly  together  when  in  place.  The  object  of  the 
right  and  left  nipple  is  to  allowvfor  w^ear  on  the  shoes,  and  per- 
mit the  brake  to  be  easily  removed  from  the  wheel.  "When  in 
use  the  load  adjustment  is  made  entirely  with  the  hand  wdieel  at 
the  left.     , 

The  counterweight,  though  not  a  necessary  part  of  the  brake, 
is  useful  because  the  pressure  as  read  from  the  scale  is  net,  no 
correction  being  required  for  the  weight  of  the  arm. 

The  shoes  are  built  up  of  material  -J-  and  ^-inch  thick,  alternat- 
ing; the  -l^-inch  strips  form  the  bearing  surface,  the  ^-inch  strips 
being  cut  aw^ay  for  about  -J  inch  from  the  wheel.  The  strips  are 
also  slightly  inclined  across  the  face  of  the  shoe,  so  that  the  bear- 
ing is  not  continuous  across  its  width,  but  is  a  series  of  bands 
slightly  slanted,  the  object  of  this  arrangement  being  to  insure 
smooth  and  even  lubrication. 

In  operation  the  brake  maintains  a  steady  and  uniform  load 
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with  scarcely  any  attention,  is  capable  of  ahsorhiii^^  iniich  iiioi-e 
power  than  that  tor  wliicli  it  was  designed — 10  horse-power  at 
300  revohitions  per  minute — and  lias  obviated  many  of  the 
troubles  ])resent  with  some  other  forms  of  brakes. 

Weight  of  Air. 

8.  For  measuring  the  amount  of  air  supplied  to  the  engine  a 
storage  tank  T'of  about  90  cubic  feet  capacity  was  filled  with  air 
compressed  to  100  pounds  gauge  pressure.  This  air  was  passed 
through  an  expansion  or  reducing  valve  to  a  low-pressure  reser-* 
voir  li  of  about  10  cubic  feet  capacity,  in  which  a  pressure  was 
maintained  of  about  1  inch  of  water,  from  this  reservoir  the 
engine  drew  its  supply  during  a  test. 

The  pressure  and  temperatures  in  the  tank  T  were  read  before 
and  after  a  test,  and  the  weight  calculated  from  the  formula 
P,  Y.  —  7ri  R  T.^  in  which — P  is  the  ])ressure  in  pounds  per 
square  foot;  Fis  the  volume  of  the  tank  in  cubic  feet;  m  is  the 
weight  of  air  in  pounds;  ^  is  a  constant  for  the  gas  =  53.35, 
and  T  is  the  temperature  of  the  gas  in  Fahr.  degrees  measured 
from  absolute  zero. 

The  difference  in  the  weights  before  and  after  the  test  repre- 
sents the  amount  of  air  consumed. 

Two  pressure  gauges  were  connected  to  the  tank  T,  one  a 
high-pressure  gauge  for  the  start,  the  other,  a  low-pressure 
gauge,  for  the  finish.  The  latter  was  used  in  order  to  get  a 
more  exact  determination  of  the  pressure  at  the  stop  than  could 
be  had  with  a  high-pressure  gauge. 

The  temperatures  were  obtained  by  five  thermometers  inserted 
in  thermometer  cups  at  various  heights  on  the  tank.  These 
thermometer  cups  were  of  thin  copper  tubing,  and  the  length 
(about  two  feet)  such  that  the  bulb  of  the  thermometer  was  in 
the  middle  of  the  tank.  The  readings  of  the  thermometers  were 
averaged,  and  the  true  temperature  of  the  air  ascertained. 

9.  The  arrangement  of  the  low-pressure  tank  is  shown  in  Fig. 
187.  The  pipe  leading  from  the  high-pressure  tank  is  at  the  left, 
also  the  expansion  or  reducing  valve  and  the  manometer.  This 
reducing  valve  was  operated  by  hand,  although  some  automatic 
device  might  be  used,  and  one  was  tried  in  these  tests,  but  did 
not  give  results  as  satisfactory  as  when  a  man  was  assigned  to 
this  duty. 
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At  the  right  are  two  quick-opening  valves  A  and  B,  tlirougli 
one  of  which  the  air  must  pass  in  going  to  the  engine.  With  7? 
open  and  A  chased,  the  engine  will  draw  air  from  the  atmos- 
phere, while  with  A  open  and  B  closed,  the  supply  will  he 
drawn  from  the  tank. 

In  starting  a  test  the  air  is  compressed  in  the  storage  tank  and 
its  temperature  and  pressure  read.     At  this  time  the  engine  is 
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Fig.  187. 


running  under  the  same  conditions  as  will  exist  during  the  test. 
At  a  given  signal  the  one  who  operates  the  reducing  valve  allows 
a  slight  pressure  to  accumulate  in  the  low-pressure  tank,  while 
another  person  closes  B  and  opens  A,  simultaneously,  so  that 
the  engine  continues  its  work  without  interruption,  but  now 
drawing  its  air  supply  from  the  weighed  amount.  This  signal 
is  the  start  of  the  test.  A  thermometer  in  the  intake  pipe  at  G 
gives  the  temperature  of  the  ingoing  air. 


Weight  of  Fuel. 

10.  The  engine  was  fitted  to  use  either  gas  or  gasoline,  and  as  the 
kind  of  fuel  did  not  enter  into  the  problem,  the  latter  was  chosen 
because  it  was  in  a  form  to  be  more  accurately  weighed  or  meas.- 
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APPARATUS  FOR  WEIGHING  GASOLINE. 
Fig.  188. 
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ured,  and  a  more  uniform  quality  could  be  insured  for  any  given 
set  of  tests. 

Common  stove  gasoline  was  used-,  and  a  sufficient  amount  set 
by  to  supply  the  engine  throughout  the  tests.  A  sample  was 
analyzed  and  its  calorific  value  ascertained. 

The  apparatus  used  for  measuring  the  gasoline  is  shown  in 
Fig.  188.  It  consists  of  a  tube  for  holding  the  gasoline  from  which 
the  engine  supply  is  pumped  :  this  tube  is  made  of  a  piece  of 
2-inch  gas  pipe,  screwed  into  a  floor  flange,  and  plugged  at  the 
bottom;  near  the  lower  end  there  are  two  openings  threaded  for 
■|-inch  pipe.  Into  one  of  these  is  connected  the  pipe  which  leads 
to  the  pump,  and  into  the  other  is  screwed  a  gauge  glass  fitting 
such  as  is  used  on  boilers.  A  glass  gauge  indicates  the  height  of 
the  liquid  in  the  main  tube.  On  a  bench  beside  this  tube  is  a 
platform  scale,  on  which  rests  the  can  containing  the  gasoline, 
the  tap  in  the  bottom  of  the  can  opening  into  the  lower  tube. 
The  gasoline  is  protected  from  the  air  so  that  no  appreciable 
evaporation  may  take  place. 

When  it  is  about  time  for  starting  a  test,  the  tube  is  filled 
nearly  to  the  top  with  gasoline,  that  remaining  in  the  can  is 
w^eighed  and  the  amount  noted.  At  the  starting  signal,  the 
level  in  the  glass  gauge  is  located  by  a  cord  tied  around  the 
gauge.  As  the  test  proceeds,  the  supply  is  replenished  as  neces- 
sary, and  toward  the  end  of  the  test  the  level  is  brought  to  the 
starting  point  and  kept  there  until  the  signal  to  stop  is  given, 
when  the  gasoline  is  shut  off  and  the  can  again  be  weighed.  The 
difference  in  weight  is  the  net  weight  of  gasoline  used. 

Heat  Rejected  to  Exhaust, 

11.  A  Wheeler  surface  condenser  was  connected  to  the  exhaust 
pipe  of  the  engine,  the  same  as  it  would  be  connected  to  a  steam 
engine.  Thermometers  (Fig.  189)  were  placed  in  the  circulating 
water  pipes  so  that  the  temperature  could  be  read  before  and 
after  passing  through  the  condenser  or  calorimeter,  and  the  cir- 
culating water  was  weighed.  The  exact  amount  of  heat  ab- 
stracted from  the  exhaust  gases  could  then  be  calculated. 

The  temperature  of  the  cooled  exhaust  gas  was  measured  as  it 
passed  away  from  the  calorimeter  by  a  low-range  thermometer, 
C.  As  the  gases  were  reduced  considerably  in  volume,  and  the 
velocity  through  the  exhaust  pipe  further  reduced  by  the  muffler 
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action  of  the  condensor,  tlio  tein|K'raturo  as  indicated  by  tiiis 
tliernionieter  was  probably  nearly  correct. 

Knowing,  then,  the  final  t<,Mnj)oraturc  of  tli<'  exhaust  gas,  the 
weight  of  gas  and  the  total  heat  abstracted,  we  ma}''  calculate 
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EXHAUST  GAS  CALORIMETER. 
Fig.  189. 


the  temperature  which  must  have  existed  in  the  exhaust  gas  at 
atmospheric  pressure  before  the  heat  was  abstracted. 

The  Heat  Ahsorled  hy  the  Jacket. 

12.  The  heat  absorbed  by  the  water-jacket  was  measured  in  a 
manner  similar  to  that  of  finding  the  heat  rejected  in  the  ex- 
haust, by  weighing  the  water  and  observing  the  temperature 
before  and  after  passing  through  the  jacket. 


Duration  of  Test. 

13.  The  length  of  test  is  determined  by  the  capacity  of  the  air 
storage  tank.  When  getting  ready  for  a  test,  the  pressure  in 
the  tank  is  raised  to  about  101  pounds,  and  the  valve  between 
the  tank  and  compressor  is  closed,  the  gauge  is  then  watched  by 
an  observer  until  it  shows  just  100  pounds;  this  decrease  in 
pressure  is  due  to  the  cooling  of  the  air  in  the  tank.  AVhen  this 
pressure  is  observed,  he  gives  the  signal  to  start,  and  then  reads 
the  temperatures  in  the  tank. 

As  the  test  proceeds,  the  reduction  of  pressure  in  the  tank 
requires  the  observer  who  controls  the  reducing  valve  to  open 
his  valve  wider  and  wider  to  keep  up  the  pressure  in  the  low- 
pressure  reservoir.     Thi^,  continues  until  the  valve  is  wide  open 
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and  it  is  evident  that  tlic  air  supply  is  about  gone;  when  this 
occurs  he  gives  a  Avarning  signal  to  the  otlier  observers,  and 
watches  the  manometer  until  the  pressure  falls  to  atmospheric, 
then  gives  the  signal  to  stop. 

When  this  signal  is  given,  the  observer  at  the  storage  tank 
reads  the  pressure  and  temperature  as  before. 

Tlie  capacity  of  the  storage  tank  provided  for  a  test  slightly 
over  twenty-two  minutes  long. 

Other  Data. 

14.  The  total  revolutions  and  total  explosions  were  determined 
by  means  of  continuous  counters  actuated  b}^  a  part  of  the  mechan- 
ism of  the  engine.  The  exhaust  gas  was  sampled  at  intervals 
throughout  the  test. 

Some  difficulty  was  at  first  experienced  in  obtaining  a  steady 
flow  of  water  in  the  water-jacket  and  exhaust  calorimeter,  as 
the  supply  was  from  the  city  water  pipes,  and  any  valves  opened 
on  the  line  would  change  the  flow  at  the  engine  slightly.  This 
was  obviated  by  placing  a  tank  over  the  engine  having  a  pipe  in 
the  bottom  connected  to  the  jacket  and  calorimeter,  and  an  over- 
flow which  would  prevent  the  water  rising  above  a  definite  level. 
The  supply  from  the  city  water  was  piped  into  this  tank  and 
was  so  regulated  that  there  was  always  a  slight  overflow  from 
the*  waste  pipe  which  was  visible.  Thus  an}'-  variations  in  the 
water  pipes  had  no  effect  on  the  supply  to  the  engine. 

"Wherever  thermometers  were  used,  if  not  under  pressure,  the 
bulb  was  in  direct  contact  with  the  water  or  gas,  and  the  stem 
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was  protected  by  a  shield  as  shown  in  Fig.  190.  These  shields 
were  made  of  f -inch  gas  pipe,  with  an  opening  milled  on  the  side. 
The  lower  end  was  threaded  to  standard  gas  pipe  size  on  the  out- 
side, and  the  inside  reamed  smooth  with  a  taper  reamer.  The 
joint  between  the  thermometer  and  the  pipe  was  made  with 
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a  piece  of  rubber  tubin<^*.  They  were  easy  to  inscu'l,  and  re- 
move, and  saved  niucli  of  the  annoyance  and  ex|)ense  (hie  to 
l)reakage. 

Data  from,  Test. 

15.  From  one  of  the  several  tests  which  were  run  on  this  en<^ine 
tne  data  collected  were  as  follows  : 

Eng-ine  cylinder,  bore  5j  inches,  stroke  12^  inches. 

Clearance,  107  cubic  inches. 

Duration  of  test,  22J  minutes. 

Brake  load,  30  pounds. 

Revolutions  per  minute  average,  299.6. 

Total  number  of  explosions,  3,332. 

Weight  of  gasoline  used,  2.43  pounds. 

AVeight  of  jacket  water,  361  pounds. 

Rise  in  temperature  of  jacket  water,  47.4  degrees- Fahr.  . 

Weight  of  exhaust  cooling  water,  382  pounds. 

Rise  in  temperature  of  exhaust  cooling  water,  37  degrees  Fahr. 

Air  pressure  in  tank  at  start,  100  pounds  gauge. 

Air  temperature  in  tank  at  start,  96.8  degrees  Fahr. 

Air  pressure  in  tank  at  stop,  1  pound  gauge. 

Air  temperature  in  tank  at  stop,  78.8  degrees  Fahr. 

Volume  of  storage  tank,  89.6  cubic  feet. 

Temperature  of  air  entering  engine,  70  degrees  Fahr. 

Temperature  of  exhaust  gas  leaving  cooler,  102  degrees  Fahr. 

Scale  of  spring  in  power  indicator,  240  pounds. 

Scale  of  spring  in  pumping  indicator,  60  pounds. 

Analysis  of  gasoline. 

Carbon 838 

Hydrogen 1 55 

Impurities 007 

1.000 

Heating  value  per  pound,  18,281  British  thermal  units. 
Density — 71  degrees  Baume. 

Analysis  of  burned  gas. 

C.  Oa 0926 

u 0338 

Ha  O 0751 

N 7985 

CO 0000 

1.0000 
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Results  of  Test. 

16.  The  results  of  one  of  these  tests  with  some  of  the  calculations 
have  already  been  published  in  the  American  Machinist  of  June 
26  and  July  10,  1902,  and  need  only  be  referred  to  here.  It 
may  be  convenient,  however,  to  add  the  principal  results  and 
the  computation  for  obtaining  the  temperature  of  the  exhaust 
gas  at  atmospheric  pressure,  as  the  latter  might  be  submitted  as 
a  satisfactory  way  of  ascertaining  a  temperature  which  is  gener- 
ally considered  as  desirable,  and  yet  for  which  no  convenient 
and  at  the  same  time  accurate  method  of  determination  has  been 
proposed. 

17.  The  results  are  embodied  in  a  heat  balance  which  follows, 
and  a  temperature  volume  curve.  Fig.  191 : 

Heat  Balance  for  Otto  Gasoline  Engine. 


2.43  lbs.  ^^asoline  at  18281  B.  T.  U 

9.988  Brake  horse-power 

1 .762  Friction  borse-power 

361  lbs.  Jacket  water  at  47.4  deg.  Fahr. 
382  lbs.  exhaust  cooling 

water  at  37  deg.  Fahr.  =  14134 
Heat  remaining  in  exhaust 371 


Radiation  and  other  losses. 


Dr. 


B.  T.  U. 
44423 


44423 


Or. 


B.  T.  U. 

8483 

1663 

17111 


14505 


41762 
2661 


44423 


Stated  in  percentages,  this  heat  balance  will  appear  as  follows: 
Heat  supplied,  100  per  cent. 

Brake  horse-power 19.1 

Friction  horse-power 3.7 

Jacket  water. .    38  5 

Exhaust 32.7 

Radiation 6 . 

100.0 

18.  Tht  thermal  efficiency  of  the  engine  will  be  the  sum  of  the 
first  and  second  entries,  or  the  heat  equivalent  of  the  indicated 
horse-power,  divided  by  the  total  heat  supplied  : 


19.1  +  3.7  =  22.8  per  cent,  thermal  efficiency. 
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Mm 


TKMPKKATrHK   OF  TIIK    KXHAUST   (iA8    AT    A 1  M(  (fiPHKinc    PitKhSURK. 

Total  wt'i^'lit  of  exljaust  gas  expelled 45. 1  poundK. 

Tom pe rat  lire  of  «'xhaust  pis  expelled l()r>  i\ffr    Fjil,r. 

Total  heat  abstracted  by  cooling  exhaust   14,K54  15.  T.  I'. 

Specific  heat  at  constant  pressure 257:3 

Water  of  combustion,  licjuified 8.89  pounds. 

The  last  item  was  determined  from  the  known  weight  of  Ijydro- 
gen  contained  in  gasoline. 

If  now  the  process  of  cooling  the  exhaust  gas  be  reversed,  we 
must  necessarily  arrive  at  the  temperature  that  must  have  existed 
after  expansion  to  atmospheric  ])ressure. 

19.  Before  heating  the  gas,  the  water  of  combustion  must  be 
heated  to  212  degrees  and  evaporated.     Tliis  process  will  require 
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Fig.  191. 

ill  British  thermal  units  per  pound  to  heat,  965.7  British  thermal 
units  per  pound  to  evaporate,  and  therefore  the  heat  units  avail- 
able for  heating  the  body  of  the  gas  will  be 

14,135  -  3.39  (965.7  +  111)  =  10,484  B.  T.  U. 
As  the  total   weight  of   gas  is  45.1   pounds,  this  will  allow 
^p,  -.    =  232.5  B.  T.  U.  per  pound  of  gas. 

With  a  specific  heat  of  0.2573  this  amount  of  heat  will  pro- 

232  5 
duce  a  rise  of  temperature  of  ^ ^1.'^^  =  904  decrrees. 
^  0.2o«3  ° 
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This  added  to  the  initial  temperature,  102  degrees  Fahr., 
equals  1,006  degrees  Fahr.  as  the  temperature  of  the  exhaust 
gas  at  atmospheric  pressure,  which  in  absolute  degrees  is  1,467. 

20.  Many  tests  have  been  run  on  this  engine  with  the  apparatus 
as  described,  which  seemed  to  give  data  more  accurate  than  could 
be  secured  by  the  usual  methods,  but  there  are  still  many  im- 
provements which  might  be  made  in  the  methods  to  secure  still 
greater  exactness.  The  apparatus,  if  it  were  necessary  to  collect 
it  for  a  single  test,  would  prove  rather  expensive  and  cumber- 
some, but  in  places  where  tests  of  this  character  are  performed, 
there  is  usuallly  sufficient  apparatus  which  can  be  adapted  to  the 
requirements,  and  this  was  so  in  the  present  case.  No  special 
outlay  was  required  outside  of  the  purchase  of  a  few  fittings  and 
the  expense  of  fitting  up. 

There  has  been  omitted  so  far  one  tactor  which  is  by  no  means 
the  least  important  in  a  test  of  this  kind.  One  has  only  to  at- 
tempt work  of  this  character  to  realize  his  dependence  on  the  ob- 
servers who  are  required  to  collect  the  data.  The  many  readings 
and  operations  that  must  take  place  simultaneously  and  with 
certainty,  especially  at  the  start  and  stop  of  a  test,  make  careful 
training  of  the  observers  of  the  greatest  importance,  as  the  least 
error  on  the  part  of  any  one  may  make  the  test  worthless.  It 
is  not  every  starting  signal  that  means  a  test. 
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PERFORMANCE  OF  AN  INTERNAL  COyfEUSTION 
ENGINE  USING  KEROSENE  AND  GASOLINE  AS 
FUEL, 

BT  H.  F.  IIALLADAT,  POTSDAM.  N.  T. 

(Junior  Member  of  the  Society), 

AND 
G.  O.  nODGE,  POTSDAM,  X.  T, 

(Non-memberV 

1.  This  paper  is  the  outgrowth  of  a  series  of  investigations  made 
in  the  mechanical  engineering  laboratory  of  the  Thomas  S.  Clark- 
son  Memorial  School  of  Technology.  Their  object  was  to  deter- 
mine the  economic  performance  of  a  standard  internal  combus- 
tion engine  of  the  Otto  type  using  kerosene  and  gasoline,  respec- 
tively, as  fuel  under  otherwise  similar  conditions.  Apart  from 
the  mere  question  of  cost  of  the  fuel  there  were  several  interesting 
phenomena  observed  and  operating  characteristics  determined  for 
each  case. 

There  is  necessarily  a  fixed  brake  horse-power  limit  for  each 
kind  of  fuel  used  in  an  internal  combustion  engine.  The  engine 
tested  was  nominally  rated  to  deliver  15  horse-power  at  260  revo- 
lutions per  minute.  Under  test  the  maximum  limit  of  power 
delivery  was  by  gasoline,  14.91  horse-power  at  267.4  revolutions; 
and,  for  kerosene,  17.41  horse-power  at  309  revolutions.  That  is 
to  say,  this  engine  was  found  to  be  capable  of  developing  16.8  per 
cent,  more  power  with  kerosene  than  with  gasoline  for  the 
samples  of  these  two  fuels  of  chemical  composition  and  heating 
value  as  determined,  and  recorded  in  Table  IV. 

2.  Accompanying  the  increased  capacity  of  the  engine  with 
kerosene  it  was  also  found  that  it  could  be  operated  with  this  fuel 
at  better  efficiency  and  fuel  economy  at  all  loads  above  about  40 
per  cent,  of  the  normal  full  load.     The  cost  of  the  fuel  when  the 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of   Mechanical  Enginee:s,   and  forming  part  of  Volume   XXIV.  of  the  Jrans- 

actions. 
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tests  were  made  was  $0.14  per  gallon  for  kerosene  and  $0,145 
for  gasoline.  The  heating  values  of  the  fuels  by  Mahler  bomb 
calorimeter  tests  were  19,2(S2  British  thermal  units  per  pound  for 
the  kerosene  and  20,296  British  thermal  units  for  the  gasoline, 
averages  from  four  tests  each,  Table  IV. 

The  tests  with  gasoline  were  made  with  the  apparatus  as  sup- 
plied by  the  builders  when  purchased.  The  tests  with  kerosene  re- 
quired special  attachments,  adjustments,  and  methods  which  it  is 
one  of  the  objects  of  this  paper  to  describe.  A  great  deal  of  experi- 
menting was  necessary  before  the  engine  could  be  successfully 
operated  w^ith  kerosene,  but  the  w^ork  was  finally  carried  out  with 
entire  success. 

Description  of  the  Apparatus. 

3.  The  engine  used  w^as  of  the  standard  horizontal  four-cycle 
type  made  by  the  Otto  Gas  Engine  Co.,  Philadelphia,  Pa.  The 
governing  is  effected  by  the  ^'  hit  and  miss  "  method.  It  may  be 
operated  with  gas  or  gasoline  as  fuel.  The  change  from  one  to 
the  other  is  readily  made  by  simple  adjustments  of  two  valves. 
But  the  regular  gasoline  valves  supplied  by  the  engine  were  used 
throughout  all  of  these  tests  wdien  both  kerosene  and  gasoline  were 
employed  as  fuels.   The  general  arrangement  is  shown  in  Fig.  196. 

The    Cooling  Jacket. 

4.  The  cylinder  walls  v\'ere  kept  cool  by  the  usual  water  jacket. 
The  water  was  taken  from  the  city  mains,  passed  through  the 
jacket  and  emptied  into  a  tank  on  platform  scales  for  weighing. 
Thermometer  w^ells  filled  with  oil  Avere  screwed  into  the  water 
pipes  near  the  entrance  to  and  exit  from  the  jacket,  at  points  a 
and  &,  respectively.  Fig.  195.  The  temperatures  of  the  cooling  water 
w^ere  regularly  noted  at  these  points. 

The  Absorption  Brake. 

5.  The  belt  pulley  of  the  engine  was  converted  into  a  suitable 
brake  pulley,  Fig.l92,by  fastening  to  its  rim  internal  flanges  about 
four  inches  deep.  These  flanges  formed  an  annular  trough  for 
holding  the  cooling  w^ater  for  the  brake.  The  water  was  delivered 
to  and  taken  from  this  pulley  by  the  usual  piping  system.  The 
brake  was  calibrated  and  the  w^eighings  were  taken  by  platform 
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scales.  '1  lie  brake  arm  was  made  03.02.")  iiiclics  long,  being  so 
proportioned  as  to  reduce  (he  calculations  recpiired  by  obtaining 
the  revolution  constant  for  the  i-eguhii-  brake  horse-power  formula. 


The  Carhnreior  for  Keronene. 

0.   In  order  to  use  in  the  cuuiiic  kero-^cue  (»il  it  must  be  sprayed 
into  a  heated  chamber,  where  it  is  vaporized  and  the  vapor  super- 


FiG.  192. 

heated.  By  an  internal  air  jet  the  kerosene  may  be  broken  up 
into  a  fine  spray  or  mist  which  at  the  same  time  may  serv^e  to 
earburize  the  air  used  to  atomize  the  oiL  The  kerosene-air  mix- 
ture must  then  be  thoroughly  vaporized  by  an  external  source  of 
heat.  It  is  further  necessary  to  superheat  this  mixture  suffi- 
ciently to  prevent  condensation  of  the  vaporized  oil  upon  its  enter- 
ing the  cooler  gas  ports  and  passages  of  the  engine. 

Special  attachments  to  effect  the  above  changes  in  the  kerosene 
were  designed  by  the  authors  and  constructed  in  the  shops  of  the 
Clarkson  School  of  Technology.  Fig.  102  shows  the  engine  ar- 
ranged for  testing  with  kerosene  as  fuel.  Attached  to  the  cylinder 
is  the  superheating  and  vaporizing  chamber  shown  in  general 
view,  Fig.  193.  At  the  outer  end  of  this  chamber  is  the  atomizer 
with  needle  throttle  valve,  shown  in  detail,  Fig.  194. 
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7.  The  atomizing  arrangement  consists  of  a  small  brass  cylin- 
der, four  inches  long,  fitted  witli  two  needle  valves,  2  and  3,  Fig. 
194.  These  control  respectively  the  flow  of  kerosene  oil  and  the 
supply  of  compressed  air  from  pipes  a  and  h.  The  spindles  of  the 
needle  valves  were  fitted  with  pointer  and  graduated  index  plates 
for  mutual  adjustment  of  compressed  air  and  kerosene  oil  to  the 


Fig.  193. 


desired  degree  of  refinement,  without  loss  in  quantity  of  oil  or 
change  in  its  chemical  composition. 

The  compressed  air,  entering  through  pipe  h,  passes  through  the 
fine  perforations  in  needle  valve  2,  thence  through  its  very  small 
bore  X,  emerging  from  which  it  sprays  the  kerosene  oil  supplied 
through  pipe  a.  The  result  is  the  formation  at  the  conical  orifice, 
c,  of  an  exceedingly  fine  spray  of  kerosene-air  mixture  which 
thence  enters  the  vaporizer. 

8.  The  vaporizer  and  superheater  consists  of  a  closed  w^rought- 
iron  pipe,  2  feet  long  and  5  feet  inches  diameter.  It  is  heated  by 
a  number  of  Bunsen  burners  placed  beneath,  and  heat  insulated 
and  protected  from  drafts  by  asbestos  sheets.  The  temperature 
of   the    superheated   kerosene-air   mixture   was   continuously   ob- 
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served,  ll  was  ko])t  on  ilic  nvcraoo  witliin  ilic  ran;i,('  of  .MM)  lu 
()70  dogTccs  Falir.  At  a  lower  Iciiipci-iil  urc  than  575  degrees 
Falir.  the  vapor  woiihl  ])e  at  oiiee  eondensed  in  the  colder  admis- 
sion parts  and  ])assages  of  the  engine.  The  temperature  of  vapor- 
ization of  the  kerosen(»  oil  was  about  .*5n()  de.iirecs. Falir.,  so  that  the 
degree  of  sujx'rheat  was  on  the  average  about  240  degrees  Fahr. 

Wei(jhlng  Tanls  for  the  Fuel. 

0.  The  kerosene  was  supplied  from  a  suitable  tank  on  platform 
scales  as  shown  in  Fig.  192.  To  force  the  oil  through  the  atomizer 
an  air  pressure  of  from  30-40  pounds  per  square  inch  was  main- 
tained in  the  tank.     The  compressed  air  was  furnished  by  a  small 
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Fig.  194. 


air  pump  operated  from  an  overhead  shaft  driven  by  an  inde- 
pendent source  of  power. 

The  kerosene  tank  was  connected  with  the  atomizer  by  two 
pipes,  Fig.  192.  One  pipe  from  the  top  of  the  tank  furnished  the 
compressed  air  nece^ary  to  spray  the  kerosene  conveyed  under 
pressure  by  the  other  pipe. 

The  gasoline  was  supplied  from  a  5-gallon  tank  placed  on  small 
platform  scales.  Two  pipes  connected  this  tank,  respectively  with 
a  supply  tank  outside  the  engine  room  and  with  the  regular  gaso- 
line nipple  of  the  engine. 

Ver\^  small  wrought-iron  pipes  of  considerable  length  were  used 
for  each  of  the  above  tank  connections.  It  was  found  by  experi- 
ment that  they  did  not  su])port  the  tank  nor  interfere  with  the 
weighings  of  the  fuel.  The  accuracy  of  the  arrangement  was 
tested  by  trial  with  known  weights,  and  it  was  found  possible  to 
w^igh  to  one-quarter  of  an  ounce. 
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Kerosene  used  as  a  Power  Gas. 

10.  The  kerosene  fuel  was  supplied  to  tlie  engine  as  a  kerosene- 
air  mixture,  superheated  from  about  590  to  G70  degrees  Fahr. 
The  engine  was  therefore  operated  under  conditions  somewhat 
similar  to  the  use  of  blast  furnace  and  waste  power  gases  as  fuel. 
vScveral  of  the  results  are  in  the  line  of  what  may  be  expected 
from  the  use  of  such  highly  superheated  gas-air  mixtures  in  inter- 
nal combustion  engines.  With  these  gases  there  is  of  necessity 
more  or  less  of  an  admixture  of  air  before  introduction  into  the 
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Fig.  195. 


engine  cylinder.  There  the  fuel  is  further  mixed  with  air  for 
finally  effecting  a  suitable  explosive  mixture  according  to  the 
loads  to  be  met. 

With  the  superheated  kerosene-air  mixture  there  is  very  quick 
explosion.  It  is  evident  from  the  pounding  noticeable  in  the 
engine,  which  could  not  be  attributed  to  any  other  cause,  such  as 
pre-ignitions,  or  too  high  a  temperature  of  the  '^vorking  gas,  or  soot 
on  cylinder  walls.  This  pounding  could  not  be  done  away  with 
except  by  changing  the  point  of  ignition,  and  such  a  change  would 
be  at  the  expense  of  the  efficiency.  A  comparison  of  the  ex- 
plosive nature  of  the  kerosene  and  gasoline  gases  may  be  seen 
from  the  indicator  cards.  Card  ]^o.  11,  test  No.  8,  of  the  kero- 
sene serieSj  shows  a  maximum  pressure  of  404  pounds,  and  card 
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Xo.  7,  of  tost  Xo.  .*],  of  the  cnisolinc  series  shows  a  inaxiiimiii  jjrcs- 
suiv  of  30!>  ])()un(ls,  while  the  iiicaii  effective  pressures  are  almost 
the  same,  85.65  and  8G.40  poniKls  respectively. 

Ailjustmeiits  and  2lcfhods  of  TestiiKj  trlfh  Kerosene  Fuel. 

11.   The   series   of  tests   were   run    under   practically   constant 
speed  and  as  constant  load  as  could  be  maintained  under  the  condi- 
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tions  imposed  by  the  variable  adjustments  of  fuel,  air,  and  cooling 
water  required  for  maximum  efficiency.  lu  each  run  with  kero- 
sene the  proportions  of  air  and  fuel  and  the  amount  of  jacket 
water  were  found  to  be  properly  adjusted  when  the  speed  was  so 
regulated  mutually  with  the  load  as  to  give  conditions  which  in- 
sured most  efficient  performance. 

The  proper  proportions  for  the  kerosene-air  mixture  were 
determined  for  each  series  of  tests  to  be  run  under  constant  speed 
and  load,  as  follows : 

12.   The  air  supply  was  tlirottled  till  no  appreciable  smoke  was 

visible  in  the  discharge  from  exhaust  pipe.     At  such  a  time  the 

analyses  of  exhaust  gases,  as  fixing  one  of  the  best  conditions  for 

maximum  efficiency,  should  show  an  excess  of  oxygen  and  a  mini- 
Q9 
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iiuini  amount  of  carbon  monoxide.  The  analyses  of  the  exhaust 
gases  were  obtained  with  an  Orsat  apparatus. 

The  jacket  was  maintained  at  as  higli  a  temperature  as  per- 
missible. This  is  the  other  necessary  condition  for  best  efficiency. 
It  was  the  condition  sought  in  all  of  the  high-power  tests  through- 
out the  range  of  loads  for  the  most  efficient  performance.  The 
jacket  temperature,  however^  should  not  exceed  the  limit  pre- 
scribed for  satisfactory  lubrication  and  mechanical  operation*  of 
the  engine.  The  mechanical  friction  of  the  engine  is  largely  in- 
fluenced by  the  temperature  of  the  cylinder  walls  as  determined 
by  the  cooling  water  in  jacket. 

The  load  on  the  brake  arm  was  adjusted  in  order  to  determine, 
within  the  allowable  range,  the  proper  speed  for  obtaining  the 
maximum  horse-power  under  the  given  conditions.  The  total 
ranges  of  speed  included  by  the  several  tests  were,  for  kerosene, 
244-309  revolutions  per  minute;  and,  for  gasoline,  236-275  revolu- 
tions. Throughout  a  small  range  at  normal  loads  it  was  found,  on 
reducing  the  above  scale  weight,  that  the  speed  increased  to  a 
larger  extent  than  would  be  required  to  meet  the  simple  reduction 
under  a  constant  load.  For  the  brake  horse-power  was  calculated 
from  a  speed  constant  multiplied  by  the  scale  weight  in  pounds. 

The  speed  adjustments  for  each  set  of  conditions  would  result 
in  the  speed  finally  settling  to  a  value  representing  a  slightly  in- 
creased brake  horse-power  as  the  efl^ect  of  reducing,  for  instance, 
the  weight  on  the  brake  scales.  The  speed  was  then  maintained 
practically  constant  throughout  the  run  under  the  conditions  im- 
posed upon  the  engine  by  the  loads  assigned.  In  the  series  with 
kerosene,  the  regular  "  hit  and  miss  "  governing  device  of  the 
engine  was  not  used. 

Conduct  of  the  Experiments. 

13.  The  same  general  plan  for  conducting  the  experiments  was 
followed  with  the  kerosene  and  gasoline  fuels  except  as  elsewhere 
specially  described  for  kerosene. 

Duration  of  Runs. — With  kerosene  there  were  ten  runs — two 
of  them  of  thirty  minutes  duration  (one  under  very  light  load), 
five  of  one  hour,  and  three  of  ninety-minutes'  duration.  With 
gasoline  there  were  eight  runs — one  of  them  for  the  friction 
horse-power  of  thirty-minutes'  duration,  six  of  one  hour,  and  one 
of  ninety-minutes'  duration.     All  calculations  of  power,  fuel  con- 
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c'OiiJ^iunplioii,  and  heat  di-l  rlluii  i^n  lia\c  bt-cii  reduced  Lo  the  hour 
basis. 

liiaduujs. — Readings  were  taken  at  five-niinute  intervals 
tliroughoiilthe  scries  of  observations  of  whicli  the  averages  are 
given  in  the  summary  of  tests,  Tabk'S  V.  and  \\. 

Speed. — The  revolutions  of  the  engine  were  recorded  by  a 
Vccdcr  continuous  counter. 

Ejcj)Joi<'wns. — The  number  of  explosions  per  minute  was  found 
by  actual  count  in  each  case.  In  the  gasoline  tests,  throughout 
the  range  of  normal  full  loads,  the  governor  was  fixed  in  such  a 
position  that  explosions  occurred  every  two  revolutions.  In  the 
kerosene  tests,  the  regular  governing  device  was  disconnected, 
and  the  regulation  effected  by  throttling  both  the  air  and  kerosene 
mixture.  In  this  case  the  explosions  were  determined  directly 
from  the  number  of  revolutions  of  the  engine,  except  under  very 
small  loads  when  actual  count  was  necessary.  Card  Xo.  1,  Fig. 
197,  gives  an  example  of  a  failure  to  get  an  explosion  under  liglit 
loads  with  kerosene  fuel. 

Indicator  Cards. — There  were  taken  at  five-minute  intervals 
by  a  special  Crosby  gas-engine  indicator.  The  area  of  its  piston 
was  one-half  that  of  the  standard  Crosbv  steam-entwine  indicator. 

Temperatures.  — These  were  taken  at  the  same  regular  inter- 
vals and  at  the  points  of  observation  elscAvhere  noted  in  diagrams 
and  tables.  The  exhaust  temperatures  were  taken  by  a  special, 
high-reading  mercurial  thermometer  made  of  ^^  Jena  normal 
glass,"  graduated  from  ISO  to  550  degrees  Centigrade.  It  was 
placed  in  asbestos  in  a  special  brass  thermometer  well  tapped  into 
the  exhaust  pipe  near  the  exhaust  valve. 

With  gasoline  the  average  exhaust  temperatures  for  each  series 
agreed  as  closely  as  could  be  expected.  The  comparatively  low 
temperature  of  7S8  degrees  Fahrenheit  for  one  of  the  heavy  loads 
was  due  to  starting  the  test  and  taking  readings  before  the  engine 
was  fully  warmed  np.  There  seemed  to  be  no  fluctuation  of  the 
exhaust  temperatures,  even  under  light  loads,  when  there  was 
more  or  less  reduction  in  the  number  of  explosions  per  minute. 

Heating   Value  of  the  Fuels. 

14.  The  heating  values  were  all  obtained  with  the  Mahler  Eo^iib 
Calorimeter.  The  fuels  beins:  exceedino:lv  volatile  under  hisrh 
temperatures,  it  was  necessary  to  use  small  glass  bulbs  filled  and 
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KEROSENE. 

Card  No.  11.  Test  No.  8. 

Area        =-1.10  Length  3.08 

Mux.  Pr.^-^  404  Comp.Pr.^      60 

Spring     —240  M.  E.  P.    =85.65 


KEROSENE. 

Card  No.  1.  Test  No.  9. 

Area        =1.71  Length      =3.08 

Max.  Pr. =  100  Comp.Pr.=     18 


r^ 

KEROSENE. 

Card  No.  3.                  Test  No.  10. 

Area       =1.03              Length     =3.08 

Max.  Pr.  =  148              Com  p.  Pr.  =    3 1 

Spring    =  120              M.  E.  P.   =40.3 

JJallatlay  ^  Hodge 

Fig.  197. 
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1 

KEROSENE. 

Card  No 

.  10. 

Test  No 

5. 

r\                               Area 

1.00 

Length 

3.01 

\  /  \                             Max.  Pr.-- 

.300 

Comp.  Pr. 

52 

W    \                            Spring    ^ 

240 

M.  E.  P.     - 

79.75 

^ 

KEROSENE. 


Card  No.  19. 
Area  ^1.00 
Max.  Pr.  .310 
Spring    -=-240 


Test  No.  5. 
Lengtfi      =~3.01 
Comp.  Pr.^^     52 

M.  E.  P.    —79.75 


KEROSENE. 


Card  No.  11. 
Area  -=  .96 
Max.  Pr.=.320 
Spring    =240 


Test  No.  7. 
Lengt/i       =3.03 
Comp.  Pr.=     54 
M.  E.  P.    =76. 1 


UallaJaj/  cj  11^,0. je 


Fro    198 
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QASOLINE. 

Card  No.  9.  Test  No.  4. 

Area        -=.90  Length       =3.00 

Max.  Pr.=  252  Camp.  Pr.^=     57 

Spring     =300  M.E.P.     =90.00 


GASOLINE 


Card  No.  5. 
Area        =1.98 
Max.  Pr.=  326 
Spring    ^160 


Test  No.  5. 
Length       =3.02 
Com  p.  Pr.=    59 
M.  E.  P.     =104.55 


Ualladuy  ^  HoUge 


Fig.  199. 
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GASOLINE. 

.                                 Card  No.  7. 

Ti^t  No.   1. 

y                           Arm               .93 

LciHjth      -2.91 

\                      Max.  Pr.       312 

Comp.Pr.          54 

\^^             Spring    —  300 

M.  E.  P.        95.87 

L____ 

GASl 
Card  No.  9. 
A                           Area        =  .89 
1  V.                       Max.  Pr.=  291 
N,^^             Spring    ==  300 

OLINE. 

Test  No.  2. 
Length      ^3.00 
Comp.Pr.  =^    51 
M.  E.  P.    =89.00 

GASOLINE 


UallaUay  ^  Hodge 


Fig.  200. 
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sealed.  The  weight  of  sample  contained  in  each  bulb  was  found 
by  weighing  the  bulb  before  and  after  filling.  One  of  these 
bulbs  was  placed  in  the  calorimeter  and  oxygen  under  a  pressure 
of  live  atmospheres  was  admitted,  and  the  bomb  then  shaken  until 
the  bulb  was  broken,  thus  giving  a  combustible  mixture.  This 
was  ignited  by  an  incandescent  wire  and  the  heating  value  of  the 
sample  obtained,  as  indicated  by  the  accompanying  test  sheets. 

After  the  pressure  in  the  bomb  had  been  relieved  and  the  cap 
removed,  the  bomb  was  thoroughly  washed  with  distilled  water 
and  the  nitric  acid  (HNO3)  was  found.  The  sulphur  was  pre- 
cipitated as  barium  sulphate,  thus  giving  the  sulphur  as  shown 
on  the  accompanying  test  sheets. 

The  kerosene  and  gasoline  used  were  drawn  entirely  from  indi- 
vidual barrels,  thus  obtaining  good  samples.  A  series  of  tests  of 
these  samples  gave  average  heating  values  and  chemical  composi- 
tion. 

From  the  chemical  analysis  of  the  gasoline  the  per  cent,  of 
hydrogen  was  found  to  be  14.14.  The  produced  water  will,  there- 
fore, be  1.2726  times  the  weight  of  gasoline  used,  14.14  x  09  = 
1.2726.  Taking  the  latent  heat  of  vaporization  of  water  at  20 
degrees  Centigrade  as  592.5  gives  0.754  calories  per  gram;  de- 
ducting this  from  the  average  calorific  value  of  the  gasoline  of 
11,276,  gives  10,522  as  the  heat  of  combustion  of  one  gram  of 
gasoline,  which  is  equivalent  to  18,940  British  thermal  units  per 
pound  of  gasoline. 

Chemical  Analysis  of  the  Fuels. 

15.  This  was  exceedingly  difficult  to  obtain  because  of  the 
higher  hydrocarbons,  which  it  was  found  were  not  readily  burned. 
It  was  made  with  an  ordinary  combustion  furnace.  The  hard  glass 
tube  in  which  the  combustion  is  made  should  be  carefully  selected 
and  preferably  drawn  out  at  one  end  into  a  tube  about  two  and 
one-half  inches  long  by  one-fourth  inch  in  diameter,  this  end 
being  placed  toward  the  collectors.  The  tube  used  was  thirty 
inches  long  by  five-eighth  or  three-quarters  inches  in  diameter. 
It  was  charged  with  copper  gauze  thoroughly  oxidized  and  with 
black  copper  oxide. 

A  straight  tube  stoppered  at  both  ends  with  rubber  stoppers 
containing  glass  tubes  was  used.  This  was  charged  as  before, 
the  copper  oxide  being  relied  upon  to  furnish  oxygen  enough  for 
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complete  comLii^^tion.  After  several  trials  with  varying  results, 
it  was  foiuul  that  the  oxide  would  nut  give  up  its  oxygen  rapidly 
enough  nor  in  sullieient  cpumtity  to  thoroughly  oxidize  the  hydro- 
carbons. To  remedy  this  defect,  or  rather  to  supply  the  lack  of 
oxygen,  it  was  sui)plied  very  slowly  from  a  cylinder.  Analyses 
employing  this  method  were  quite  satisfactory. 

IC.  In  the  case  of  gasoline,  for  instance,  the  carbon  foun(l  was 
Nf'J.53  per  cent.,  tlu^  Indrogen,  14.1-1:  per  cent.  Using  Duhnig's 
formula  for  heating  value  of  a  hydrocarbon,  we  obtain  20,947 
British  thennal  units,  this  being  but  slightly  different  from  the 
result  obtained  in  the  calorimeter,  20,290  British  thermal  units; 
thus. 

.8353  X  14,500  +  .1414  x  62,500  =  20,947  B.  T.  U. 

From  the  chemical  analysis  of  the  kerosene  the  per  cent,  of 
carbon  and  hydrogen  were  respectively  84:.  13  and  13.87  per  cent. 
Using  the  above  formula,  the  following  heating  value  was  ob- 
tained : 

0.8413  X  14,500  +  0.1387  x  62,500  =  20,869  B.  T.  U. 

The  apparatus  used  w^as  the  combustion  furnace  wdth  the  tube 
iis  described  and  charged,  with  a  small  U  tube  for  collecting  the 
water,  there  being  a  bulb  in  which  the  water  could  condense. 
Just  enough  sulphuric  acid.  (II^SOJ,  sp.  gr.  1.90,  was  put  into  the 
tube,  so  that  all  the  gas  going  through  the  tube  w^ould  pass 
through  the  acid.  This  was  found  to  be  a  better  drying  or  water- 
collecting  agent  than  fused  calcium  chlorid,  and  Avould  pick  up 
the  w^ater  if  the  rate  of  passing  did  not  exceed  two  bubbles  per 
second.     It  is  better  to  run  much  slower  than  this. 

17.  The  bulb  filled  with  a  solution  of  caustic  potash  (KOIT),  30 
per  cent,  by  weight,  with  a  calcium  chlorid  guard  tube  attached, 
was  used  for  absorbing  the  carbon  dioxide.  This  tube  should  be 
refilled  after  each  combustion.  A  tube  containing  fused  caustic 
potash  was  connected  to  this  as  a  safeguard.  A  suction  pipe 
was  w^orked  through  a  bottle  of  sulphuric  acid  in  order  to  prevent 
any  moisture  in  the  air  from  being  taken  up  by  the  caustic  potash 
tube.  The  oxygen  cylinder  and  air  supply  were  connected  to  the 
other  end  of  the  combustion  tube  and  each  supply  was  drawn 
tlirough  caustic  potash  and  fused  calcium  chlorid  in  order  to  free 
tliein  from  carbon  dioxide  and  moisture. 

The  tube,  having  been  charged,  is  connected  up  with  the  air 
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supply  on  the  one  end  and  a  tube  of  fused  calcium  chlorid  on  the 
other,  the  heat  is  then  applied  gradually  until  the  tube  has  reached 
a  cherry-red  heat ;  here  it  is  maintained  throughout  the  combus- 
tion. About  ten  inches  of  the  end  toward  the  oxygen  supply  is 
left  clear.  Into  this  clear  space  is  put  the  bulb  containing  the 
sample,  having  first  broken  the  tip.  This  is  allowed  to  expand 
for  a  short  time,  then  the  oxygen  is  turned  on  at  the  rate  of  about 
forty  bubbles  per  minute ;  if  the  rate  be  much  faster  it  will  cause 
an  explosion  in  the  tube  and  ruin  the  analysis. 

18.  This  is  continued  until  all  of  the  sample  is  driven  out  of  the 
bulb  and  vaporized;  the  time  was  usually  one  and  one-half  hours. 
Heat  is  then  slowly  applied  to  the  end  of  the  tube  containing  the 
bulb.  When  all  the  sample  is  burned,  the  oxygen  is  turned  on 
more  rapidly  and  allowed  to  flow  until  the  copper  is  oxidized. 
This  can  readily  be  ascertained  by  the  rate  of  passage  of  the 
bubbles  through  the  sulphuric  acid.  When  the  copper  has  taken 
up  all  the  oxygen  which  it  can,  the  suction  is  turned  on  and  air 
drawn  through  for  fifteen  minutes;  this  should  take  over  all  the 
condensed  water;  if  it  does  not,  continue  until  it  has  removed  all 
signs  of  moisture  in  the  combustion  tube.  The  absorbent  tubes 
are  now  carefully  removed  and  a  new  set  attached  for  another 
combustion.  It  is  better  to  run  a  number  in  succession  than  to 
stop  with  one.     The  tubes  when  cool  should  be  carefully  weighed. 

Gasoline  Analysis. 

Sample  No.  1,  Test  No.  8. 

Weight  of  bulb  empty grams. 

"      "     filled 


(<         ( ( 


gasoline .  3624 


Weight  of  H2SO4  tube  before  combustion 33 .  1856 

"     after  ''         33.6470 

Increase .  4614 

.4614  -j-  9  =  .05127  grams  hydrogen. 
.  05127  -^  .  3624  =  14.14  per  cent. 

Weight  of  KOH  bulb  before  combustion 60.4990 

"       "         "      after  "  G1.6090 

Increase 1.1100 

o 

1.11  X  ~  =  ,3027  grams  of  carbon. 

.3027  ^  .3624  =  83.53  per  cent. 
Increase  on  KOH  tube 0.00 
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Siilp/iur  I)e(t  nuihdtioh  in   (inHoHnc   C'ged. 

Trom  tlu*  amount  of  IIjSO^  found  in 0.(>027  graiuri. 

oo 

n,  =  2.-.  ^*  X   .0()'27  =^-  .00088, 
Jo 

S     =32       or       .088  per  ceut., 
O4   =  yy  sulpliur. 

Nitrogen  Determination  in  Ganoline  Used. 

No.  of  Amount  of  -. 

sample.  sample  used.  ,.i:„  BkS04  II,S04 

>»OII 

2  0.5895  5.7  .004 

3  0  3861  6.3 

4  0.4261  8.3  .0021 


3,1.4017  3  20  3  2  .0061 

4672  6.7  .0030 

Averages  placed  on  a  one-gram  basis  : 

1  14.3  .0064 

0.0064  X  0.42006=  .OO27H2SO4. 
Due  cc  N,OH  ~  =  .0049  H^SO*. 

.-.  0.0027  -J-  0.0049  =  0.54    ^aOH^. 
0.0063  (14.3  -  0.54)  =  .087    HNO3. 

H  =  1  .-.  ii  X  0.087  =  0.0193  G.  N. 
60 

N  =  14. 

O3  =^0.0193  ^100  =  1.93^  N. 
bo 

Fuel  Consumption. 

10.  The  fuel  consumption  per  brake  and  per  indicated  horse- 
power per  hour  are  shown  in  Fiii's,  201,  202,  and  203.  The  min- 
imum consumption  or  best  economic  load  of  the  engine  occurs  at 
8.1  brake  horse-power  for  kerosene  and  at  9.5  brake  horse-power 
for  gasoline;  that  is,  for  kerosene  at  about  46  per  cent,  of  the  max- 
imum full  load  for  that  fuel,  and  for  gasoline  at  63.0  per  cent,  of 
tlie  maximum  full  load  for  this  fuel.  Under  verv  liglit  loads  tlio 
gasoline  is  the  more  economic  fuel,  as  noted  by  the  intersection 
of  the  economy  curves,  Fig.  203^  at  about  1.5  brake  horse-power. 
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The  kerosene  proved  to  be  the  better  fuel  for  heavy  loads  in  the 
given  engine,  not  only  in  point  of  economy  but  also  in  matter  of 
speed,  as  elsewhere  noted  under  adjustments  and  methods  with 
this  fuel. 

Mechanical  Friction  and  Efficiency. 

20.   The  mechanical  friction  of  the  engine  represents  a  double 
transformation :  first,  a  conversion  of  heat  into  internal  work  and 
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Fig.  201. 

other  lost  work  of  the  engine ;  thence,  a  reconversion  of  this  en- 
ergy into  heat  by  friction.  It  is  therefore  subject  to  more  frequent 
and  uncertain  variations  in  gas  than  in  steam  engines.  In  the 
latter  it  has  been  repeatedly  shown  to  follow  closely  the  law  of 
constant  friction  horse-power  for  all  loads  at  uniform  speeds.  In 
the  gas  engine  there  are  additional  variations  in  friction  loss  due 
to  the  inherent  difficulties  of  lubrication,  as  well  as  the  marked 
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infliu'iK't^   of   (ho   cooling  jacket,    which    has   boon   elsewhere   ex- 
plained under  that  caption. 

iM .  The  Iriclioii  h()i'S('-j)<)\vers  are  shown  plollcd  in  1' i^s.  lidl 
and  iM)."),  resjXH'tively,  i{)V  kerosene  and  gasoline!.  Thcv  \ai-v 
sonu^what  irreanlarly.  The  results  witli  each  fnel  sliow  a  Licnci-al 
Icndency  of  the  a i;;i»' rebate  frietioinil  losses  to  <le(*i*ease  contin- 
uously as  the  load  on  the  en<iine  increases.     The  jx'rforniancc  of 
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the  engine  as  a  mechanism,  therefore,  shows  a  more  rapid  increase 
of  mechanical  efficiency  with  increasing  load  than  w^ould  be  seen 
if  the  friction  loss  w^ere  constant. 

With  kerosene  the  engine  appeared  to  w^ork  much  better  at  a 
speed  above  the  normal.  Thus,  Test  ^NTo.  8  shows  an  average 
speed  of  309  revolutions  per  minute  wdth  a  mechanical  efficiency 
of  91.5  per  cent.,  developing  the  largest  output  ever  obtained 
from  the  engine,  of  17.41  brake  horse-powder.  Corresponding 
conditions  for  gasoline  were  at  a  speed  of  267.4  revolutions,  me- 
chanical efficiency  of  89  per  cent.,  and  maximum  of  14.91  brake 
horse-power. 
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Heat  Distribution. 

22.  One  object  of  this  investigation  was  to  ascertain  the  distri- 
bution of  the  total  heat  supplied  by  the  fuel  as  far  as  could  bs  de- 
termined for  the  following  stages  of  the  cycle :  the  cooling  jacket, 
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mechanical  friction  of  engine,  the  power  developed,  the  radiation 
and  exhaust. 

The  heat  units  converted  into  useful  work  and  lost  in  friction 
were  determined  from  the  brake  and  indicated  horse-power 
measurements.  The  jacket  losses  were  calculated  from  the  cool- 
ing water  data.  The  heat  units  to  be  charged  to  radiation  and 
exhaust  could  not  be  found  separately.     They  were  obtained  by 
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deducting  from  the  total  heat  supplied  the  sum  of  that  previously 
determined  for  useful  work,  friction  and  jacket  losses.  The  heat 
distribution  will,  of  course,  be  materially  affected  by  the  rate  of 
working  the  fuel.  Its  variations  may  be  examined  with  respect  to 
the  rate  of  working  based  (a)  upon  the  output  of  brake  horse- 
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power  delivered  per  hour.  Figs.  206  and  207;  and  (b),  upon  the  in- 
put of  total  heat  supplied  per  hour  by  the  fuel,  Figs.  208  and  209. 
23.  The  percentage  distribution  of  the  total  heat  supplied  was 
calculated  as  in  Tables  V.  and  VI.,  and  thence  plotted  in  Figs.  206 
and  207,  respectively,  for  kerosene  and  gasoline.  On  the  ordinate 
for  any  selected  brake  horse-power  output,  the  scale  distance  be- 
tween any  two  curves  represents  the  percentage  of  the  total  heat 
expended  in  that  portion  of  the  cycle  in  the  stages  noted.  The 
several  percentages  on  the  ordinate  of  any  selected  brake  horse- 
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power  iiuiUi])licd  into  the  total  lieat  supplied  (shown  on  the  same 
ordinate)  will  give  the  heat  distribution  for  the  assigned  load. 
24.  The  actual  distribution  of  the  total  heat  supplied,  reduced  to 
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one  hour  basis,  Tables  Y.  and  YL,  has  been  plotted  in  Figs.  208 
and  209.  On  the  ordinate  for  any  selected  total  heat  input  the 
scale  distance  between  any  two  curves  represents  the  heat  ex- 
pended in  that  portion  of  the  cycle  in  the  stages  noted. 


I'KIJKOK'M  ANCI':    Ol"     AX     INTI'IINM.    (  ( »\!  HI  S  TION     KVdlNK 


1067 


TABLE    I.— Data  and  Dimensions  op  (5 as  Enoinkk. 

Nairn'  and  nunibor "  Oito,  "  No.  5/y. 

MHiiufactiircd  by Tho  Otto  Cias  laigino  Co.,  Plilla(ii-I|)liiH.  Pa. 

Ty ])e Foil  i-  (  ycle. 

Fuels "  WuiL'i-  white  kerosene  "  and  "  Stove  jiasoliix*." 

„         ^         .       .       (  of  Uero  ene 19,28.3  H.  T.  1.  per  lb. 

Heat  of  combustion -,'     ,          ,.  ^    ,^^^ 

(  of  pisolino 20,296 

Horsepower,  normal  full  load  ....    15  brake  ;  18  5  indicated. 

Floor  space 7  feet  9  inches  x  3  feet  6  inclMS. 

Height  ....    i){)  inches. 

Weight 5,000  lbs. 

Number  of  cylinders One. 

Fly  wheel  diameter 56  inches. 

Brake  pulley 24  inches. 

Diameter  of  piston 0|  inches. 

Piston  displacement O.J3211  cubic  foot. 

Clearance 0.1116  cubic  foot. 

Length  of  stroke 15.5  inches. 

Revolutions  per  minute  (normal) 260. 

(Governor,  fly  ball *'  Hit  and  miss  "  method. 

Kind  of  ignition    Electric  spark. 

Brake  Arm 63.025  inches. 


TABLE  IL — Mahler  Bomb  Calorimeter  Tests. — Kerosene. 


Before  Combustion. 


Combustion. 


After  Combustion. 


Minutes.   Temperature.   Minutes.    Temperature.' Minutes 


22.21 
22.20 
22.20 
22.18 
22.18 
22.16 


5i 
6 


24.74 
25.76 
26.02 
26.03 


Averajre  variations  per 
minute,  0.001. 


Gross  rise  in  tempera- 
ture, 3.87  degrees. 


9 

10 
11 
12 
13 
14 


Notes. 


Temperature.  Kerosene  taken, 

I  0.9812  G. 

Iron  wire  taken, 

0.0324  G. 
Nitric  acid  found, 

0.046  G. 
Water  used.  2.200  CC. 
Water  equivalent  of 
Apparatus,  481  CC. 


26.00 
25.96 
25.93 
25.90 
25.86 
25.82 


Average  rate  of  cooling 
per  minute  0.035. 


Heating  value  :  10.744  Calories  ;  19, *39  British  thermal  units.  Sample  marked  "  Water  White 
Oil."'  Sample  No.  4.  Test  made  by  Hodge.  Date,  April  2.  I9j3.  Department  of  Chemistry, 
Clarkson  School  of  Technology,  Potsdam,  N.  Y. 

TABLE  in. — Mahler  Bomb  Calorimeter  Test — Gasoline. 


Before  Combitstion. 

Combustion. 

After  Combustion. 

Minutes. 

Temperature. 

Minutes. 

Temperature. 

Minutes. 

Temperature. 

Notes. 

Gasoline  taken, 

0.2643  G. 
Iron  wire  taken, 

0.01.35  G. 
Nitric  acid  found, 

0.0291  G. 
Wat'T  used,  2,200  CC. 

0 
1 
2 
3 
4 

17.81 
17.81 
17.81 
17.80 
17.80 

5i 
6 

4 

8 

18.40 
18.76 
18.88 
18.90 

9 

10 
11 
12 
13 

18.89 
18.88 
18.88 
18.87 
18.86 

5 



Water  equivalent  of 

Average  v 
minut 

ariations  per 
e,  0.002. 

Gross  rise  of  temper- 
ature, 1.10. 

Average  rate  of  coolini: 
per  minute.  0.008. 

Apparatus,  481  CC. 

I  Heating  values  :  11.277  Calories  :  20. 299  B.  T.  U.    Sample  marked:  '•  Stove  Gasoline."    Sample 

No.  1.     Test  made  by  Brand  &  Halladay.     Date,  May  3,  1902.     Department  of  Chemistry,  Clarkson 
I     School  of  Technology,  Potsdam,  N.  Y. 
70 
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TABLIC  IV. — Summary  of  Detktimination  of  IlEATiNfj  Values  and  Chem- 
ical Analysis  of  Kerosene  and  Gasoline  Fuels. 


Specific  gravity,  Baumc 

Flash  test 

Fire  test 

Commercial  name 

Cost  per  iiJilloii  on  day  of  test 

IIkating  Value. 

Samples:  No.  1,  B.  T.  U 

"     2,        "       

"     3,        "        


Kerosene. 


Average  heating  value,  B.  T.  U.  per  pound  fuel 

Ultimate  Analysis. 

Carbon per  cent. 

Hydrogen  "       " 

Sulfur "      " 

Nitrogen  "      " 


Oxygen 
Ash 


41). 1° 

JKPF. 

153°  F. 

Water  white  oil.' 

$0.14 


19,  GOO 
18,169 
20,019 
19,339 


19,282 


84.13 

13.87 

.23 

1.77 


100.00 


G.VSOLINE. 
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Stove  gasoline. 
§0.145 


20,299 
20,700 
20,403 
19,784 


20,296 


83.53 

14.14 

.09 

1.93 


99.69 
.31 


100.00 


Thermal  Efficiency  and  Duty. 


25.  The  thermal  efficiency  of  the  conversion  of  heat  into  work  is 
show^n  in  Figs.  204  and  205,  on  the  brake  horse-power  per  hour 
basis  as  the  rate  of  working;  and,  in  Fig.  210,  on  the  basis  of  the 
rate  of  working,  the  total  heat  supplied  by  the  kerosene  and  gaso- 
line fuels  per  hour.  The  former  answers  the  question  of  how 
much  total  heat  is  required  wuth  each  fuel  to  obtain  the  same  net 
power  delivered.  The  latter  answers  the  question  of  hoAV  much 
heat  will  be  converted  into  useful  work  with  a  given  total  amount 
of  heat  supplied  per  hour.  In  the  present  case  it  is  quite  necessary 
to  consider  the  latter  basis  of  comparison  of  the  efficiencies  of  the 
two  fuels.  From  the  average  fair  curves  which  have  been  drawn 
through  the  several  points,  it  will  be  noticed  that  the  maximum 
efficiency  of  19.2  per  cent,  for  the  kerosene  is  reached  much 
earlier  in  the  range  of  loads  than  for  the  gasoline;  thence  it 
decreases  rapidly  to  15.18  per  cent,  at  the  maximum  full  load. 
With  the  gasoline,  on  the  other  hand,  there  seems  to  be  a  tendency 
for  the  efficiency  to  remain  at  about  the  same  value  of  14.9  per 
cent,  after  attaining  this  maximum. 

The  thermal  duty  is  here  introduced  as  a  further  basis  for  com- 
paring the  performance  of  the  engine  with  kerosene  and  gasoline 
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fuels.  It  is  (lofiiuMl  as  tlie  foot  ])oun(ls  of  work  dcjiie  by  the  gas 
engine  per  million  thermal  units  supplied  by  the  fuel.  It  has  the 
same  significance  as  when  similarly  used  to  define  and  comj)are 
the  performance  of  pumping  engines.  As  a  basis  for  compari.son 
it  is  none  the  less  rational  than  efficiency.     It  has  the  added  ad- 
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vantage  of  stating  a  definite  output  of  energy  from  a  given  input 
of  thermal  units.  Where  fuels  vary  so  much  in  heating  value 
as  is  now  coming  to  be  the  case  with  internal  combustion  engines, 
it  would  seem  that  the  duty  might  be  more  satisfactory  than  the 
efficiency  for  comparing  their  performance. 


ioix: 
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Conchtsions. 

2G.  (1)  The  heating  value  of  the  two  fuels,  as  determined  by 
the  average  of  calorinietric  tests,  was  but  slightly  higher  for  the 
gasoline  (20,29G  British  thermal  units)  than  for  the  kerosene 
(19,282  British  thermal  units). 

(2)  In  order  to  use  the  kerosene  as  a  power  gas  in  this  engine 
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it  was  necessary:  (a)  to  atomize  it  by  compressed  air,  (b)  to 
vaporize  the  oil,  (c)  to  superheat  the  kerosene-air  mixture  about 
250  degrees  Fahr.  on  the  average.  The  kerosene  gas  was  there- 
fore used  in  a  condition  somewhat  similar  to  blast  furnace  and 
waste  powder  gases  for  internal  combustion  engines. 

(3)  The  most  satisfactory  and  economic  conditions  for  the  use 
of  the  kerosene  fuel  were  found  experimentally,  by  adjusting  the 
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supi^ly  of  sn])orlioiite(l  keroscnc-air  mixture  siinultaneoiisly  with 
the  regular  air  admission  into  the  engine  cylinder,  so  that  the 
exhaust  was  smokeless  and  (by  analysis)  showed  iiii  excess  of 
oxygen. 

(4)  Capacity  tests  were  made  to  determine  the  maximum  power 
delivered  under  the  best  operating  conditions  for  economy  and 
speed  regulation,  giving,  for  kerosene,  a  maximum  of  17.41  horse- 
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powder  at  309  revolutions  per  minute ;  and,  for  gasoline,  a  maxi- 
mum of  14.91  horse-power  at  267  revolutions. 

(5)  The  best  economic  loads  for  the  engine  varied  with  each 
fuel,  being  8.1  brake  horse-power  for  kerosene  and  9.5  brake 
horse-power  for  the  gasoline;  that  is,  for  kerosene  at  about  40 
per  cent.,  and  for  gasoline  at  about  03.6  per  cent,  of  the  maximum 
full  loads  for  these  fuels  respectively. 

(6)  The  rate  of  consumption  was  the  same  for  each  fuel  at 
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alxnit  4.5  brake,  horse-power  delivcri d;  uiidor  light  h)a(ls  gasoline 
was  the  more  econoniic  fuel,  while  kerosene  j)roved  to  be  the 
better  fuel  for  high  duty  heavy  load  work. 

(7)  The  mechanical  friction  of  the  engine  did  not  f(jllow  the 
usual  law  for  prime  movers,  of  constant  friction  horse-j)ower  for 
all  loads  at  constant  speed,  but  in  these  experiments  it  decreased 
in  ii:eneral  as  the  load  increased. 

(8)  The  thermal  efficiency  was  higher  for  kerosene,  having  an 
(average)  maximum  value  of  19.2  per  cent,  at  9.1  brake  horse- 
power, or,  at  the  rate  of  working,  of  120,000  British  thermal 
units  input  per  hour;  and,  for  gasoline,  an  (average)  maximum  of 
14.9  per  cent,  at  9.4  brake  horse-power,  or,  at  the  rate  of  working, 
of  160,000  British  thermal  units  input  per  hour,  which  was  main- 
tained with  but  slight  variation  till  the  maximum  load  was 
reached  with  gasoline  fuel. 

(9)  The  thermal  duty,  or  foot  pounds  of  ^vork  done  per  million 
thermal  units  supplied,  reached  similarly  (average)  maximum 
values  at  above  respective  loads  of  149,000,000  foot  pounds  for 
kerosene,  and  of  116,200,000  foot  pounds  for  the  gasoline. 
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TABLE   V. 
Average  Values  and  Summary  op  Results  of  Testh  with  Kerosene  Fuel 
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TABLE   VII. — ExriAU  t  Gas  TKMPFniATUUE  and  Analysis. 
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TESTS  OF  A  TWELVE-HORSE-POWEU  GAS  ESiilNE 
TO  DETERMiyE  THE  EFFECTS  OF  CHANGES  IN 
SPEED,  LOAD,  POINT  OF  IGNITION,  PATIO  OF 
GAS   TO  AIR,    AND  JACKET  TEMPERATURE,^ 

BY  C.   U.   ROBERTSON,   LAFAYETTE,  IND. 

(Junior  Member  of  the  Society.) 

Introductory. 

1.  For  some  years  the  Institution  of  Civil  Engineers  of  Eng- 
land has  been  maintaining  a  coimnittee  on  gas  engine  research. 
Much  painstaking  and  carefully  conducted  work  has  been  carried 
on  in  Germany  and  France,  and  within  the  last  few  years  not  a 
little  attention  has  been  given  to  the  subject  in  the  United  States. 
With  the  hope  of  being  able  to  contribute  something  to  the  bet- 
ter understanding  of  the  relations  of  some  of  the  factors  of  the 
problem  for  the  Otto-cycle  gas  engine,  and  along  the  same  gen- 
eral lines  as  some  of  the  above-mentioned  facts,  an  investigation 
was  begun  in  the  laboratories  of  Purdue  University  in  1896,  and 
has  been  continued  since  that  time.  The  nature  of  the  problem 
and  the  relative  importance  of  its  various  factors  will  depend 
in  a  large  measure  on  the  standpoint  of  the  inquiry,  whether  that 
of  construction,  operation,  or  finance.     The  relations  of  the  vari- 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussion  on  the  same  topic  consult  Transactions  as  follows : 
No.  843,  vol.  xxi.,  p.  39G:  "  An  Efficiency  Test  of  a  One  Hundred  and  Twenty-five 

Horse-power  Gas  Engine."     C.  H.  Robertson. 
No.  875,  vol.  xxii.,  p.  152:  "Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 

Ignition."     C.  V.  Kerr. 
No.  895,  vol.  xxii.,  p.  612:  ''Efficiency  Tests  of  a  One  Hundred  and  Twenty-five 

Horse-power  Gas  Engine."     C.  H.  Robertson. 
No.  949,  vol.  xxiii.,  p.  686:   ''  Temperature  of  Exhaust  Gases."     R.  H.  Fernald. 
No.  950,  vol.  xxiii.,  p.  705:  "Working  Details  of  a  Gas  Engine  Test."     R.  H. 

Fernald. 
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ous  factors  are  complicated,  too,  by  the  fact  that  a  change  in  one 
may  produce  a  change  in  several  others,  the  character  and  ex- 
tent of  which  will  depend  upon  the  circumstances  imposed. 

2.  The  difficulties  of  an  investigation  of  the  sort  here  reported 
may  be  better  appreciated,  perhaps,  when  it  is  known  that  no  very 
satisfactory  advance  in  the  problem  as  a  whole  was  made  until 
the  fourth  year  of  investigation.  In  the  attempt  during  the  fifth 
year  to  verify  the  results  of  the  fourth  a  number  of  contradic- 
tions were  met  which  necessitated  a  sixth  year's  work  in  order  to 
determine  which  of  the  two  previous  years'  records  should  be  ac- 
cepted.* 

Facilities  for  Making  Tests. 

3.  Thus  far  346  tests  have  been  run,  only  a  part  of  which  are 
reported  in  this  paper  All  have  been  made  upon  a  6f  x  15^ 
Otto  gas  engine  (Fig.  211)  rated  at  12  horse-power,  and  having  a 
normal  speed  of  270  revolutions  per  minute.  A  break  spark  elec- 
tric igniter  is  used,  which  receives  its  current  through  a  sparking 
coil  from  a  5-cells  chemical  battery.  The  speed  is  controlled  by 
a  weighted  fly-ball  governor  acting  on  the  hit  and  miss  principle. 
By  using  a  series  of  different  governor  weights  the  speed  can  be 
varied  from  150  to  300  revolutions  per  minute. 

The  indicated  horse-power  of  the  engine  is  determined  by  means 

*  The  tests  during  the  first  three  years  of  this  series  were  carried  out  under  the 
general  direction  of  Prof.  R.  A.  Smart,  while  those  of  the  last  three  years  has  been 
made  under  the  supervision  of  the  writer.  Great  credit  is  due  to  the  authors  of 
the  following  theses,  who  as  students  in  Purdue  University,  exhibited  much 
energy,  patience  and  skill  in  carrying  forward  the  details  of  observing,  recording 
and  reducing  the  data. 

"The  Performance  of  a  Twelve -Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."     A  thesis  by  E.  G.  Crozier,  B.S.,  '96. 

"  The  Performance  of  a  Twelve-Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."     A  thesis  by  W.  D.  Findley,  B.S.,  '98. 

"  The  Performance  of  a  Twelve-Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."     A  thesis  by  L.  L.  Johnson,  B.S.,  '99. 

"  A  Series  of  Tests  on  a  Twelve-Horse-power  Otto  Gas  Engine  under  Various 
Conditions."     A  thesis  by  R.  S.  Coburn,  B.S.,  and  A.  O.  Vandervoort,  B.S.,  '00. 

"Tests  of  a  Twelve-Horse-power  Otto  Gas  Engine  to  Determine  the  Effect  of 
Changes  in  Speed,  Load,  Gas  Mixture,  Jacket  Temperature,  and  Ignition."  A 
thesis  by  Bruce  Rollman,  B.S.,  '01,  and  O.  Z.  House,  B.S.,  '01. 

"  A  Series  of  Tests  on  a  Twelve-Horse-power  Otto  Gas  Engine  to  Determine  the 
Effect  of  Changes  in  Various  Factors."  Two  theses  by  E.  M.  May,  B.S.,  '02,  and 
R.  I.  Rheinstrom,  B.S.,  '02. 
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of  a  Crosby  iiulicat<M-  driven  fnuii  a  pendiiluiii-reduciii<;  iii<»ii<>ii. 
The  power  delivered  to  the  fly  wheel  is  absorbed  and  iiicasunMl 
l)v  a  Prony  friction  brake  connected  to  a  pcndnluin  weight,  which 
is  so  calibrated  as  to  read  the  pull  in  pounds  at  the  end  of  the 
brake  arm.  The  eniiine  is  ))ruvided  with  separate  counters  for 
dctennining  the  number  of  revolutions  and  the  number  of  explo- 
sions; the  former  bv  connection  with  the  indicator  ria'a"inii'.  and 


Fig.  211. —  The  Exgixe  axd  its  Equipment. 


the  latter  by  means  of  a  mechanism  receiving  its  impulses  from 
the  burnt  gases  as  they  escape  from  the  exhaust  pipe. 

4.  Xatural  gas  is  used  in  all  tests,  its  heating  value  being  about 
970  British  thermal  units  per  cubic  foot  when  reduced  to  stand- 
ard conditon  of  1-1.7  pounds  pressure  and  62  degrees  Fahr.  tem- 
perature. It  is  measured  by  means  of  a  AVestinghouse  wet  gas 
meter,  suitable  arrangements  being  provided  for  observing  the 
pressure  and  temperature  of  the  gas  as  delivered  by  the  meter 
to  the  mixing  valve  of  the  engine.  The  mixing  valve  is  of  the 
plug-cock  type,  having  the  pointer  on  its  handle  swinging  over  an 
arc  srraduated  in  notches,  so  as  to  read  from  zero  to  ten  in  o'oins: 
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from  tho  closed  to  full  open  position.  These  markings  have  no 
particular  significance  in  regard  to  the  proportion  of  gas  to  air, 
and  merely  indicate  the  degree  of  opening  of  the  valve. 

5.  Provision  was  made  for  determining  the  amount  of  air  con- 
sumed bj  the  engine  during  certain  of  the  tests  by,  first,  provid- 
ing a  source  of  compressed  air  which  was  permitted  to  flow  through 
a  small  orifice,  previously  calibrated,  into  a  large  rubber  bag, 
whence  it  was  conducted  by  a  short  1^-inch  pipe  line  to  the  base 
of  the  engine,  which  had  previously  been  made  air-tight,  and  was 
thus  caused  to  act  as  a  reservoir  from  which  the  engine  drew  its 
air  supply.  In  order  to  secure  the  same  condition  during  those 
tests  when  the  air  was  being  measured,  as  obtained  when  the  en- 
gine was  taking  its  air  by  suction  through  the  base,  a  small  water 
manometer  was  connected  to  tlie  base,  and  observations  made  of 
the  pressure  therein  when  the  engine  w^as  running  normally. 
When  the  tests  were  run  in  which  the  air  was  measured,  this 
manometer  served  as  a  guide  for  regulating  the  flow  of  air  to  the 
base  in  such  a  manner  as  to  secure  the  same  vacuum  as  was  ob- 
served when  the  engine  was  taking  its  air  by  suction.  In  order 
to  protect  the  rubber  air-regulating  bag  from  excessive  pressures, 
a  suitable  water-sealed  safety  valve  was  connected  to  the  l^-inch 
pipe  line.  A  gauge  and  thermometer  placed  just  above  the  ori- 
fice for  measuring  the  air  served  to  show  the  pressure  and  tem- 
perature, and  these,  with  the  data  of  a  previous  calibration  of  the 
orifice,  made  it  possible  to  determine  quite  exactly  the  amount  of 
air  used. 

6.  Thermometers  inserted  in  the  pipes  just  before  and  after 
the  openings  in  the  jacket  served  to  determine  its  initial  and  final 
temperature,  which  with  the  weight  of  water,  as  determined  by 
weighing  barrels  and  scales,  made  it  possible  to  calculate  the 
amount  of  heat  absorbed  by  the  jacket  of  the  engine. 

Tests. 

7.  The  data  Dresented  in  this  DaDcr  are  a  part  of  those  secured 
during  the  fifth  and  sixth  years  of  the  investigation.  Through- 
out the  entire  set  of  each  year  two  persons  made  all  observations, 
each  test  lasting  fifteen  minutes,  with  time  between  to  allow  the 
conditions  to  become  constant.  Readings  were  taken  at  ^ve 
minutes'  intervals.  A  summary  of  the  factors  investigated  is  as 
follows : 
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I.  Proportion  of  gas  to  air. 
II.  Jacket  tciiiporatiiro. 
III.  Time  of  ignition. 
TV.  Revolutions  per  minute. 
V.  Horse-power. 
A  graphic  outline  of  these  tests  arranged  so  as  to  show  each 
series  with  its  variables  and  constants  is  as  follows:  Each  '^  X  '^ 
representing  a  test  and  the  coordinate  factors  opposite  it  showing 
the  condition  of  the  variable  factors  for  that  test,  while  the  con- 
stants of  the  series  are  stated  at  the  riaht. 


Series  1.— On  Mixture  of  Gas  and  Air. 
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Constants. 

Revolutions  per  minute  =  270. 
Point  of  ignition  normal. 
Jacket  temperature  =  140°  F. 
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Series  2. — On  Jacket  Temperature. 
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Constdnts. 

Revolutions  per  min.  =  270. 
Ignition  =  normal. 
Notch  =  3.5. 


8.  The  cooling  water  enters  the  jacket  at  the  bottom  and 
escapes  at  the  top.  Its  temperature  is  measured  just  before 
entering  and  just  after  leaving  the  jacket.  The  average  tem- 
perature of  the  jacket  must  have  been  somewhere  between  this 
initial  and  final  temperature,  and  probably  nearer  the  latter  than 
the  former.     In  the  absence  of  more  definite  information  on  this 
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point,  the  term  "  jacket  temperature  "  is  used  in  the  discussion  in 
the  sense  of  being  that  of  the  escaping  water. 


Series  3. — On  Time  of  Ignition. 
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Constants. 
Revolutions  =  270. 
Notch  =  3.5. 
Jacket  temperature  160°  F. 
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Brake  liorse-power. 

9.  The  significance  of  the  terms  early,  normal,  and  late  ignition 
as  used  in  this  paper  is  suggested  by  Fig.  3.  In  early  ignition  the 
explosion  takes  place  considerably  before  the  end  of  the  compres- 
sion stroke,  and  gives  a  very  sharp  peak  on  the  indicator  diagram, 
the  explosion  line  making  an  angle  of  about  10  degrees  with  the 
vertical.  With  normal  ignition  the  explosion  takes  place  slightly 
before  the  end  of  the  compression  stroke,  so  as  to  give  as  nearly  as 
possible  a  vertical  explosion  line.  In  late  ignition  the  explosion 
occurs  either  at  or  just  after  the  end  of  the  compression  stroke, 
and  gives  an  explosion  line  that  slopes  forward  from  the  vertical, 
making  an  angle  of  about  18  degrees. 

Series  4.— On  Revolutions  per  Minute. 
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Brake  horse-power. 
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Observed  and  Calculated  Results. 


10.  In  each  test  the  following  observations  were  taken:  Revolu- 
tion per  minute,  explosion  per  minute,  brake  load,  indicator  cards, 
weight  of  jacket  water,  initial  and  final  temperature  of  jacket 
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water,  tcniperatun*,  pressure  and  amount  of  gas  consumed,  and 
the  barometric  pressure. 

With  these  data  it  became  possible  to  calculate  the  following 
factors: 

Mean  effective  pressure. 

Indicated  horse-power. 

Brake  horse-power. 

Frictional  horse-power. 

Mechanical  efficiency. 

Gas  per  indicated  and  per  brake  horse-power  per  hour. 

Thermal  efficiency  based  on  indicated  and  on  brake  horse-power. 

Amount  and  percentage  of  heat  absorbed  by  the  jacket  and  by 
exhaust  and  radiation. 


Constants  and  Formulce. 

11.  The  constants  employed  in  connection  with  the  averagea 
ralues  of  observed  results  (not  given)  are  as  follows : 

The  piston  is  6f  inches  in  diameter,  and  has  a  stroke  of  15  i\ 
inches. 

The  clearance  is  35.2  per  cent,  of  piston  displacement,  or  2G 
per  cent,  of  cylinder  volume. 

!N'ormal  speed,  270  revolutions  per  minute. 

Heat  value  of  the  gas  is  970  British  thermal  units  per  cubic 
foot  standard  gas. 

Standard  gas  is  gas  at  a  pressure  14.7  pounds  absolute  per 
square  inch,  and  at  a  temperature  62  degrees  Fahr. 

Brake  horse-power  is  .00633  multiplied  by  revolutions  per 
minute  multiplied  by  brake  load. 

Indicated  horse-power  is  .001395  multiplied  by  explosions  per 
minute  multiplied  by  mean  effective  pressure. 

Thermal  efficiency  is  the  heat  equivalent  of  the  horse-power 
divided  by  the  total  heat  to  produce  that  horse-power,  and  is  based 
upon  the  brake  horse-power  and  indicated  horse-power  perform- 
ances respectively. 

The  mechanical  efficiency  is  the  brake  horse-power  divided  by 
the  indicated  horse-power. 

The  heat  lost  due  to  exhaust  and  radiation  is  the  total  heat 
less  (the  sum  of  the  heat  equivalent  of  the  brake  horse-power  and 
the  heat  absorbed  by  jacket  water). 
71 
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h^csulls. 

12.  The  results  of  tlie  tests  are  in  part  presontcd  in  the  form  of 
indicator  cards,  Fius.  21:^  to  lM  5  iiKdiisivc,  and  in  jKirt  in  the  t"<ti-in 
of  j)lotlcd  diai;ranis,  Fijji,s.  i^Ki  to  Jiil,  inchisivc. 

Concerning  Air  and  Gas  Mixture  Series. 

13.  It  is  very  much  to  be  regretted  that  the  series  of  tests  con- 
cerning the  effect  of  change  in  the  proportion  of  gas  to  air  have 


larnition  Late 


Ijriiition  Xouiual 


Ignition  Early 


Bi-ake 

Horse  Power 
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8.03 
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lloi-se  Power 

10.15 


Fig  213. —  Indicator  Cards  Representing  Series  3, 
Showing  changes  in  the  form  of  the  card  resulting  from  changes  in  the 

time  of  ignition. 

not  proven  as  satisfactory  as  was  desired.  On  this  account  the 
data  on  that  subject  will  be  reserved  for  future  consideration 
after  some  points  on  a  part  of  the  curves  have  been  reinvesti- 
gated. This  is  so  important  a  factor,  however,  and  has  such  a 
definite  bearing  upon  the  effect  of  other  factors,  that  it  is  neces- 
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sary  to  present  some  conclusions  concerning  it  to  serve  as  a  basis 
from  which  to  explain  the  effect  of  changes  in  some  other  of  the 
main  factors  of  the  investigation.  These  conclusions  are  based 
upon  the  curves  shown  in  Fig.  222,  which  curves  were  plotted 
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Fig.  214. —  Indicator  Cards  Representing  Series  4, 
Showing  changes  in  the  form  of  the  card  resulting  from  changes  in  speed. 

from  the  data  of  the  sixth  year's  work,  and  which  show  the  re- 
lation between  the  notch  of  the  mixing  value  and  the  ratio  of  gas 
to  air  for  the  horse-powers  of  0,  2,  and  4. 

The  curves  show: 

First.  At  a  given  notch,  speed,  jacket  temperature,  and  point 
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of  ignition,  that  the  ratio  of  gas  to  air  docreases  as  the  horse- 
power is  increased. 

Second.   The  effect  of  a  given  change  in  the  position  of  mixing 
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Fig.  215. —  Indicator  Cards  Representing  Series  4  (Combined), 
Showing  changes  in  the  form  of  the  card  resulting  from  changes  in  speed. 


valve  upon  the  ratio  of  gas  to  air  is  very  much  more  marked  at  the 
lower  than  at  the  higher  notches. 

14.  From  the  other  data  of  this  series  it  has  been  found  that 
the  notch  at  which  the  mixing  valve  is  set  is  an  important  factor 
in  the  gas  economy  of  the  engine,  that  a  change  of  its  position 
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has  a  marked  influence  upon  mean  effective  pressure,  and  that 
the  extent  and  character  of  this  influence  is  different  for  different 
horse-powers,  that  on  an  average  the  engine  runs  with  the  greatest 


Fig  216. —  Mean  Effective  Pressure  and  Explosions  per  Minute 

As  affected  by  changes  in  the  time  of  ignition,  temperature  of 

jacket,  speed,  and  horse-power. 

economy  if  the  mixing  valve  is  at  notch  3J,  and  that  an  increase 
of  horse-power  necessitates  a  slight  decrease  in  the  notch  position 
to  secure  the  highest  economy.  The  change  of  mean  effective 
pressure  produced  by  a  change  in  the  setting  of  the  gas  valve  is 


TESTS  or  A  t\\i:l\  i:-noKsi>ro\vi:K  ua.>5  lngim:. 


1109 


Fig.  217. —  Frictioxal  Horse-po\^-er  and  ^Iechanical  Efficiency 

As  affected  by  changes  in  time  of  ignition,  temperature  of 

jackets,  speed,  and  horse-power. 

accompanied  by  a  change  in  meclianical  efficiency.  In  all  tests 
in  which  other  factors  than  ratio  of  gas  to  air  was  being  consid- 
ered, the  mixing  valve  was  kept  at  this  best  average  notch  of  3^. 

A    GrapJdcal  PresentatWm  of  Ittsvlts  and  Ccmchmons 

Tlierefrom. 

15.   In  considering  Figs.  -16  to  221,  it  should  be  remembered 
tliat  at  best  it  is  possible  to  show  the  relation  between  a  main 
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factor  and  a  subordinate  factor  only  by  adopting  some  cx})edicnt 
^\■lli('ll  will  show  the  vahie  of  one  of  the  other  main  factors,  upon 


Fig.  218. —  Gas  Conslmption  for  the  Test  and  per  Indicated  Horse- 
power PER  Hour 
As^affected  by  changes  in  the  time  of  ignition,  temperature  of 
jacket,  speed,  and  horse-power, 

whicli  in  no  small  measure  the  relations  of  the  first  two  depend — 
that  is  to  say,  if  it  is  desired  to  show  the  effect  of  changes  of  tlie 
point  of  ignition  upon  the  mean  eifective  pressure,  it  is  important 
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ini 


that  the  lioi'sc  ixtwci-  of  I  lie  cuisine  he  kept  (Mnistaiit.     Prclci-ald V, 
this  should  \)v  the  iiidicaU'd   horsc-powor,  but  as  it  is  j)ractically 


15     -iO     -25     3U     35     40     45     50     55 
Standard  Gas  per  B.H.P.  per  hour 


13  5     14   14.5    15    15.5    16  lt>.5    17    17.5    18  18  5     14 
Thermal  efficiency  based  upon  I.  H.P. 


Fig.  219. —  Standard  Gas  per  Brake  Horse-power  and  Thermal  Efficiency 

As  affected  by  changes  in  time  of  ignition,  temperature  of  jacket,  speed, 

and  horse-power. 

impossible  to  secure  and  observe  such  a  condition,  the  tests  were 
run  on  the  basis  of  a  series  of  constant  brake  horse-powers. 

In  Figs.  216  to  221  each  curve  in  the  three  upper  portions  of 
the  diagrams  represents  a  constant  brake  horse-power,  the  vahie 
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of  \\\v  ])o\vor  bciiiii'  lii(1i('at('<l  l)v  llio  noto  of  reference  at  the  left. 
Ill  the  h^wer  portions  of  the  diagrams  each  curve  represents  a  con- 
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6       8      10     J.i    14 
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20      25     30      35     40      4o     50      53     60 


iO     i!o     30     35     40     45     50     55     60 
%  of  heat  absorbed  by  jacket 


Fig.  220. —  Theoretical  Efficiency  and  Per  Cent,  of  Heat 
Absorbed  by  Jacket. 

As  affected  by  changes  in  time  of  ignition,  temperature 
of  speed  and  horse-power. 


stant  temperature  of  jacket.  AYhile  it  is  clear  that  comparisons 
between  the  several  diagrams  will  permit  the  construction  of 
curves  showing  relations  other  than  tliose  which  are  presented,  it 
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is  lu'vcrlliclcss  bolicvcd  I  hat  llic  diagrams  as  <r'i\{\\  constil  iitc  ji 
(•(>iii|)lrl(^  record  of  the  cxixriuicntal  results,  and  for  this  reason 
the  usual  an-a_v  of  nuinerical  results  is  entirely  omitted. 

(hndusio7is  Concerning  the  Effect  of  Changes  in  the  Point  of 

Ignition. 

16.  By  referring  to  the  curves  it  may  be  seen  that  the  mean 


Fig.  221. —  Heat  Exhausted  and  Radiated 

As  affected  by  changes  in  time  of  ignition,  temparature  of  jacket, 

speed,  and  horse-power. 
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effective  pressure  for  early  ignition  is  considerably  less  than  for 
normal,  which  in  turn  is  better  than  for  late.  The  shape  of  the 
curves  indicates  two  things:  first,  that  the  highest  mean  effective 
pressure  is  secured  between  normal  and  late,  and  probably  con- 
siderably closer  to  the  former  than  the  latter;  and,  second,  that 
an  increase  of  horse-power  calls  for  a  later  point  of  ignition  if 
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Fig.  222. — Position  of  Mixing  Valve  and  Ratio  of  Gas  to  Air. 


the  highest  mean  effective  pressure  is  to  be  secured.  It  may  also 
be  observed  from  the  curves  (7i,  Fig.  217,  designated  '^  frictional 
horse-power,"  that  the  early  ignition  causes  a  considerable  increase 
in  frictional  horse-power.  Since  these  curves  are  all  drawn  at  con- 
stant horse-powers,  this  means  a  decrease  in  mechanical  efficiency, 
as  shown  in  the  curves  Z>i,  Fig.  217. 

17.  This  results  in  the  necessity  of  an  increase  of  the  number 
of  explosions  per  minute,  curves  B^^  Fig.  216,  to  carry  the  horse- 
powers as  designated,  and  consequently  an  increase  in  the  gas 
consumed  per  fifteen  minutes  per  indicated  and  per  brake  horse- 
power per  hour,  as  shown  by  E^^  F^^  and   G^^  respectively.  Figs. 
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218  ami  lM!>.  TIk^x  i^ms  consninption  records  nicMii,  <>f  course,  a 
decrease  in  ihcriiuil  ciliccncv  IiummI  iijxtii  Ixitli  llic  iiidicalcMJ  jind 
the  brake  horse-powers,  as  shown  by  7/,  and  /,,  Ki<is.  lMI>  and 
'220.  The  decrease  in  efficiency  is  consi(h'ral>ly  bax'cl  n|)on  l)oth 
the  indicated  and  the  brake  horse-])o\vers,  as  greater  at  the  h)\ver 
and  higher  horse-powers  of  zero  and  10  tlian  it  is  for  the  nuHlinni 
liorse-powers  G  and  8. 

18.  From  the  curves  J  and  K  shown,  we  note  two  conclusions : 
first,  that  on  the  average  the  late  ignition  is  better  than  tlie  normal, 
and  considerably  better  than  early;  second,  that  the  best  point  of 
ignition  is  probably  between  normal  and  late,  and  closer  to  the 
latter  than  to  the  former. 

The  net  change  in  the  amount  of  heat  absorbed  by  the  jacket 
and  in  exhaust  and  radiation  in  passing  from  normal  to  late  igni- 
tion, the  sum  of  which  on  an  average  amounts  to  an  increase  of 
1.66  per  cent.,  is  probably  due  in  part  to  the  increa-se  in  the  fric- 
tional  horse-po^ver,  which  on  the  average  increases  1.61  per  cent. 
It  is  to  be  regretted  that  the  series  was  not  continued  with  the 
still  later  ignition  for  each  of  the  horse-powers.  The  object  of 
the  investigation,  however,  was  to  find  that  point  which  would 
give  the  best  performance. 

Conclusions  Concerning  Changes  in  Jaclcet  Temperatures. 

19.  By  referring  to  the  sets  of  curves  opposite  the  jacket  tem- 
perature scale,  it  is  seen  that  for  all  horse-powers  excepting  10 
an  increase  in  jacket  temperature  produces  a  decrease  in  the  mean 
effective  pressure,  and  that  this  effect  is  more  marked  at  low  than 
at  high  horse-powers,  ^25  ^i?'-  ^1^-  Notwithstanding  this  decrease 
in  mean  effective  pressure,  the  engine  requires  fewer  explosions  per 
minute  at  the  high  jacket  temperature  to  carry  the  horse  powers, 
as  is  shown  by  the  next  curves,  B^^  Tig.  216.  This  is  explained 
mainly  by  the  next  set  of  curves,  62,  Tig.  217,  which  shows  that  the 
increased  jacket  temperature  produces  a  very  marked  decrease  in 
frictional  horse-powers,  which  on  an  average  is  represented  by  the 
following  formula : 

in  which  F.H.P.  =  Frictional  horse-power, 

t  —  Jacket  temperature  °  F. 
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20.  The  curves  B^  and  C^  indicate,  of  course,  that  the  mechan- 
ical efficiency  is  increased,  and  that  the  gas  per  fifteen  minutes  to 
carry  these  horse-powers  is  decreased,  as  is  illustrated  by  curves 
1),  and  El.  The  decrease  of  frictional  horse-power  due  to  in- 
crease of  temperature  of  jacket  from  90  to  200  degrees  is  (1.27), 
and  the  corresponding  increase  in  mechanical  efficiency  is  8.9  per 
cent. 

By  dividing  the  gas  per  fifteen  minutes  by  the  explosions  in 
that  time,  it  is  found  that  the  increase  in  jacket  temperature  is 
accompanied  by  an  increase  in  the  amount  of  gas  per  explosion, 
thus  showing  that  the  decreased  mean  effective  pressure  is  not 
due  to  a  decrease  in  the  amount  of  gas.  This  means,  of  course, 
that  the  economy  based  upon  the  cylinder  performance  is  im- 
paired by  the  increase  in  jacket  temperature.  It  is  of  interest  to 
observe  that  the  decrease  in  explosion  per  minute  must  result  in 
an  increased  scavenging  effect  due  to  blank  charges  of  air,  which 
it  would  seem  should  tend  to  produce  an  increase  in  the  mean 
effective  pressure.  Possibly  the  change  of  jacket  temperature 
causes  a  change  in  the  proportion  of  gas  to  air  sufficient  to  ac- 
count for  the  decrease  in  mean  effective  pressure.  The  increase 
in  gas  per  indicated  horse-power  per  hour  is  shown  by  curves  F^^ 
Fig.  218,  while  the  gas  per  brake  horse-power  per  hour,  curves  G^^ 
Fig.  217,  is  seen  to  decrease.  This  is  a  good  illustration,  of  which 
there  are  a  number  in  the  investigation  of  a  conflict  of  interests 
between  mechanical  and  thermal  considerations.  The  increased 
jacket  temperature  produces  a  decreased  mean  effective  pressure 
and  an  increase  in  the  gas  per  indicated  horse-power  per  hour,  but 
notAvithstanding  these  disadvantages,  the  increased  temperature  is 
so  beneficial  from  the  mechanical  standpoint  in  decreased  fric- 
tion that  the  gas  per  brake  horse-power  per  hour  and  the  thermal 
efficiency  based  upon  the  same  show  a  considerable  improvement. 

21.  Passing  to  the  next  set  of  curves,  J^^  Fig.  219,  showing  the 
per  cent,  of  heat  absorbed  by  the  jacket,  it  is  seen  in  general,  and 
as  might  be  expected,  that  an  increase  in  jacket  temperature  pro- 
duces a  decrease  in  the  amount  of  heat  absorbed  by  the  jacket.  The 
curves  ^2,  Fig.  220,  show  on  the  average  that  the  increase  in 
jacket  temperature  causes  an  increase  in  the  percentage  of  heat 
exhausted  and  radiated.  These  two  latter  factors  are  considerably 
affected  by  the  decrease  in  friction,  as  shown  by  curves  C-i, 

Under  certain  circumstances  it  may  be  that  the  saving  of 
jacket  water  by  using  a  high  temperature  of  discharge  may  be 
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an  iniportnnt  factor,  'i'liis  savini;"  of  water  may  bn  no  small 
amount.  Tako,  for  illiisl  ration,  the  case  of  the  cuiiinc  carrviiiir 
()  horsc-powci',  with  a  jacket  temperature  of  200  (l(;<»rees  (j(l.5 
pounds  of  water  were  used,  wliile  at  00  degrees  337  pounds  were 
required.  'J'lie  higher  temperature  thus  requiring  but  .2  as  much 
water  as  the  lower. 

Conclushms  Voncerning  the  Effect  of  Changes  in  Speed. 

22.  The  sets  of  curves  next  below  those  just  considered,  and 
designated  by  the  subscript  3,  show  the  effect  of  changes  in  revolu- 
tions per  minute.  The  first  result  we  notice  of  an  increase  in 
speed  from  150  to  300  revolutions  per  minute  is  a  marked  increase 
in  the  mean  eifective  pressure.  The  curves  concerning  this  factor 
are  somewhat  irregular,  but  the  fact  that  in  all  sets  they  are  in 
the  main  parallel,  indicates  that  the  irregularity  is  in  some  way 
dependent  upon  the  changes  in  speed.  This  increase  in  mean 
effective  pressure  is  most  marked  at  the  higher  horse-powers,  where 
it  amounts  to  an  increase  of  7  pounds  when  changing  from  232  to 
298  revolutions  per  minute. 

^Notwithstanding  the  increase  of  mean  effective  pressure  at  a 
given  horse-power,  the  number  of  explosions  to  carry  that  horse- 
power is  seen  by  the  curves  B^,  to  increase  with  the  speed.  The 
need  of  this  increase  is  at  once  explained,  however,  by  glancing 
at  the  curves  C^  showing  the  effect  upon  frictional  horse-power, 
where  it  is  found  that  an  increase  of  speed  from  150  to  270  causes 
an  increase  in  frictional  horse-power  from  1.19  to  3.39. 

23.  The  curves  may  look  somewhat  irregular  at  first  glance, 
but  because  of  the  difficulty  generally  experienced  in  determin- 
ing frictional  horse-power,  it  is  believed  that  they  are  quite  satis- 
factory. The  narrow  band  in  which  all  excepting  the  highest 
speed  points  are  contained  indicates  unusual  agreement,  and  in- 
dicates further  that  the  amount  of  energy  absorbed  in  friction 
under  constant  ignition,  jacket  temperature,  and  speed  is  nearly 
the  same  at  all  horse-powders. 

24.  Another  interesting  conclusion  is  evident  from  a  considera- 
tion of  the  shape  of  the  curves.  IN'eglecting  the  two  points  at 
6  and  8  horse-powers  and  at  300  revolutions  per  minute,  this 
group  has  quite  a  decided  bend  in  which  the  concavity  is  down- 
ward. !N"ow  since  the  frictional  horse-power  is  made  up  of  energy 
in  which  the  two  factors  are  resistance,  and  distance  through 
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which  the  resistance  is  overcome,  and  since  the  amount  of  this 
energy  is  proportional  to  each  of  these  factors,  and  since,  further, 
the  vertical  scale  of  specnl  represents  also  the  distance  overcome, 
the  departure  from  a  straight  line  indicates  a  change  in  the  re- 
sistance factor;  in  this  case  an  increase.  In  other  v^ords,  the  in- 
crease in  speed  causes  an  increase  of  frictional  horse-power  be- 
cause of  an  increase  of  resistance  to  motion,  and  because  of  an 
increase  in  the  distance  through  which  this  resistance  had  to  be 
overcome. 

25.  The  decrease  in  mechanical  efficiency  resulting  from  this 
increase  in  speed  is  greater  at  low  horse-powers  than  at  high. 
The  decrease  due  to  the  change  from  150  to  300  revolutions  per 
minute  varying  from  87  per  cent,  to  65  per  cent,  for  the  six  horse- 
power, and  from  62  per  cent,  to  ^4  per  cent,  for  the  two  horse- 
power. The  average  decrease  in  mechanical  efficiency,  as  shown 
by  the  three  curves  representing  2,  4  and  6  horse-power  respect- 
ively, is  24  per  cent.  Assuming  that  the  general  trend  of  the 
curves  may  be  represented  approximately  by  a  straight  line,  the 
relation  between  mechanical  efficiency  and  revolutions  per  minute 
is  represented  by  the  following  straight-line  equation : 

FHP   -  ^■^•^'  -  ^7 

57 

in  which  F.H.P    =  Frictional  horse-power, 

R.P.M.  =  Revolutions  per  minute. 

The  increase  in  the  amount  of  gas  per  fifteen  minutes  is  due 
to  two  things:  first,  an  increase  in  the  number  of  explosions  per 
minute  to  carry  the  different  horse-powers;  and,  second,  to  an 
increase  in  the  amount  of  gas  per  explosion,  as  is  shown  by  divid- 
ing the  amount  of  gas  by  the  number  of  explosions  at  the  highest 
and  lowest  speeds  respectively. 

26.  A  glance  at  the  next  curves,  T^g,  Fig.  2 18, indicates  the  effect 
of  this  speed  change  upon  the  standard  gas  per  indicated  horse- 
power, and  shows  that  the  increased  speed  is  a  decided  disadvantage 
from  the  standpoint  of  cylinder  performance.  This  means,  as  noted 
before,  that  though  an  increased  speed  resulted  in  an  increase  in 
mean  effective  pressure,  this  increase  is  not  as  great  proportion- 
ally as  the  increase  of  gas  admitted  into  the  cylinder  per  explosion. 

The  increase  in  gas  per  indicated  horse-power,  and  the  decreased 
mechanical  efficiency  due  to  increased  friction  means,  of  course, 
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a  still  more  marked  increase  in  the  gas  per  brake  horse-power  per 
hour,  which  is  illustrated  l>v  tlic  curves  6*3,  Fig.  211).  The  increase 
in  gas  per  brake  horse-power  per  hour  at  the  lower  horse-powers 
is  much  more  marked,  aS  shown  by  the  increased  slant  of  the 
curves  for  the  lower  as  compared  with  these  at  the  higher  powers. 
-7.  By  referring  to  the  curves  J^  and  K^^  Figs.  -I-IO  and  'I'lX, 
showing  the  jacket  loss  and  the  exhaust  and  radiation  losses,  it  i.i 
seen  that  an  increased  speed  produces  a  marked  decrease  in  the 
heat  absorbed  by  the  jacket,  but  a  greater  increase  in  the  amount 
exhausted  and  radiated.  The  effect  n])oii  tlu^se  two  factors  of  the 
accompanying  increased  frictional  horse-power  is  probably  that  it 
tends  to  oppose  the  decrease  in  jacket  loss  and  to  exaggerate  the 
exhaust  and  radiation  losses. 


Conclusions  Concerning  the  Effect  of  Changes  i?i.  Brake  Horse- 
Power. 

28.  In  a  consideration  of  the  curves  showing  the  effect  of 
changes  in  brake  horse-power,  which  are  designated  by  the  sub- 
script 4,  it  should  be  remembered  that  the  characters  on  the  curves 
now  represent  constant  jacket  temperature  rather  than  constant 
horse-power  as  previously.  It  will  be  of  interest  first  to  note  that 
an  increase  of  power  is  attended  by  a  decrease  of  mean  effective 
pressure  (A4,  Fig.  216).  The  increase  in  horse-power  is  secured, 
mainly,  of  course,  by  an  increase  in  the  explosions  per  minute. 
This  increase  of  explosions  per  minute  means  a  decrease  in  the 
scavenging  effect  of  blank  charges  of  air  drawn  through  the 
engine,  and  in  no  small  measure  this  decrease  of  mean  effective 
pressure  is  probably  due  to  the  decreased  scavenging.  As  before 
noted,  a  change  in  horse-power  at  constant  notch  of  the  mixing 
valve  produces  a  change  in  the  proportion  of  gas  to  air,  and  this 
doubtless  has  considerable  effect  on  the  change  in  mean  effective 
pressure. 

The  effect  of  increased  horse-power  upon  the  frictional  horse- 
power is  to  show  an  increase  in  friction  from  zero  to  about  3 
horse-power,  after  which  an  increase  in  horse-power  shows  a  con- 
siderable decrease  in  friction.  This  decrease  in  frictional  horse- 
power for  all  of  the  higher  horse-powers,  and,  in  fact,  from  2 
horse-power  up,  taken  in  connection  vrith  the  increase  in  brake 
horse-power,  means  a  marked  increase  in  mechanical  efficiency. 

72 
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The  highest  reached  is  87  per  cent,  for  the  curve  which  represents 
the  200-degree  jacket  temperature  {C4,  Fig.  217). 

29.  Since  the  frictional  horse-power  i^  made  up  of  two  factors, 
resistance  and  the  distance  through  which  the  resistance  is  over- 
come, and  since  the  speed  or  distaj;ice  passed  over  in  this  series  is 
constant,  this  change  in  frictional  horse-power  must  be  due  to  a 
change  in  the  resistance. 

The  factors  that  probably  tend  to  increase  the  resistance  are 
the  increased  pressure  on  bearings  and  the  increased  time  that  it 
is  applied.  The  principal  factor  that  it  is  thought  may  decrease 
the  resistance  is  the  decrease  in  piston  friction,  due  to  a  higher 
temperature  of  the  cylinder  lubricant,  because  of,  first,  its  in- 
creased time  of  contact  with  heated  gases;  second,  the  decreased 
contaist  wdth  cool  air  due  to  fewer  blank  charges;  and,  third,  due 
to  the  cylinder  lubricant  being  the  highway  through  which  passes 
a  greater  amount  of  heat  to  the  jacket  w^all  as  the  horse-power 
increases. 

Since  all  of  the  factors  at  constant  speed  and  ignition  that  go 
to  make  up  friction  is  seen  to  be  plainly  subordinate  to  the  jacket 
temperature,  as  shown  by  the  curves  under  that  variable,  it  is 
suggested  that  the  decrease  of  friction  due  to  increased  horse- 
power is  due  mainly  to  the  supposed  increase  in  the  temperature 
of  the  cylinder  lubricant. 

30.  The  curves  showing  the  relation  between  the  horse-power 
and  the  standard  gas  per  indicated  horse-power  per  hour,  show 
that  on  the  average  the  best  performance  is  at  6  horse-power. 
Any  change  above  or  below  this  power  shows  an  increase  in  gas 
consumption.  From  a  consideration  of  the  gas  per  brake  horse- 
power hour,  it  at  once  appears  that  the  increase  in  mechanical 
efficiency  with  an  increase  in  horse-power  is  so  great  as  to  cause 
a  continual  improvement  in  the  gas  per  brake  horse-power  per 
hour  as  the  horse-power  is  increased.  It  thus  turns  out  that  the 
point  of  maximum  efficiency  based  upon  indicated  horse-power 
is  at  6,  while  from  the  standpoint  of  brake  horse-power,  its 
highest  efficiency  is  found  to  be  at  the  highest  horse-power  that 
the  engine  will  carry. 

From  curves  J^  and  IC^  it  is  seen  in  general  that  an  increase  in 
horse-power  produces  an  increase  in  percentage  of  heat  absorbed 
by  the  jacket,  and  a  decrease  in  the  heat  exhausted  and  radiated. 
It  is  surprising,  however,  that  these  changes  are  both  very  much 
more  marked  at  high  than  at  low-jacket  temperature. 
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Summary  of  Conclusions. 

31.  liiitio  of  gas  fo  air  series: 

T.  At  a  c:ivoii  notcli  of  the  niixinir  valve  a  change  in  horse- 
power causes  a  change  in  the  ratio  of  gas  to  air. 

II.  The  effect  of  a  given  change  in  the  position  of  the 
mixing  valve  upon  the  ratio  of  gas  to  air  is  much  more 
marked  at  the  lower  than  at  the  higher  notches. 

III.  The  notch  at  which  the  gas  valve  is  set  is  an  im- 
portant factor  in  the  gas  economy  of  the  engine. 

lY.  A  change  in  the  notch  of  the  gas  valve  has  a  marked 
influence  upon  the  mean  effective  pressure,  the  extent  an<l 
character  of  which  is  different  at  different  horse-powers. 

Y.  On  an  average  the  engine  runs  with  the  greatest 
economy  at  notch  3^,  and  an  increase  in  horse-power  neces- 
sitates a  slight  decrease  in  the  notch  position  to  secure  the 
best  economy. 

32.  Point  of  ignition  series  : 

I.  The  point  of  ignition  has  a  marked  influence  upon  the 
mean  effective  pressure. 

II.  The  highest  mean  effective  pressure  is  secured  by  an 
ignition  at  a  point  designated  as  between  normal  and  late, 
and  nearer  the  former  than  the  latter. 

III.  An  increase  of  horse-power  calls  for  a  retarding 
of  the  point  of  ignition  to  secure  a  maximum  mean  effec- 
tive pressure. 

lY.  The  engine  runs  with  the  least  amount  of  friction 
and  the  highest  mechanical  efficiency  with  the  point  of 
ignition  between  "  normal  "  and  "  late.'' 

Y.  From  the  standpoint  of  the  brake  horse-power,  the 
lowest  gas  consumption  and  the  highest  thermal  efficiency 
are  secured  wdth  the  late  ignition. 

33.  Jacket  temperature  series: 

I.  At  all  horse-powers  excepting  the  highest,  an  in- 
crease in  jacket  temperature  is  accompanied  by  a  decrease 
in  the  mean  effective  pressure. 

II.  The  increase  in  the  jacket  temperature  from  90  de- 
grees to  200  degrees  results  in  a  decrease  of  frictional 
horse-power  from  3.88  to  2.61,  or  a  net  change  of  1.27 
horse-power.  This  results  in  an  increase  in  mechanical 
efficiency  from  57.3  per  cent,  to  66.1  per  cent.,  or  a  not 
gain  of  8.9  per  cent. 
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III.  The  increase  in  jacket  temperature  causes  an  in- 
crease in  the  gas  per  indicated  horse-power  per  hour  from 
15.5  cubic  feet  to  16.4,  or  a  net  increase  of  1.27  cubic  feet. 

IV.  The  increase  in  jacket  temperature  is  so  beneficial 
from  a  mechanical  standpoint  in  decreased  friction  as  to 
cause  a  decrease  in  the  gas  per  brake  horse-power  per  hour 
from  28.86  to  26.17,  or  a  decrease  of  2.69  cubic  feet. 

V.  The  change  in  gas  consumptions  noted  in  III.,  due 
to  a  change  in  jacket  temperature  from  90  degrees  to  200 
degrees,  results  in  a  change  in  thermal  efficiency  based  upon 
indicated  horse-power  from  17.38  to  16.06,  a  decrease  of 
1.32  per  cent.,  and  based  upon  brake  horse-power  from 
9.76  to  10.75,  an  increase  of  about  1  per  cent. 

VI.  The  increase  in  jacket  temperature  considerably  ef- 
fects the  per  cent,  of  heat  absorbed  by  the  jacket  and  the  per 
cent,  exhausted  and  radiated.  The  effect  on  these  factors  is 
different  at  different  horse-powers,  and  in  brief  is  as  fol- 
lows: The  increase  in  temperature  at  first  causes  an  increase 
in  the  jacket  loss  and  a  decrease  in  the  exhaust  and  radia- 
tion loss.  In  a  general  way,  however,  the  increase  in 
jacket  temperature  causes  a  decrease  in  jacket  and  an  in- 
crease in  exhaust  and  radiation  losses. 

34.  Speed  series : 

I.  An  increase  in  speed  results  in  an  increase  in  the 
amount  of  gas  per  explosion,  an  increase  in  the  mean 
^effective  pressure,  and  an  increase  in  the  explosions  per 
minute  at  a  constant  brake  horse-power. 

II.  The  increase  in  gas  per  explosion  is  greater  pro- 
portionally than  the  increase  in  mean  effective  pressure, 
and  therefore  results  in  an  increase  in  the  gas  per  indicated 
horse-power  per  hour,  and  a  corresponding  decrease  in  the 
thermal  efficiency  based  upon  gas  per  indicated  horse-power 
per  hour. 

III.  The  increase  speed  from  150  to  300  revolutions 
per  minute  causes  an  increase  in  frictional  horse-power 
from  1.19  to  3.39,  or  a  net  increase  of  2.20,  and  on  the 
average  a  decrease  in  mechanical  efficiency  of  24.8  per  cent. 

IV.  The  increase  in  frictional  horse-power  with  increased 
speed  is  due  mainly  to  the  increased  distance  through 
which  the  frictional  resistances  are  overcome,  but  in  part 
to  a  slight  increase  in  the  resistances. 
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V.  The  increase  in  speed  results  in  an  increase  in  the 
gas  per  brake  horse-power  per  hour,  and  a  corresponding 
decrease  in  the  thermal  efficiency  based  ui)on  brake  horse- 
power. The  reasons  for  this  may  be  found  in  II.  and  III. 
above.  These  changes  in  gas  consumption  and  in  efficiency 
are  much  more  marked  at  low  than  at  high  horse-powers, 
because  of  the  much  lower  mechanical  efficiency  at  the 
lower  horse-powers. 

VI.  The  increase  in  speed  caused  a  marked  decrease  in 
the  per  cent,  of  heat  absorbed  by  the  jacket,  and  an  in- 
crease in  the  per  cent,  exhausted  and  radiated. 

35.  Brake  horse-power  series : 

I.  An  increase  in  brake  horse-power  from  0  to  10  causes 
a  decrease  in  mean  effective  pressure  from  93.86  to  82.29, 
or  a  decrease  of  11.57  pounds. 

II.  An  increase  in  brake  horse-power  causes  at  first  a 
slight  increase  in  the  frictional  horse-powers,  and  then  a 
considerable  decrease,  which  effect  is  more  marked  at  high 
than  at  low  jacket  temperature. 

III.  The  increase  in  brake  horse-power  from  2  to  10 
causes  an  average  increase  in  mechanical  efficiency  from 
36.67  to  78.55,  or  a  gain  of  41.88  per  cent. 

IV.  From  the  standpoint  of  the  indicated  horse-power, 
the  lowest  gas  consumption  and  the  highest  thermal  effi- 
ciency is  neither  at  the  highest  or  lo\vest  horse-power,  but 
at  a  point  about  .6  of  the  maximum. 

V.  For  the  same  factors  as  mentioned  in  IV.  from  a 
brake  horse-powder  standpoint,  the  best  results  are  secured 
at  the  maximum  horse-power  of  the  engine. 

VI.  An  increase  in  horse-powder  causes  an  increase  in 
the  jacket  loss  and  a  decrease  in  the  exhaust  and  radiation 
losses.  This  change  is  more  marked  at  high  than  at  low 
jacket  temperature. 

36.  In  general : 

I.  From  the  standpoint  of  the  indicated  horse-power, 
the  lowest  gas  consumption  and  the  highest  thermal  effi- 
ciency are  secured  under  the  following  conditons:  Igni- 
tion between  normal  and  late,  jacket  temperature,  the 
lowest  used,  or  90  degrees;  speed,  the  low^est  tried,  or  150 
revolutions  per  minute;  brake  horse-power,  at  about  .6 
the  normal  capacity  of  the  engine. 
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II.  From  the  practical  standpoint  of  gas  economy  and 
thermal  efficiency  based  upon  brake  horse-power,  the  fric- 
tional  horse-power  is  an  exceedingly  important  factor, 
being  in  many  cases  sufficient  to  more  than  counterbalance 
decided    thermal    disadvantages.      The    lowest    frictional 

^horse-power,  and  the  highest  mechanical  efficiency  are 
secured  with  late  ignition,  high  jacket  temperature,  low 
speed,  and  the  highest  horse-powers  available  under  the 
conditions  thus  defined. 

III.  The  importance  of  friction  as  a  factor  in  realizing 
high  thermal  efficiency  based  upon  brake  horse-power,  is 
emphasized  by  the  fact  that  the  highest  efficiency  is  secured 
under  substantially  the  same  conditions  as  specified  in  II. 
for  obtaining  the  least  amount  of  friction  and  the  highest 
mechanical  efficiency. 

Suggestions  for  Future  Investigations. 

37.  It  is  to  be  regretted  that  inadequate  facilities  and  pressure 
of  other  duties  have  made  it  impossible  to  give  this  investigation 
such  attention  as  would  have  resulted  in  securing  complete  data 
for  all  the  tests  involving  all  the  factors  suggested,  and  in  addi- 
tion that  of  varying  degrees  of  compression.  It  is  expected,  how- 
ever, that  the  investigation  will  be  continued,  and  it  is  hoped  that 
other  investigators  will  be  encouraged  to  take  up  the  problem 
and  make  a  more  complete  and  satisfactory  solution  than  is  here 
recorded,  and  also  that  many,  in  discussing  this  paper,  will  take 
a  part  in  making  suggestions  as  to  the  proper  method  of  arrang- 
ing and  conducting  such  series  of  tests. 

For  such  an  investigation  the  following  points  are  noted:  It 
should  be  easily  possible  on  the  engine  under  investigation  to 
secure  and  to  observe  with  ease  and  accuracy,  and  through  a  wide 
range,  changes  in  the  following  factors:  speed,  load,  jacket  tem- 
perature, proportion  of  gas  to  air,  point  of  ignition,  and  degree 
of  compression. 

Observations  should  include  factors  for  determining  all  effi- 
ciencies, both  mechanical  and  thermal,  all  horse-powers — brake, 
indicated,  and  frictional — all  gas  consumptions,  all  heat  distribu- 
tions, all  air  consumptions,  the  various  temperatures,  and  steadi- 
ness and  certainty  of  action.  The  engine  should  be  fitted  with 
at  least  two  types  of  governors,  and  with  cylinders  of  different 
proportions  of  length  to  diameter. 
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These  series  of  tests  should  be  run  on  an  engine  of  compara- 
tively small  size,  then  repeated  on  an  engine  of  medium  size,  and 
again  on  one  of  the  largest  size  available. 

With  an  investigaton  taken  up  on  this  line  and  conscientiously 
carried  through,  we  should  have  a  basi^  for  formulating  a  theory 
of  the  gas  engine  which  would  furnish  important  lines  of  guid- 
ance for  future  development,  the  need  for  which  is  very  great,  and 
the  like  of  which  in  the  steam-engineering  field  we  have  been 
waiting  for  years,  and  in  many  particulars  are  still  waiting,  to 
secure. 

DISCUSSION. 

Prof.  W.  F.  M.  Goss. — Members  of  the  Society  will  be  inter- 
ested in  knowing  that  this  ])aper  is  the  last  ]^iece  of  work  done 
by  Professor  Robertson  before  his  departure  for  China  to  take 
up  w^ork  under  the  International  Board  of  the  Young-  JVIen's 
Christian  Association.  This  mission  is  among,  the  educated 
classes  of  China,  who  are  anxious  to  learn  of  the  western  world 
and  wish  to  take  up  science  and  technology  under  "w^estern 
teachers,  the  ultimate  purpose  of  all  the  instruction  l)eing  to 
lead  them  gradually  to  an  understanding  of  the  principles  of  the 
Christian  religion.  In  accepting  the  responsibilities  of  such  a 
mission,  I  know  that  Professor  Robertson  has  yielded  to  desires 
and  inspirations  which  have  long  been  strong  within  him,  and 
I  imagine  that  the  example  of  his  devotion  will  not  fail  to  inspire 
others  with  interest  in  his  w^ork. 

It  is  to  be  regretted  that  the  proof  of  this  paper  could  not 
have  had  the  benefit  of  its  author's  scrutiny.  In  the  absence  of 
Professor  Robertson,  and  in  conformity  with  his  wish,  the  proof- 
reading fell  upon  me,  but  I  have  not  attempted  to  do  more  than 
to  harmonize  certain  statements  contained  in  the  original  paper 
with  certain  suggestions  of  the  Publication  Committee  regard- 
ing the  presentation  of  diagrams  and  tabulated  results. 

Finally,  concerning  the  merits  of  the  paper  itself,  I  can  testify 
to  the  long  and  very  careful  research  which  it  represents.  So 
far  as  I  know,  no  analysis  of  the  performance  of  an  individual 
engine  has  eyer  been  made  so  thorough  as  that  of  the  Otto  gas 
engine,  the  results  of  which  are  here  presented.  Professor 
Robertson's  discussion  of  engine  friction  and  of  the  factors  which 
influence  its  yalue  is,  I  think,  entirely  unicjue  and  satisfactory. 
While  numerical  measures,  and  even  percentage  values  may  be 
different  for  engines  of  different  powers,  yet  the  causes  which 
are  here  shown  to  exert  themselves  will  always  exist. 
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SOME  DATA    ON  HOISTING  HOOKS. 

BY  JOHN  L.  BACON,  CHICAGO,  ILL. 

(Junior  Member  of  the  Society.) 

1.  The  following  are  some  results  obtained  from  experiments 
which  had  in  view  a  comparison  of  the  strengths  of  hooks  bent 
out  of  round  stock,  and  hooks  shaped  according  to  Towne's 
formula,  and  also  the  effect  of  case  hardening,  or  carbonizing, 
upon  the  strength  of  the  above  hooks,  l^o  attempt  was  made 
at  mathematical  analysis,  the  object  being  experimental  data. 

2.  The  general  shape  of  the  hooks  tested  is  shown  in  Fig.  223. 
The  eyes  were  welded,  and  pains  were  taken  to  have  the  lower 
curved  parts  of  the  hooks  to  be  compared,  alike  as  near  as 
possible. 

3.  One  of  the  conclusions  drawn  from  the  experiments  was, 
that  if  the  hook  was  properly  shaped  between  the  points  A  and 
B^  Fig.  223,  the  shaping  of  the  rest  of  the  hook  had  very  little  to 
do  with  the  strength ;  the  shaping  of  the  rest  of  the  hook  having 
more  to  do  with  the  ''hang "  than  the  strength.  Of  course  the 
critical  part  for  strength  lies  at  about  the  point  G,  the  shape  of 
the  lower  part  merely  determining  the  point  at  which  the  load 
will  be  applied.  All  of  the  hooks  tested  failed,  either  by  bend- 
ing or  breaking,  at  about  G. 

4.  When  testing,  working  conditions  were  reproduced  as  nearly 
as  possible.  The  hook  was  suspended  by  a  loop  of  round  iron 
run  through  the  eye,  the  ends  of  the  loop  being  gripped  in  the 
upper  jaws  of  the  testing  machine. 

5.  A  long  link  of  round  iron  was  put  over  the  hook  and  through 
the  lower  head  of  the  machine  and  a  round  bar  passed  through 
the  lower  end  of  the  link  under  the  head.  This  arrangement 
left  the  hook  free  to  adjust  itself  to  the  strain  in  all 'directions. 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions, 
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6.  Some  of  the  saiii|)los  wore  caso-liardcnod  or  c;ir])onizo(L 
These  were  heated  witli  ^rainihited  raw  hone.  The  ^-incli  liooks 
were  hot  for  about  8  liours  an(]  the  IJ-inch  liook  for  about  0 
hours.  Tlio  d(^])tli  of  penetration  of  carbon,  or  tliickness  of  the 
carbonized  coatin^j;  of  the  niihl  steel  was  about  j\  of  an  inch. 

7.  Tlie  g-inch  liooks  were  all  made  from  one  bar  of  mild  steel 
and  both  l|-inch  hooks  were  made  from  one  bar. 

8.  In  the  following  table  the  word  "carbonized''  is  used  to 
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Fig.  223. 

designate   the  hooks  Avhich  Avere  treated   as  described  above. 
Those  marked  simply  '^  carbonized  "  Avere  allowed  to  cool  in  the 
box   in  which   they  Avere   heated;    those   marked   "annealed" 
were  afterAA^ard  annealed,  and  the  ones  marked  "hardened"" 
were  hardened  in  the  usual  way. 

9.  Following  are  the  more  important  data  from  the  experi- 
ments : 


Mark. 


4 

5 

3 

lA 

2A 

2A 

X 

XX 
-X 

c 

T 


Kind  of  Hook. 


Plcin 

Plain 

Plain — Carbonized  and  Hardened. ,  . 
Plain — Carbonized  and  Annealed. .  . 
I  lain — Carbonized  and  Annealed... 
2x\ — Bent  into  Slia])e  ;ind  Hardened 
Carbonized    and     Hardened — Towne's 

Shape.  Fig.  2 

Carbonized — Towne's  Shape 

Towne's  Shape — Untreated- 

Plain — Carbonized  and  Annealed. .  . 
Towne's  Sliape — Untreated 


Size 

of 

Stock. 


Bend 

Started 

at 


Inches. 


2500 
2400 
4C00 
2750 
2600 
5000 


i  I  2800 
3000 
0)00 
COOO 


Max. 

Load. 

Bent. 

Broke. 

3000 

3300 

4200 

29^0 

3200 

1 

5200 

3000 

3200 

3500 

13500 

13000 

T.  S.  of 
IJar. 


C2,150 


All  of  the  tested  hooks  were  made  in  the  shops?  and  the  vesting  was  done  in  the  laboratories  of 
Ltwis  Institute. 
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10.  Figs.  224  and  225  give  the  dimeiisions  of  the  flattened 
hooks.  These  hooks  were  made  to  conform  as  near] 3^  as  practical 
to  Towne's  formulae.  The  other  hooks,  bent  into  shape  without 
any  flattening,  had  the  same  inside  curve  as  the  flattened  hooks. 

11.  The  flattened  hooks  all  gave  way  by  compressing  the 
metal  shown  by  the  shaded  area.  This  was  easily  determined, 
as  the  scale  at  this  point  cracked  off  and  was  undisturbed  on  the 
other  parts. 

12.  All  of  the  hooks  which  failed  by  bending  stood  a  much 
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Fio.  224. 
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Fig.  225. 


higher  load  after  the  bend  started;  or,  in  other  words,  the  hooks 
would  ^  tand  a  heavier  load  after  they  were  partially  straightened 
out,  due,  probably  to  the  fact  that  as  the  hook  straightened,  the 
leverage  of  the  load  was  decreased. 

13.  The  above  data  would  seem  to  indicate  that  a  hook  made 
from  round  iron  and  carbonized,  is  about  as  strong  as  the  same 
shaped  hook  flattened  according  to  Towne's  formulae,  while  a 
plain  hook  carbonized  and  hardened  is  from  40  per  cent,  to  50 
per  cent,  stronger  than  either  of  the  other  two. 

14.  The  followir.g  may  prove  interesting  as  showing  that  ine 
untreated  hooks  stand  greater  strains  after  they  start  to  open. 
The  detail  report  of  the  test  on  hook  T  was  as  follows  :  Very 
slight  opening  at  6,000  lbs.  load;  open  scant  ^^^  of  an  inch  at 
8,000  lbs. ;   strong  -^^  of  an  inch  at  9,000  lbs. ;  jV  ^^  ^^   ^^^^ 
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at  10,000  lbs. ;  i  of  an  inch  at  11,000  lbs.;  would  not  sustain 
load  of  12,000  lbs.  any  length  of  time,  and  opene<^l  rapidly  at 
13,000  lbs. 

15.  After  the  above  test,  and  without  disturbing  the  hook- 
in  the  testing  machine,  a  load  of  13,000  lbs.  was  applied.  The 
hook  carried  this  load  without  showing  any  signs  of  further 
opening  for  about  15  days.  At  the  end  of  that  time  the  load 
was  increased  and  the  hook  straio^htened  ahnost  to  a  ri^rht  anoxic, 
after  which  it  held  a  load  of  15,500  lbs. 


DiscrssiON. 

J//'.  //.  Ji.  Towne. — The  experiments  reported  by  Mr.  Bacon 
are  an  interesting  addition  to  the  scanty  literature  on  the  sub- 
jects of  hooks,  and  especially  so  as  tending  to  settle  the  question 
of  ])reference  between  the  round  and  flattened  forms  of  cross- 
section. 

As  Mr.  Bacon  uses  the  '*  Towne  formula  ''  as  a  basis  of  com- 
parison, it  seems  ex]>edient  to  reproduce  that  fonnula  herewith. 
It  was  originally  published  in  a  '*  Treatise  on  Cranes,"  published 
by  me  in  1SS3,  and  as  therein  stated  (page  91)  the  formulae  were 
based  on  a  long  and  thorough  investigation  of  the  matter,  which 
included  numerous  tests  of  hooks  of  various'  forms  and  sizes. 
The  formuli^  thus  determined  Avere  as  follows,  the  measure- 
ments all  being  expressed  in  inches,  and  the  symbol  A  being 
used,  to  indicate  the  nominal  capacity  of  the  hook  in  tons  of 
!^,000  pounds: 


A  +  1.25 

A  -f  1.60 

A  -f    .85 

7> 

.363  A  -f    ,m 

.64:    A -f  1.60 


< . :» 


Fig.  226. 


E  =.U 
F=/SS 

(r  = 

0  = 
Q  = 

JI=1.0SA 

1  =  1.33  J. 
J  =  1.'2()A 
K=  1.13.4 
Z  =  1.05  J. 
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'i1ie  dimensions  A  are  necessarily  based  upon  tlie  ordinar}'' 
merchant  sizes  of  round  iron.  The  sizes  which  it  has  been  found 
best  to  select  are  the  following: 

Capacity  of  Hook  i,  i,  J,    1,    1^,  2,    3,  4,  5,    6,    8,  10     tons. 
Dimension  ^  .  .  .  f ,  H,  h  IfV,  H.  H,  If,  2,  2i,  2*,  2^  3i  inches. 

The  formulae  which  give  the  sections  of  the  hook  at  the  several 
points  are  all  expressed  in  terms  of  A,  and  can  therefore  readily 
be  ascertained  by  reference  to  the  foregoing  scale. 

Mr.  Bacon's  tests  indicate  that,  under  like  conditions  of  ma- 
terial, the  flattened  hook  will  carry  a  20-per-cent.  greater  load 
than  the  round  liook  before  beginning  to  open.  Eeferring  to 
hi§  table,  we  find  that  Nos.  4  and  5  (round  form)  began  to  bend 
or  open  at  a  mean  stress  of  2,450  pounds  and  ^o.  —X  ("  Towne  " 
form)  at  a  stress  of  3,000  pounds,  the  latter  being  22  per  cent, 
greater  than  the  former.  It  is  to  be  regretted  that  Mr.  Bacon 
did  not  make  more  experiments  which  would  admit  of  a  direct 
comparison  of  the  results  obtained  with  the  two  different  forms  of 
hook.  Those  which  he  reports,  sliow  clearly  that  carbonizing  and 
hardening  raise  the  elastic  limit  and  increase  the  load  required 
to  cause  the  hook  to  begin  to  open,  but  this  advantage  is  neutral- 
ized, in  my  judgment,  by  the  accompanjdng  fact  that  carboniz- 
ing and  hardening  tend  greatly  to  diminish,  or  even  to  obliterate, 
the  margin  between  the  bending  and  breaking  points. 

In  the  original  publication  above  referred  to  I  made  the  fol- 
lowing statement: 

^'Experiment  has  shown  that  hooks  made  according  to  the 
above  formulas  will  give  way  first  by  opening  of  the  jaw,  which, 
however,  will  not  occur  except  with  a  load  much  in  excess  of 
the  nominal  capacity  of  the  hook.  This  yielding  of  the  hook 
when  overloaded  becomes  a  source  of  safety,  as  it  constitutes  a 
signal  of  danger  which  cannot  easily  be  overlooked,  and  which 
must  proceed  to  a  considerable  length  before  rupture  will  occur 
and  the  load  be  dropped.  A  comparison  of  these  hooks  with 
most  of  those  in  ordinary  use  will  show  that  the  latter  are,  as 
a  rule,  badly  proportioned,  and  frequently  dangerously  weak." 

Mr.  Bacon's  tests  confirm  this  argument.  In  INo.  —X  bending 
began  at  3,000  pounds  and  the  hook  yielded  at  3,500,  a  margin 
of  16  per  cent.;  in  No.  T bending  began  at  6,000  pounds  and 
the  hook  yielded  at  13,000  pounds,  a  margin  of  116  per  cent. ; 
w^hile  in  most  of  the  other  tests,  with  carbonized  hooks,  the 
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margin  between  initial  bending  and  final  yielding  or  bnvddng  is 
only  5  to  10  per  cent.  So  far  as  they  go  theses  tests  arv,  eonclu 
sive  that  a  hook  should  not  be  made  of  high  carbon  metal,  and 
that  the  desirable  metal  is  a  ductile  one,  which  will  permit  the 
hook  to  bend  through  a  considerable  angle  before  the  danger 
point  is  reached. 

The  ^^Towne"  formula)  were  intended  to  cover  only  sizes  u]) 
to  10  tons — that  is,  those  ordinarily  made  in  large  quantities 
and  in  wdiicli  economy  of  material  is  important. 

3fr.  F.  A.  Waldron. — It  has  been  my  privilege,  for  over 
fifteen  vears,  to  have  been  connected  with  the  manufacturinir 
end  of  this  hook  proposition,  in  the  Works  of  the  Yale  &  Towne 
Manufactui'ing  Co.,  and,  after  careful  observation  of  hooks, 
made  of  different  materials  and  in  different  forms,  I  am,  at  pres- 
ent, not  onh^  theoretically  convinced,  but  practically  persuaded 
that  the  only  proper  material  from  which  hooks  can  be  made 
and  be  perfectly  reliable  is  of  a  high-grade  puddled  iron,  such  as 
Burden's  best,  and  that  the  form  should  be  in  accordance  with 
the  Towne  formula.  It  has  also  been  my  privilege,  during  the 
past  nine  years,  to  observe  the  different  uses  and  abuses  accorded 
to  hooks  in  general  use.  A  summary  of  these  observations  may 
be  of  interest  in  connection  with  Mr.  Bacon's  paper: 

1.  To  produce  a  reliable  hook  a  material  must  be  used  Avhich 
will  stand  the  abuses  of  the  average  drop-forging  process,  the 
principal  danger  in  which  is  in  the  manipulation  required  in 
pointing  and  bending. 

2.  A  hook  is  no  stronger  than  its  weakest  point;  and  while 
a  bar  of  mild  steel  may  have  a  higher  tensile  strength,  and,  fur- 
ther, a  steel  hook,  properly  made,  may  stand  from  25  to  50  per 
cent,  greater  load  than  a  wrought-iron  hook,  it  does  not  follow 
that  the  steel  hook  is  better  and  more  reliable  than  the  iron 
hook. 

3.  About  a  year  and  a  half  ago,  after  a  series  of  laboratory 
tests,  the  Yale  <k  Towne  Manufacturing  Co.,  at  my  suggestion, 
decided  to  change  from  iron  to  steel,  in  view  of  the  fact  that 
steel  costs  only  about  one-half  as  much  as  the  best  o^rades  of 
iron,  and,  further,  that  tests  of  steel  hooks  showed  so  much 
greater  strength;  therefore,  I  felt  justified  in  recommending  this 
change.  After  some  thousands  of  the  steel  hooks  had  been 
made,  however,  we  found  that  many  of  them  broke  from  crys- 
tallization while  being  manipulated  in  the  shop,  and  that  others 
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broke  on  our  block-testing  machine,  on  account  of  the  uneven- 
ness  of  the  steel  and  its  inability  to  stand  the  heat  and  manipu- 
lation under  the  drop-hammer,  all  of  these  defects  being  in- 
visible. A  large  number  of  these  steel  hooks  were  scrapped, 
and  the  steel  purchased  for  this  pur])ose  was  used  on  other 
work  where  life  and  limb  were  not  at  stake. 

4.  Since  then,  and  at  present,  all  hooks  are  made  from  high- 
grade  Avrought-iron,  and  no  further  trouble  has  been  experi- 
enced, probably  for  the  following  reasons: 

(a)  Iron  will  stand  more  abuse,  in  the  fire  and  under  the 
hammer,  than  any  steel  3^et  made. 

(h)  Defective  bars  of  iron  are  easily  detected,  either  from 
longitudinal  seams  in  the  grain,  or  from  the  opening  up  of  im- 
perfectly rolled  seams  during  the  j)rocesses  of  pointing  or 
bending. 

(c)  If  over-heated  or  under-heated,  the  surface  defects  known 
as  ^'  cold  short  "  and  '"  red  short  "  cracks  appear  in  the  bending, 
and  the  hook  is  condenmed  before  it  has  had  a  chance  to  fail 
under  actual  service. 

5.  A  further  result  of  my  experience  is  that  one  of  the  great- 
est strains  on  hooks  of  the  smaller  sizes,  say,  from  J  to  2  tons' 
capacity,  is  due  to  the  usage  which  these  hooks  receive  in  many 
shops.  Blocks  have  been  returned  to  us  with  the  hooks  opened 
out,  and,  upon  inquiry,  we  have  found  that  the  load  had  been 
lifted  by  just  catching  the  point  of  the  hook  under  the  sling 
chain  or  ropes. 

6.  Iron  hooks,  made  in  accordance  with  the  Towne  formula, 
have  been  returned  to  us  having  serious  surface  defects,  which, 
through  oversight,  had  passed  inspection  and  reached  the  cus- 
tomer. Invariably  these  hooks,  upon  their  return,  have  been 
tested  to  destruction,  and  none  of  them,  in  spite  of  these  defects, 
have  broken  at  less  than  2|^  times  the  working  load,  while  we 
have  had  several  steel  hooks  break  at  the  working  load,  without 
a  moment's  warning. 

7.  Any  treatment  given  to  a  steel  hook,  by  carbonizing,  an- 
nealing, or  case-hardening,  tends  to  aggravate  any  invisible 
defects  which  may  exist,  with  the  exception  of  crystallization. 
The  latter,  undoubtedly,  is  helped  by  proper  annealing. 

An  iron  hook  is  less  affected  than  a  steel  hook  by  any  of  the 
above  treatments,  with  the  possible  exception  of  case-hardening, 
which  tends  to  produce  a  brittleness  in  the  iron,  while  it  may 
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iiKM'oase  to  a  sli^lit  extent  its  earrvin^-  capacity.  IT,  Jiowc^ver, 
a  hook  is  made  ol'  the  proper  proportions,  tiie  sul)se(juent  anneal- 
in*^  or  carbonizin*^,  as  proved  by  actual  test,  may  show  an  in- 
crease in  the  factor  of  safety,  but  sucii  subscuiueiit  ii-catnicnts 
(excej)t  annealing)  tend  to  produce  brittleness  and  an  additional 
risk  to  the  o])erator. 


Fig.  227. 

A  is  an  end  view  of  a  steel  hook  which  broke  under  nominal  load. 

B  is  an  iron  hook  which  broke  under  2^  times  nominal  load, 
notwithstanding  the  flaw  shown  by  the  dark  area. 

The  steel  hook  snapped  off  suddenly,  and  nearly  killed  the 
operator  Avho  was  testing  it.  The  iron  hook  opened  up  grad- 
ually before  breaking. 

This  is  not  an  isolated  case,  but  is  a  sample  of  other  breakages. 

The  conclusion  I  have  reached,  therefore  (based  on  ]ny  experi- 
ence), is  that  the  best  hook  for  all-around  use,  for  reliability, 
safety,  and  to  withstand  the  abuse  to  which  hooks  are  subject, 
is  a  drop-forged  hook,  proportioned  according  to  the  Towne 
formula,  and  made  of  high-grade  wrought-iron. 

AVe  have  yet  to  learn  of  one  of  these  liooks  breaking  during 
the  manufacturing  processes,  or  developing  a  defect  which  can- 
not readilv  be  detected  before  it  leaves  the  shop,  or  failing  in 
service  under  its  normal  load. 

J/r.  G^f.s.  C.  Helming. — While  we  have  had  very  much  bet- 
ter papers  on  the  strength  of  hooks,  I  do  not  think  we  have 
ever  had  any  paper  quite  as  good  as  this  short  one  on  what  to 
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use  and  wluib  not  to  use  in  liooks.  We  (ind  liere  tluit  carbon- 
ized and  hardened  liooks  are  no  <^ood.  Tliey  stand  u[)  to  the 
load  Avithin  a  few  pounds,  and  then  snap  suddenly.  There  is 
no  material  so  little  alTected  by  heat  treatment  as  tirst-class 
wrouo'ht-iron.  There  is  no  material  worse  under  those  con- 
ditions,  when  it  is  subjected  to  varying  temperatures  and  when 
the  material  is  of  varying  dimensions,  than  steel  of  almost  any 
kind,  and  when  it  is  carbonized,  hardened  and  annealed,  nobody 
knows  what  it  may  be  when  finished.  On  the  other  hand,  test 
a  piece  of  iron  and  it  will  be  practically  known  what  that  iron 
will  be  when  it  has  been  forged,  because  it  is  changed  so  little 
by  the  treatment.  We  find  here  that  the  plain  hooks  untreated 
break  at  loads  considerably  above  the  bending  point.  That 
point  is  the  yield  point  for  that  material — nothing  else.  Now 
that  is  what  we  want  to  know.  On  the  other  hand,  the  car- 
bonized and  hardened  hooks  break  at  only  200  or  150  pounds 
above  that  load  under  which  they  begin  to  show  the  slightest 
sign  of  bending.  In  that  respect  this  paper  is  invaluable.  It 
says,  "  Never  think  of  using  a  carbonized  and  hardened  hook  or 
one  of  heat-treated  steel,"  because  the  men  who  treat  it  may 
consider  themselves  experts,  but  they  do  not  know  what  the 
hook  is  until  they  have  tested  it,  because  the  material  becomes 
different  according  to  its  thickness  from  the  point  to  the  shank; 
and  I  think  the  paper  is  invaluable  because  it  tells  you  clearly 
not  to  use  anything  but  plain,  first-qualit}^  wrought-iron  hooks. 

Mr.  A.  E.  JoJuison. — What  I  was  going  to  say  has  been  so 
f ally  covered  by  Mr.  Waldron  that  I  can  add  almost  nothing 
except  that  at  the  Yale  &  Towne  Manufacturing  Co.  we  found 
the  yielding  point  of  their  hooks  was  from  60  to  TO  per  cent,  of 
the  ultimate.  In  other  words,  the  hook  was  that  much  of  a 
safety  valve.  The  principal  thing  that  I  wanted  to  present  was 
that  in  such  machines  as  cranes  and  hoisting  devices  there  should 
be  a  safety  valve,  and  there  cannot  be  a  better  one  than  the 
hook,  made  so  that  the  opening  will  give  every  one  ample  warn- 
ino^,  because  it  is  right  before  evervones  eves. 

3[r.  Oherlin  Smith. — I  would  like  to  ask  gentlemen  who  have 
had  experience  in  designing  section  hooks  whether  the  I-beam 
section  has  been  tried,  and  why  it  has  been  abandoned,  as  it 
would  seem  evident  that  more  strength  would  be  obtained  with 
material  in  such  a  shape  than  in  the  triangular  shape. 

Mr.  Mo  George. — I  notice  quite  a  number  of  manufacturers  are 
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usiiii::  cast-sLeel  liooks.      1  would  like  to  ask  wlictlK'i-  anyone  li.is 
liad  any  experience  with  them. 

J//'.  7^  A.  Wahlroii.  —  Ke])lyin;,^  to  the  (jucstiuns  of  Messrs. 
^FcCTeorge  and  Smith,  the  cast-steel  hooks  have  been  tested  iiy 
lis,  and  we  have  found  that  tlieir  cost  is  prohibitive  and  the 
quality  was  not  any  better  than  wrought -iron.  Steel  liook  cast- 
ings have  shown  very  good  results  in  yielding,  but  we  do  not 
consider  them  reliable,  as  the  defects  are  invisible. 

In  reference  to  the  I-beam  section  for  use  on  hooks,  I  think  it 
mi<iht  be  somewhat  lio-hter  in  weiHit  for  the  same  stren<^th,  bui 
the  manipulation  in  manufacturing  would  not  be  as  simple  as  for 
the  present  form,  and  it  might  further,  in  shops  where  ropes  were 
used  as  slings,  tend  to  fray  the  rope  where  it  came  in  contact 
with  the  sharp  edges. 

2li\  lltnuiiuj. — Tests  have  been  made  on  such  hooks  by  Pro- 
fessor Yon  Bach,  and  he  has  determined  that  the  differences  in 
the  quality  of  the  material  are  the  essential  difficulties,  because 
the  metal  is  of  different  thickness  at  all  points.  The  treatment 
is  always  an  unknown  quantity.  The  edges  are  not  of  a  large 
radius,  but  must  have  sharp  corners.  In  regard  to  the  casting.-, 
the  hooks  are  always  of  such  small  dimensions  that  it  cannot  be 
furnished  without  blowholes  or  cavities.  At  present  I  think  it 
is  unsafe  to  use  cast-steel  hooks. 

Mr.  J.  L.  Bacon.'^' — I  thank  the  gentlemen  who  have  added 
such  valuable  matter  to  the  paper  under  discussion.  As  indi- 
cated by  the  title,  the  paper  was  presented  merely  as  data  on  an 
interesting  subject. 

I  know  that  Mr.  Towne  and  Mr.  AValdron  must  have  had 
vastly  inore  experience  with  hooks  than  I  ever  expect  to  have, 
and  I  would  not  gainsay  any  of  their  opinions.  I  do,  however, 
take  issue  with  Mr.  AValdron  on  one  point.  He  makes  the  state- 
ment that  "iron  will  stand  more  abuse,  in  the  fire  and  under 
the  hammer,  than  any  steel  yet  made.'' 

Iron  will  stand  more  abuse  in  the  fire  than  steel,  but  unless 
you  compare  an  exceptionally  fine  grade  of  iron  with  a  poor 
grade  of  steel,  I  think  the  advantage  is  with  the  steel,  when  it 
comes  to  abuse  under  the  hammer.  It  is  taken  for  granted  that 
Mr.  AValdron  is  speaking  of  low  carbon,  mild,  or  soft  steel. 

It  is  not  uncommon  to  see  a  blacksmith  use  a  bar  of  iron  by 
mistake  for  a  bar  of   mild  steel  when  makinof  a  foro:ino:.     He 

*  Author's  Closure  under  the  Rul«s. 
73 
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works  the  bar  as  lie  would  a  bai*  of  stoel,  and  his  remarks  when 
ho  sees  the  result,  while  v^ery  interesting,  would  hardly  make 
a  dignified  appearance  in  the  TrauHadions. 

Wrought  ii'on,  from  its  nature,  has  minute  slag  seams  run- 
ning all  through  it,  while  steel,  if  ])roperly  made,  should  be 
homogeneous.  Each  of  the  seams  in  the  iron  is  a  source  of 
weakness,  and  is  liable  to  sta,rt  a  crack  when  hanmiered.  Steel 
not  having  tliese  seams  does  not  I'un  this  risk  of  splitting. 

What  seems  to  be  the  principle  obstacle  to  the  use  of  mild 
steel  is  carelessness  in  selection.  When  a  man  wants  steel  for 
ordinary  forging,  he  is  content  to  order  ''mild"  or  "soft" 
steel  and  let  it  go  at  that,  and  yet  the  same  man  would  not  think 
of  ordering  ''tool"  steel  Avithout  specifying  in  some  way  the 
quality  of  temper. 

1^0 w^,  one  bar  of  "mild"  steel  may  be  a  tough,  low  carbon, 
even  steel  that  Avill  stand  any  amount  of  hammering  and  abuse, 
and  the  next  bar  will  be  so  high  in  carbon  that  it  will  snap  off 
like  tool  steel. 

I  plead  for  a  more  careful  grading  of  the  much  abused  "  mild  " 
bar  steel. 

All  the  hooks  mentioned  in  the  paper  were  made  of  steel.  A 
few  iron  hooks  were  tested,  but  the  results  are  not  given. 
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IVo.  993.* 

STRAINS    PRODUCED    BY   EXCESSIVE     TIGHTEN  IN  Li 

OF  NUTS.\ 

BY   A.  BEMENT,  CHICAGO,  ILL. 

(Member  of  the  Society.y 

1.  In  the  design  of  machinery,  ultimate  strength,  elastic  limit 
and  deflection  of  parts  usually  receive  careful  attention;  but  with 
}3re vailing  practice  and  methods  of  erecting  machinery  in  final 
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Fig.  228. 


place,  there  is  but  little  assurance  that  damage  may  not  be  caused 
by  ignorance  or  carelessness  on  the  part  of  the  erecting  crew, 
owing  to  excessive  tightening  of  nuts  and  screws,  which  may, 
and  often  does,  result  in  straining  bolts  and  parts  beyond  their 
elastic  limit.  There  appears  to  be  no  rule  in  general  use  for  the 
guidance  of  the  men  who  perform  the  work  of  machinery  erec- 
tion, and  it  seems  usually  to  be  their  desire  to  make  things  as 
tight  as  possible.  The  natural  result  is  that  elastic  limits  are 
often  exceeded  or  that  breakages  may  even  occur. 

2.  The  accompanying  figure  represents  one  end  of  a  cylinder 
of  a  vertical  Corliss  engine,  with  the  valves  located  in  the  cylin- 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows  : 
Xo.  450,  vol.  xii.,  p.  781  :  "  Some  Experiments  with  a  Screw  Bolt."     James 
McEride. 
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(lei-  liojul.  With  this  example  the  nuts  of  the  studs,  liolding  the 
head  to  the  thmg-e,  were  screwed  u\)  so  tiglit  that  it  resulted  in 
over-strain  finding  relief  in  a  crack,  which  developed  in  the  wall 
of  the  cylinder  just  under  tlie  ilange,  as  shown  at  A.  A  tongue 
on  the  head  fitted  into  a  groove  in  the  face  of  tlie  cylinder 
flange;  packing  for  nudving  the  joint  was  compressed  in  this 
groove  by  tlie  ])ressure  exerted  by  the  tongue;  when  the  pack- 
ing w^as  fully  compressed,  further  strain  owing  to  over-tighten- 
ing of  the  bolts  resulted  in  the  fracture  at  A,  w^hich  manifested 
itself  some  weeks  after  the  joint  had  been  made  up.  The  crack 
extended  part  way  around  the  cylinder,  but  did  not  result  in 
entire  rupture.  It  appears  that  when  sufficient  relief  had  been 
secured  that  the  crack  ceased  to  extend  notwithstanding  the 
presence  of  the  steam  pressure. 

Other  examples  could  be  given  showing  the  result  of  over- 
straining of  bolts  and  parts  of  machinery,  but  this  will  serve 
the  purpose. 

It  is  the  hope  that  this  brief  paper  may  serve  to  call  attention 
to  a  matter  w^hich  is  probably  more  serious  than  is  generally 
realized. 

DISCUSSION. 

Mr.  Oherlin  Smith. — The  obvious  w^ay  in  erecting  standard 
machinery  would  be  to  have  the  wrenches  of  a  good  length  and  do 
the  final  tightening  either  with  a  weight  or  spring  pressure,  or  by 
the  hardest  pull  a  man  could  give.  Of  course,  wdth  ordinary  men, 
the  maximum  could  be  found  in  all  cases.  Certain  men  w^hose 
personal  equation  was  known  could  be  put  at  pulling  and  practical 
trouble  woidd  be  at  an  end.  It  is  desirable  that  there  should  be 
a  systematic  way  of  doing  this  tightening  up,  as  the  evil  pointed 
out  in  the  paper  is  quite  apt  to  occur  when  least  expected.  Before 
determining  just  the  moment  that  shoidd  be  exerted  at  the  end 
of  the  wrench,  more  should  be  known  about  w^hat  pressure  can 
be  put  on  a  nut.  Of  course,  we  cannot  calculate  it  simply  by  the 
pitch  of  the  screw^  and  the  yield-point  of  the  metal,  etc.,  because 
the  friction  of  nuts  varies  so  much.  I  think  great  attention 
should  be  paid  to  determining  the  nut  friction,  due  to  certain 
kinds  of  faces  on  the  nut  and  its  size  and  shape.  This  could  all 
be  determined  by  simple  experiments,  and  the  other  matter  of 
wrench  length,  certainly  important,  should  be  paid  attention  to. 
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J//'.  J'/((/  J'  \  Jlil/t/'. —  1  hi-  i'lca  ol  liavin;^  a  length  ol"  wrench 
juhipted  to  vwvy  size  of  nut  hxjks  very  \V(  11  at  first  jilancc;  that 
is,  that  Nvi'  can  (Kcidc  Imw  much  pull  a  man  can  exert,  and  tlien 
proportion  liie  leniilh  »d"  tiie  w n  nch  so  that  he  can  ju>l  tighten 
the  nut  to  the  exact  point  contenij)lated  bv  the  designer.  Hut  the 
way  that  works  out  in  practice  is  tliat  a  man  wlio  handles  suclf 
wrenches  nni>t  exert  his  maximum  strength  on  every  nut.  lie 
has  to  tighten  every  nut  bv  u>ing  the  maximum  force  that  he  can 
exert;  the  men  soon  tire  of  that  and  will  get  a  })ieee  of  gas  yniw 
and  put  it  on  the  wrench.  Yon  cannot  get  along  without  the  per- 
sonal eqnation.  You  have  got  to  have  men  who  know  by  their 
own  judgment  when  the  nnt  is  tight  enough,  or  you  must  instruct 
them.  For  instance,  tak(^  two  bolts  of  the  same  size;  they  should 
manifestly  be  tightened  to  the  same  stress,  and  if  we  adopt  this 
idea  of  the  pro])er  length  of  wrench  then  the  same  force  will  be 
applied  to  each;  but  in  some  cases  I  am  satisfied -that  w4th  the 
same  force  applied  to  the  wrench  one  bolt  may  be  stressed  four 
times  as  much  as  the  other.  So  much  depends  upon  the  fit  of  the 
thread  in  the  nut,  the  frictional  resistance  in  the  thread,  and  of 
the  face  of  the  nut  on  the  surface  on  which  it  rests.  A  skilled 
man  can  tell  by  the  ''  feel  "  of  the  wrench  whether  the  force  is 
being  used  in  one  way  or  another;  I  can,  and  I  think  anybody 
accustomed  to  it  can  tell  whether  the  force  is  being  applied  to 
tightening  the  bolt  or  is  being  used  up  in  frictional  resistance. 

21  r.  Gus.  C.  Ilenning. — This  author  is  not  speaking  of  stresses, 
but  of  strains.  He  does  not  speak  of  the  sti-ength  of  the  material. 
He  is  speaking  about  the  elastic  limit,  which  he  uses  instead  of  the 
term  yield-point.  In  a  boiler  we  do  not  care  how  strong  the  mate- 
rial is  as  long  as  we  know  that  it  will  not  yield  under  the  loads. 
Prof.  Bach,  our  authority,  has  written  a  paper  on  his  investiga- 
tions on  the  same  thing.  He  has  determined  the  stresses  and  the 
strain,  and  he  has  given  many  instances  of  ruptures  of  that  sort. 
The  wav  to  avoid  this — but  it  co^ts  a  little  more  monev — is  to  use 
a  lot  of  little  bolts.  It  is  Avhen  you  use  few^  bolts  and  the  material 
begins  to  bend  between  the  bolts  that  you  cannot  get  it  tight  and 
then  you  will  give  an  extra  pull  on  the  wrench  which  will  cause 
the  trouble.  It  is  not  because  of  the  stress,  but  because  of  the 
strain.  This  gentleman  is  quite  right  in  talking  of  strains  and 
stresses.     Simply  use  more  bolts,  and  you  will  not  have  trouble. 

Mr.  Mc George. — ^^lay  I  give  you  some  personal  reminiscences. 
When  I  was  a  young  man  we  had  an  agent  who  supplied  machin- 
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(TV  in  Java,  and  he  insisted  that  no  bolts  smaller  than  y-inch 
.-honld  go  in.  The  reason  wiis  this;  Ik;  said  yon  get  a  nigger  on  the 
(  nd  of  the  wrench  and  he  will  break  every  bolt  that  you  put  in 
smaller  than  that. 

Mr,  Ilenning. — I  want  to  point  out  that  that  is  one  safety 
factor.  The  breaking  of  a  f-inch  bolt  will  not  hurt  anything 
at  all,  and  you  cannot  crack  the  tank  in  the  way  it  is  shown  here. 
That  builder  should  have  used  -|-inch  bolts  and  let  the  nigger 
b^eak  them  as  often  as  he  wanted  to.  Which  costs  more — 144 
bolts  or  one  tank? 

Mr.  C rane.-—\\  e  might  contrive  to  make  a  wrench  with  two 
pieces,  and  have  a  scale  registering  the  strength  and  let  it  tip  up 
automatically  when  the  strength  required  was  reached. 

Mr.  A.  E.  Johnson. — As  to  the  question  of  ''  many  small  bolts  '' 
versus  ^^  fewer  large  ones,''  it  would  seem  that  work  such  as 
flanges  bolted  together  needed  the  first  arrangement  as  a  safety- 
valve  to  save  flanges,  wdiile  large  parts  of  heavy  frames,  such 
as  planer  posts  or  riveter  frames  can  be  better  and  cheaper  fas- 
tened by  the  latter  arrangement.  We  believe  in  always  using 
the  largest  bolts  practical  to  be  tightened  by  the  longest  practical 
wrenches,  e.g.,  in  the  case  of  a  band  tightened  frictionally  around 
some  other  part,  the  pinching  bolt  should  of  course  have  about 
the  same  area  as  the  rest  of  the  band — although  we  have  seen 
cases  where  such  bolts  had  less  than  one  tenth  this  area.  In  ar- 
ranging the  framing  for  the  12-inch  disappearing  carriages  we 
desired  to  place  our  2-inch  bolts  as  near  together  as  possible  and 
have  the  fork  wrench  to  be  used  clear  the  corner  of  the  adjacent 
heads,  but  found  no  data  in  the  w"rench  catalogues  enabling  us 
to  determine  this  distance  with  certainty.  If  these  manufacturers 
would  add  a  column  in  tables  of  standard  w^renches,  stating  against 
each  end  of  eacli  drop  forging  just  how  near  the  largest  bolts  for 
which  this  end  is  milled  could  be  spaced,  it  would  help  us  on  such 
occasions. 

Mr.  Saunders. — I  have  found  that  bolts  very  often  strained  to 
almost  the  breaking  point  are  allowed  to  go  out  that  way  and 
break  when  they  go  into  service.  We  have  had  some  trouble  with 
them,  in  fact,  more  than  anywhere  else. 

Mr.  Oheiiin  Smith. — I  have  found  that  one  of  the  worst  evils 
with  the  men  is  that  you  cannot  govern  them  as  to  how  hard  they 
will  strike  the  wrenches.  Mr.  Miller  has  said  that  the  only  remedy 
is  to  have  a  man  who  know^s  how  hard  to  pull.     I  suppose  most 
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of  till'  iiini  in  this  room  know  li<»\v  li;ir<l  to  j»iill,  ;iii<l  I  do  not, 
suppose  nnv  o1"  ns  would  brcnk  jinvtiiinii,  hul  when  we  iirc  jiway 
the  workmen  will  d(>  it  <uj  the  sjv,  and  use  aaspipc  <»r  anvthinf^ 
else.  In  general  maehine  woi'k  the  pi'«»lihni  is  a  diilieult  one. 
Ihit  I  was  speaking  of  a  standardizecj  machine  where  i-outine  woik 
can  be  done  over  and  over;  the  men  can  he  tau<;ht  to  use  the 
proper  tools.  It  nuiy  be  that  a  special  w'ei<!,hin<^  wrench,  as  sug- 
jT^ested  by  one  of  the  speakers,  would  be  a  i»<)od  thin<i^. 

J/y.  TIenning. — ^fv  statements  were  bas(Ml  ujxm  my  experience 
whin  I  was  the  foreman  of  a  machine  shop  and  boiler  works  in 
Baltimore,  where  we  were  having  considerable  trouble  of  this 
sort.  They  were  using  flat  heads  1|-  inches  thick,  and  1-inch  bolts, 
and  every  other  week  one  would  break.  I  simply  iised  a  thinner 
material  and  nothing  larger  than  f-inch  bolts,  and  thereafter  we 
never  had  one  come  back 'broken.  The  flange  was  cast  iron,  and 
nobody  ever  pulled  very  hard.  From  that  time  oh  we  never  had 
any  more  trouble. 

One  very  important  feature  of  this  discussion  has  been  over- 
looked, and  that  is  the  question  of  spot  facing.  At  the  present 
time  a  deplorable  condition  exists  in  the  commercial  articles,  due 
to  the  fact  that  spot  facing  in  a  great  many  cases,  is  neglected.  I 
have  seen  bolts  loosen  up  in  the  rims  and  hubs  of  fly  wheels  and 
driving  pulleys,  due  to  the  fact  that  the  bolts  were  set  against  tha 
rough  surface  of  the  casting  and  there  Avas  absolutely  no  parallel- 
ism between  the  faces  of  the  nut  and  the  head  of  the  bolt.  This 
also  exists  on  extra  heavy  steam  pipe  work,  and  in  order  to  insure 
the  best  results  the  back  as  well  as  the  face  of  the  flan2:e  should  be 
spot  faced  or  trued  off.  The  unevenness  of  these  surfaces  tend  to 
produce  greater  strains  in  the  bolt  tlian  any  other  single  cause. 

Mr.  Sweeney. — The  remark  of  the  last  speaker  is  true  but  it 
applies  more  to  the  effect  on  the  bolt  than  it  does  to  the  flange. 
After  some  experience  in  these  matters,  the  form  of  the  joint 
in  this  paper  appeals  to  us  as  one  in  which  ])robably  the  bolts 
were  too  strong.  Where  the  surface  of  the  flanges  fit  up  solid, 
it  brings  in  a  different  condition  from  that  where  the  flange  over- 
hangs the  joint,  as  it  does  in  the  illustration.  Usually  people  put 
too  many  bolts  in  such  a  joint  and  when  the  personal  equation 
comes  in  to  screw  it  up,  if  the  man  cannot  find  a  piece  of  gas  pipe 
lie  usually  makes  it  convenient  to  sit  down,  brace  his  feet  against 
something  which  ofiers  resistence,  v\iiich  is  another  way  of  arriv- 
ing at  the  gas  pipe  effect,  and  breaking  things. 
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1  ii;i\('  found  it  imicli  llin  safer  plan  to  put  in  bolts  which  would 
break  before  the  casting  would  break,  in  a  joint  of  this  construc- 
tion. 

Mr.  llenning. — That  is  because  a  big  bolt  is  so  far  away  from 
the  flange  that  you  can  get  a  big  wrench  on  it. 

Mr.  A.  Bement.'^ — The  cylinder  in  question  is  38  inches  in  diam- 
eter, studs  1.5  inches  in  diameter,  spaced  5  inches  between  centers. 
AVall  of  cylinder  2  inches  thick;  thickness  of  flange,  2.25  inches. 

Another  engine  of  the  same  design  erected  by  the  same  maker 
soon  after  the  one  mentioned,  also  gave  trouble.  Its  cylinder 
diameter  is  46  inches.  Diameter  of  studs  1.5,  spaced  5  inches  be- 
tween centers.  Thickness  of  cylinder  wall  2.25  inches,  and  thick- 
ness of  flange  2.5  inches.  With  this  cylinder,  overstrain  found  re- 
lief by  springing  the  head;  throwing  the  valve  chambers  out  of 
line,  which  resulted  in  the  valves  stickin'g,  breaking  of  valve  arms, 
etc.  This  condition  was  followed  by  some  of  the  studs  breaking, 
but  the  castings  did  not  rupture.  This  would  indicate  that  the 
smaller  cylinder  wall  was  the  weakest  point,  while  with  the  large 
one,  the  studs  were  the  weaker  feature. 

Between  breaking  a  cylinder  or  the  studs,  the  latter  is,  of 
course,  to  be  preferred,  but  a  cylinder  head  joint  with  broken 
studs  is  not  a  desirable  condition.  As  much  damage  may  bo 
caused  by  the  breaking  of  a  bolt  as  by  failure  of  a  casting,  for 
example — excessive  strain  in  setting  up  follower  bolts  caused  one 
of  them  to  break,  and  part  of  the  bolt  leaving  its  position  while 
the  engine  was  in  motion  resulted  in  knocking  off  not  only  the 
head,  but  the  top  of  the  cylinder. 

There  is  danger  in  small  bolts,  because  a  man  is  liable  to  exert 
his  whole  strength  in  tightening,  regardless  of  their  size;  or  use 
a  hammer  on  the  wrench.  With  the  cylinder  head  joint,  least 
opportunity  for  damage  might  exist  with  small  bolts;  but  with 
the  joint  between  follower  and  piston,  with  metal  to  metal,  liberal 
strength  in  the  bolts  would  be  on  the  side  of  safety. 

It  would  be  desirable  to  have  some  means  of  determining  when 
the  proper  tension  on  a  bolt  was  secured,  but  this  is  a  difficult 
proposition.  In  the  absence  of  such  means,  it  is  altogether  prob- 
able that  much  damage  could  readily  be  avoided  by  the  exercise 
of  a  little  judgment. 

Such  troubles  are  probably  the  outgrowth  of  a  feeling  that 
when  a  machine  is  designed  and  made  in  the  shop,  that  the  en- 

*  Authors'  Closure,  under  the  Rules. 
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LiiiKt  riiiii'  work  is  about  done,  and  lliat  ils  (Tccliun  is  rallicr 
a  labor  than  an  ciigiiu'crinii'  problem.  The  result  is  that  tin*  forc- 
iiiau,  instead  of  sui)C'rint' iidin_u'  llic  .-cttinu  up  <d'  uiils  and  bolls, 
is  often  at  rest  in  an  easy  chair  suiokin,i»'  a  cii»:ar,  while  the  men 
are  ligliteniui;'  their  hibor  wilii  a  sledge  hammer  an<l  wilh  no  idea 
Avhethcr  thev  are  over^trainiiiij;'  bolts  or  not.  And  if  there  is 
trouble,  the  blame  is  nsnally  laid  on  the  mechanics  or  laborers 
whom  no  one  expects  to  possess  any  large  degree  of  engineering 
judgment. 

It  should  be  said  in 'the  case  of  the  two  engines  mentioned, 
that  when  the  owners'  engineers  remade  the  joints,  that  troubles 
ceased. 
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THE  HOT   WELL  AS  AN  OIL  EXTRACTOR.^ 

BT   A.    H.    ELDREDGE,    SO.    ST.   JOSElja,    MO. 

(Member  of  the  Society.) 

1.  Figs.  229  and  230  give  the  plan  and  cross-section  of  a  hot- 
well  that  has  been  in  successful  operation  during  the  past  year. 

The  well  is  divided  into  three  parts. 

A  the  common  discharge  side  for  the  steam  condensers. 

B  the  discharge  side  for  one  steam  condenser. 

G  the  hot  side,  or  pump  side. 

2.  The  operation  of  the  well  is  as  follows:  The  bulk  of  the 
condensing  water  enters  at  A  and  overflows,  to  a  cistern,  at  D. 
The  water  from  a  single  jet  condenser  enters  B.  The  water 
from  this  condenser  comes  from  an  engine  that  runs  continu- 
ously nearly  the  entire  year.  Its  temperature  is  kept  between 
125  degrees  and  160  degrees  Fahr.  to  favor  the  boiler  feed  teni- 
])eratures,  although  at  the  expense  of  the  vacuum,  which  runs 
from  20  inches  to  24  inches. 

The  higher  temperature  also  saves  condensing  water. 

There  are  two  outlets  from  B^  one  an  underflow  at  ^into  C^ 
and  one  an  overflow  at  i^into  A.  The  overfloAV  at  i^ is  3  inches 
lower  than  the  one  at  D  to  insure  a  free  passage  in  and  out 
oiB. 

3.  The  hot  side,  or  pump  suction  side  G  is  supplied  from  B 
through  E.  The  temperature  of  this  water  is  increased  by  re- 
turning to  it,  so  far  as  possible,  all  steam  drips,  and  pump,  or 
other  exhausts,  raising  its  temperature  to  from  160  degrees  to 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

t  For  further  discussion  on  Oil  Extraction  consult  Transactions  as  follows : 
No.  678.  vol.  xA-ii.,  p.  295:    "Oil  Extraction." 
No.  678,  A'ol.  x\di.,  p.  297:  "  Oil  Filtration." 
No.  810,  vol.  XX.,  p.. 489:  "  Test  of  Oil  Separators."     F.  L.  Emory. 
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180  degrees  Fahr.  This  gives  a  good  start  for  a  desirable  feed 
water  temperature,  and  at  tlie  same  time  saves  many  traps, 
togetlier  with  their  accompanying  troubles  and  expense,  insur- 
ing the  return  of  the  various  drips  with  their  British  thermal 
units  to  the  boilers. 

The  only  outlet  from  C  is  tli rough  the  ])ump  suction,  and  only 
such  wMter  enters  6'as  is  sufficient  to  supply  the  ])uinp. 

Should  the  water  at  any  time  be  cut  oif  from  i?,  then  the  sup- 
ply would  come  automatically  from  A  through  F. 
,   The  hot- w^ ell  is  provided  wnth  drain  pipes  in  A  and  O  for  clean- 
out  purposes. 

Its  Action  as  a7i  Oil  Separator. 

4.  The  Avater  enters  j5  at  a  comparatively  high  temperature, 
and  any  oil  in  the  water  will  rise  rapidly  to  the  surface,  while 
the  oil  from  but  one  condenser  is  all  that  has  to  be  taken  care  of. 
At  the  same  time  the  flow"  of  the  wMter  from  i?  to  (7  is  very  slow, 
giving  ample  time  for  the  oil  to  rise  to  the  surface  and  pass  ofiF 
through  the  overflow  F. 

5.  Over  8,000  horse-power  of  boilers,  at  one  of  Swift  &  Com- 
pany's plant,  are  fed  from  this  hot-w^ell,  and  no  sign  of  oil  has 
been  found  in  any  of  the  boilers  or  their  connections. 

The  water  from  C  has  also  been  chemically  analyzed  a  number 
of  times,  and  but  the  slightest  trace  of  oil  has  ever  been  found. 
The  trace  found  w^as  undoubtedlv  due  to  the  oil  comine^  in 
through  a  pump  exhaust,  and  has  in  no  way  affected  the  practi- 
cal workins:  of  the  hot-well. 


DISCUSSION. 

Mr.  A.  A.  Gary. — This  method  of  eliminating  oil  from  water 
condensed  from  exhaust  steam,  described  bv  Mr.  Eldredire,  is 
one  with  which  I  have  experimented,  but  only  a  fair  degree 
of  success. 

My  experiments  were  made  a  number  of  years  ago,  and  I  de- 
scribed the  hot- well  I  used  in  the  May,  1S97,  number  of  the 
Fnghieenng  Magazine. 

In  this  hot- well,  I  constructed  only  two  compartments,  or 
the  apparatus  might  be  considered  as  one  large  rectangular  brick 
tank,  with  a  dividing  wall  running  across  its  centre  as  shown  in 


1148 


THE    HOT    WELL   AS    AN    OIL    EXTKACTOK. 


Fig.  2))1,  wliicli  presents  a  plan-view  and  a  vertical  cross-sec- 
tional view  of  the  device. 

By  referring  to  these  views,  it  will  be  seen  that  the  oil-laden 
Avater  from  the  condenser  is  introduced  into  the  first  compart- 
ment til  rough  the  pipe  A, 

As  the  water  is  discharged  from  this  pipe,  it  strikes  the  top  of 
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Fig.  231. 


a  cone,  ^,  which  prevents  the  flowing  stream  from  impinging 
forcibly  upon  the  surface  of  the  water  in  the  tank,  and  causes  it 
to  flow  down  the  sides  of  this  cone  on  to  the  upper  surface. 

As  the  solid  wall  dividing  this  tank  into  parts  has  its  only 
openings  (into  the  other  half  of  this  tank)  near  its  bottom,  the 
water  must  flow  from  the  first  compartment  into  the  second 
compartment  through  these  lower  orifices. 


TiiK  iioi   w  i:ll  as  an  oil  kxtkactok.  114i> 

Tlio  j)urp()se  of  this  ari-aii'^eineiit  is  to  allow  the  oil  contaim  tl 
in  the  watiM'  in  the  lirst  coinpartiiient  to  lloat  to  its  surface, 
while  the  watcM*  iVoiu  wliich  it  lias  separated  descends  to  the  bot- 
tom of  the  taidv  and  I  hen  ])!isscs  into  the  secontl  coiiipartmeiit. 

A  second  pipe,  //,  having  a  cock  with  a  hall-lloat  on  its  end, 
admits  water  from  the  city  sn])p]y  (wlien  needed)  to  keep  the 
level  of  the  surface  of  this  water  slig-htly  above  the  overflow 
outlets,  D,  wliicli  are  connected  to  an  outside  sewer-])ipe,  h\ 
which  in  turn  coiulucts  the  troublesome  oil  away  from  the  tank. 

Experiment  proved  that  notwithstanding  tliis  arrangement  to 
separate  the  oil  from  the  Avi^ter  in  the  first  compartment,  a  cer- 
tain amount  of  oil  passed  into  the  second  compartment,  and  in 
order  to  get  rid  of  this  oil  as  it  floated  to  the  surface,  a  second 
system  of  overflow  pipes  had  to  be  arranged  as  shown  at  7%  and 
these  overflows  were  connected  into  the  second  sewer-pipe  G. 

The  feed- water  for  the  boiler  was  taken  from  this  second  com- 
partment through  the  suction-pipe,  77,  which  was  provided  with 
a  strainer  Zat  its  lower  end. 

Probably  the  most  difficult  condition  found  in  oil-charged 
water,  when  we  desire  to  separate  the  oil,  is  when  the  oil  exists 
in  an  emulsified  form.  It  is  very  well  known  that  oil  and  water 
will  not  mix  directly,  but  we  know  equally  well  that  oil  will 
spread  itself  over  the  surface  of  the  water,  and  a  thin  him  will 
cling  to  this  surface  most  tenaciously. 

When  water  is  broken  up  into  a  large  number  of  little  globules 
(such  as  small  rain  drops,  or  the  spray  from  a  hose),  and  when 
oil  is  present  in  the  water  at  the  time  of  its  sub-division,  this  oil 
is  apt  to  coat  the  surface  of  each  one  of  these  little  globules  (like 
the  skin  which  covers  an  orange)  and  retain  its  position  there 
after  the  water  falls  back  into  a  solid  mass,  and  then  we  have 
an  oil  emulsion  such  as  I  have  referred  to,  and  a  microscope, 
]5roperly  manipulated,  will  show  this  condition  as  existing. 

When  oil  exists  in  water  in  this  form,  it  is  no  easy  problem  to 
separate  it  by  ordinary  commercial  means,  and  its  separation  by 
any  method  of  flotation  is  entirely  out  of  the  question.  It  was 
this  fact  that  led  me  to  place  a  cone  directly  beneath  the  dis- 
charge-pipe from  the  condenser. 

Experiment  in  this  case  taught  me  that  by  allowing  the  Avater 
to  fall  from  a  distance  and  strike  the  surface  of  the  water,  the 
falling  water  was  split  u]\.  aiul  a  churning  action  occurred  in  the 
tank,  which  resulted  in  an  eumlsion  of  the  oil  and  water.     Sub- 
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merging  the  end  of  the  discharge-pipe  in  the  water  helped  mat- 
ters somewhat,  but  caused  a  churning  action,  so  I  finally  placed 
the  cone  directly  beneath  the  discharge  outlet,  which  caused  the 
water  to  slide  gently  downi  the  incline  onto  tlie  surface  of  the 
water  (the  lower  end  of  the  cone  being  entirel}^  submerged),  and 
this  allowed  much  of  the  oil  to  float  itself  upon  the  upper  sur- 
face of  the  water,  from  whence  it  was  discharged  through  th(i 
sewer  openings. 

Mr.  Eldredge.'^ — The  suggestion  of  tlie  sliding  plane,  as  out- 
lined by  Mr.  Cary,  could  be  easily  used  in  connection  with  the 
hot-well  as  presented  by  the  author. 

That  the  hot-well  as  presented  worked  satisfactorily  with  the 
Western  or  Missouri  Yalley  water,  there  is  no  doubt.  Possibly 
with  Eastern  waters,  where  there  is  less  scale-forming  matter, 
the  small  amount  of  oil  which  might  be  carried  over  from  the 
hot-well  would  cause  trouble.  It  would  be  interesting  to  know 
the  result  of  experiments  along  this  line  in  the  East. 

*  Author's  Closure,  under  the  Rules. 
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POSITIVE  GOVERNOR  DRIVES  FOR    CORLISS 

ENGINES.^ 

BY  A.   U.  ELUREDUE,   SO.   ST.   JOSEPH,    MO. 

(Member  of  the  Society.) 

1.  While  visiting  a  Corliss  engine  works  recently,  the  pro- 
prietor, a  member  of  the  A.  S.  M.  E.,  asked  the  writer  for  any 
information  he  might  have  on  positive  governor  drives  for 
Corliss  engines.     Hence  this  paper. 

In  MacMiiery^  March,  1899,  was  an  article  by  the  Avriter  on 
"The  Corliss  Governor  and  Fly  Wheel  Accidents,"  in  which 
was  tabulated  some  of  the  Corliss  engine  accidents  that  had 
occurred,  attributable  to  the  governor  belt.  At  the  same  time 
it  was  recommended  that  belts  be  replaced  by  positive  drives. 
Since  then  he  has  equipped  three  large  poAver  engines  and  two 
large  ice  machines  with  positive  drives  with,  gratifying  results. 

Power  Engine  Drives. 

2.  The  engines  were  cross-compound  condensing  engines,  fitted 
with  rope  drives,  and  driving  three  two-phase  alternating  cur- 
rent generators.  The  sizes  of  the  engines  and  generators  were 
as  follows: 

1—14  and  26x36  driving  1—180  K.  W.  Generator 
1—16  and  30x36      ''       1— 240  K.  W. 
1—21  and  40x42      "       1— 500  K.  W. 

The  engine  speed  was  90  revolutions  per  minute.  The  genera- 
tors are  so  arranged  that  any  two  or  all  three  can  be  run  in 
parallel. 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Transactions. 

t  For  further  discussion  on  Governors  consult  Transactions  as  follows: 
No.  409,  vol.  xi.,  p.  1081 :  "  A  Governor  for  Steam  Engines."     Jesse  M.  Smith. 
No.  640,  vol.  xvi.,  p.  729:  "  A  New  Shaft  Governor."     E.  J.  Armstrong. 
No.  714,  vol.  xviii.,  p.  290:  "  Steam-Engine  Governors."     F.  H.  Ball. 
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3.  Before  ])utting  on  the  positive  drive  the  governor  belts  were  a 
continual  source  of  trouble  and  anxiety.  It  was  impossible  to  keep 
tlie  oil  from  the  belts.  New  belts,  endless  belts,  oil  flanges,  etc. , 
were  things  of  a  day.  It  was  difficult  to  cut  two  generators  in  to- 
gether, and  still  more  so  to  cut  three  generators  in  together,  while 
it  was  no  uncommon  thing  for  the  circuit  breakers  to  fly  out  due 
to  poor  engine  regulation.  This  trouble  has  ceased  since  the  posi- 
tive governor  drives  were  installed.  The  generators  can  be  easily 
and  quickly  cut  in  together,  Avhile  they  adjust  themselves  much 
more  quickly  to  their  proportionate  load.  The  engineers  and 
oilers  appreciate  fully  the  improved  working  conditions  of  the 
engines  and  generators.  The  gears  are  cut  steel  gears  and  run 
very  quietly.  The  only  trouble  experienced  in  over  a  year's  run 
was  on  the  large  engine.  There  was  no  floor  stand  at  A,  Fig.  232. 
This  allowed  considerable  spring  between  these  gears  so  that  the 
pitch  circle  did  not  remain  constant.  It  was  first  greater  and 
then  smaller  with  each  revolution  of  the  shaft.  This  kept  the 
governor  dancing  in  unison  with  the  revolutions  of  the  engine, 
first  up  then  down  about  j\  of  an  inch  on  the  governor  spindle. 
A  good  floor  stand  and  bearing  was  put  in  at  A,  Fig.  232,  since 
which  the  governor  runs  steadily,  changing  only  with  the  load. 

Ice  Machine  Drwes. 

4.  Two  Ball  ice  machines,  with  cross-compound  steam  cylinders 
26  inches  and  50  inches  x  48  inches,  and  two  compressor  cylin- 
ders each  21  inches  x  48  inches,  have  been  fitted  with  cut  steel 
sprockets  and  "Morse  Kocker  Joint"  chain.  Here  again  there 
was  always  trouble  w^ith  an  oily,  slack  governor  belt.  Since  the 
chain  drives  were  substituted  for  the  belt  drives  the  machines 
run  more  steadily  at  all  speeds  from  17  to  75  revolutions  per 
minute. 

6.  The  chain  drive  has  some  points  of  advantage  over  the 
geared  drive.  (See  Fig.  233.)  It  is  cheaper  to  install.  It  is  not 
affected  by  any  slackness,  or  wear,  of  the  main  bearing.  It 
requires  less  attention  and  runs  more  quietly.  It  has  not,  how- 
ever, as  neat  an  appearance  as  a  geared  drive. 

The  chain  drive  could  be  easily  applied  to  throttling  governors. 
A  greasy  belt  on  a  throttling  engine,  a  runaway  engine  and  a 
dead  engineer,  is  the  tale  of  a  recent  accident  at  the  K.  T.  Davis 
Mills  at  St.  Joseph,  Missouri. 
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Most  Corliss  engine  ])uil(lers  advertise  tlieir  so-calle<l  siifetv 
stop,  either  man,  or  mechanically  operated;  Ijut  in  spite  of  tin? 
stops  tlie  engines  frequently  fail  to  stop  until  after  the  wreck. 

The  danger  is  not  where  a  belt  breaks  and  allows  the  safety 
device  to  work,  but  where  the  oily  belt  slips  and  does  not  keep 
the  governor  up  to  speed,  allowing  a  longer  range  of  cut-oflf  than 
is  necessary  to  care  for  the  load,  in  which  case  the  engine  soon 
speeds  up  to  the  danger  line. 

There  is  no  excuse  for  the  f^overnor  ]>elt..  The  consulting 
engineer  could  soon  relegate  it  to  the  past  if  he  chose. 

DISCUSSION. 

Mr.  A.  A.  Cary. — ^[r.  Eldredge's  statement  that  ''there  is 
no  excuse  for  the  governor  belt"  will  hardly  be  accepted  bv 
many  of  us,  I  am  sure. 

It  is  true  that  this  belt  is  -a  source  of  trouble  in  some  plants, 
but  this  trouble  can  generally  be  accounted  for  by  the  presence 
of  a  careless,  a  dirty  or  an  incompetent  engineer,  who  does  not 
take  proper  care  of  his  belt.  The  substitutes  presented  bv  Mr. 
Eldredge  have  been  used  in  not  a  few  plants,  and  have  also  been 
a  source  of  trouble. 

Where  there  are  sudden  changes  of  load  in  2">lants  where  close 
regulation  is  required,  the  slipping  governor  belt  can  frequently 
be  replaced  by  another  belt  which  will  not  allow  objectionable 
slipping,  the  new  belt  being  either  wider,  or,  being  made  to  run 
over  pulleys  of  larger  diameter,  or  else  over  pulleys  w^th  wooden 
faces. 

The  best  substitute  offered  by  Mr.  Eldredge  is  the  gear 
arrangement,  which  is  utilized  in  the  Brown  engine,  but  I  know 
of  cases  where  the  teeth  of  these  gears  have  broken,  and  other 
troubles  have  resulted  due  to  wear. 

Such  gears  should  be  enclosed  in  dust-tight  cases,  and  be  con- 
stantly lubricated  with  clean  oil.  The  teeth  should  be  carefully 
and  accurately  formed  in  a  gear  jDlaner,  and  they  should  be  con- 
stantly ran  on  their  pitch  lines.  The  boxes  holding  them  in 
place  should  be  rigidly  and  accurately  secured  in  proper  position, 
and  no  spring  should  be  allowed  in  the  shaft,  as  Mr.  Eldredo-e 
has  stated. 

-    Tliere  are  few  of  the  gear-governor  drives  I  have  seen  which 
have  not  at  some  time  had,  at  least,  a  certain  amount  of  cotton 
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Avasto  run  between  their  teetli,  while  many  have  had  more  resist- 
ing material  dropped  into  their  "  bite." 

T  have  also  found,  frequently,  the  gear  shafts  running  loosely 
in  their  boxes,  and  further,  I  have  noticed  much  noise  emitted 
from  the  gears,  indicating  lost  motion  between  the  teeth. 

As  far  as  the  chain  application  is  concerned,  I  have  had  ex- 
perience with  engine  appliances  driven  by  this  means,  and  found 
that  constant  running  stretched  the  chain,  causing  it  to  flap  or 
vibrate  considerably  when  sudden  loads  were  applied,  and  this 
motion,  at  times,  threw  the  chain  off  the  sprockets,  thus  making 
it  a  very  dangerous  appliance. 

In  view  of  these  experiences,  I  am  inclined  to  give  my  prefer- 
ence to  the  belt  drive,  believing  that  nothing  of  this  kind  can  be 
made  ^'fool-proof,"  and  I  tliink  that  many  here  will  agree 
Avith  me. 

Mr.  McGeorge. — I  think  the  Renold  Chain  Company  or  the 
Morse  Chain  Company  will  guarantee  chains  against  all  stretch- 
ing. I  linoio  that  the  Morse  will  absolutely  guarantee  against 
stretching,  and  I  believe  the  Renold  will,  too. 

Mr.  Eldredije."^ — Having  read  Mr.  Cary's  discussion  carefully, 
I  still  belie  \"e,  after  fifteen  years  of  designing,  building  and 
handling  both  Corliss  and  high-speed  engines  that  ''  There  is  no 
excuse  for  the  governor  belt,"  and  will  further  add,  or  other 
friction  drives. 

I  have  long  heard  of  the  incompetent  engineer,  but  I  have 
some  sympathy  for  the  competent  man,  Avhose  machine  works 
twenty-four  hours  a  day,  six  days  a  week,  with  but  a  brief 
shut-down  on  Sunday,  and  who  is  unable  to  overcome  the  faulty 
design  of  his  engine  and  properly  protect  and  care  for  his  gover- 
nor belt. 

A  chain,  or  gear  drive,  can  be  easily  cased  in  and  protected 
against  waste,  or  harder  substances  getting  into  '^  the  bite  "  due 
to  carelessness  or  other  causes.  But  what  Avould  be  the  result  of 
such  an  accident?  Simply  a  shut-down.  It  is  not  possible  to 
have  the  governor  lag  behind  the  speed  of  the  engine,  as  with 
the  slipping  belt  drive,  and  allow  a  runaway  engine. 

It  would  be  interesting  to  know  the  style  of  chain  used  in  the 
drives  referred  to  by  Mr.  Cary. 

IS'one  of  the  three  drives  is  perfect.     It  is  a  matter  of  deciding 

*  Author's  Closure,  under  the  Rules. 
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wliicli  is  to  be  protVri-ed :  one  wliich  will  .•id  just  t'listcr  mikI  ]M'i-iiiit, 
;i  runiiwiiy,  or  one  that,  costin*,^  a  little  more  moncv  will  make 
a  I'unaway  impossible. 

Present  ])i'aetiee,  as  eould  easil}^  be  cited,  is  answering  in  favor 
of  the  positive  governor  drive. 
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FITS  AND   FITTING. 

AN  INVESTIGATION  OF  RECENT  PRACTICE  IN  FORCING,  SHRINK 
ING,  DRIVING  AND  RUNNING  FITS,  AND  LIMITS  FOR  LIMIT 
GAUGES. 

BY  STANLEY  H.   MOORE,    KANSAS   CITY,   MO. 

(Junior  Member  of  the  Society). 

1.  In  his  endeavor  to  obtain  for  presentation  to  students  reli- 
able and  definite  information  on  this  subject — matter  which  bore 
the  semblance  of  systematic  deduction — the  author  could  but  re- 
echo the  sentiment  of  Professor  Sweet's  recent  remark  in  refer- 
ence to  certain  kinds  of  fitting.  Professor  Sweet  says  in  part: 
^'  Mechanics  trying  to  find  out  how  much  to  allow  for  forced  fits 
must,  if  they  look  up  the  literature  on  the  subject,  get  pretty 
badly  mixed." 

The  crude  or  working  material  which  is  the  basis  of  this  inves- 
tigation is  that  which  has  been  published  during  the  last  few 
years  in  the  leading  technical  periodicals.  The  available  matter 
was  divided  into  two  classes:  that  which  bore  the  stamp  of 
scientific  investigation,  and  that  which  was  submitted  as  the 
successful  practice  of  some  individual  or  concern.  The  repre- 
sentative instances  of  the  former  class  are  the  excellent  articles 
iu  vol.  22,  American  Machinist,  by  Professor  AYetmore  and  Mr. 
T.  C.  Kelley.  To  the  second  class  belongs  by  far  the  greater 
portion  of  the  data  investigated.  This  matter,  at  first  seemingly 
hopelessly  at  variance  with  itself  and  somewhat  chaotic  in  char- 
acter, afforded,  however,  excellent  material  with  which  to  work. 

2.  It  is  the  purpose  of  this  paper  to  explain  in  brief  the  method 
of  procedure  in  the  deduction  of  the  resultant  formulae,  represent- 
ative curves  and  tabulated  data.  For  the  convenience  of  treat- 
ment the  matter  was  divided  into  the  following  classes:  Forcing 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Transactions. 
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Fits,  Forcin<^  Fit  Pressures,  Slninkin*^-  Fits,  Driving  Fits,  Tlun- 
iiin^  Fits,  and  Limits  for  Limit  (iauges.  In  order,  in  each  indi- 
vidual case,  to  discover  and  ascertain  tlie  nature  of  a  prohahle 
hnv,  the  data  were  transferred  to  rectangular  co-ordinates  wliere 
the  curve  was  plotted,  the  ordinates  representing^  the  diameters 
in  inches;  the  abscisses  the  allowances.  The  result  of  this  first 
plotting  was  the  deduction  of  an  empirical  formula  for  each  indi- 
vidual case.  For  the  i)urpose  of  comj)arison  the  curve  for  this 
formula  Avas  transferred  to  what  was  termed  the  Typical  Dia- 
gram. In  these  typical  diagrams  such  curves  as  were  obviously 
wild  and  wide  of  the  mark  were  omitted. 

3.  The  next  step,  and  one  deemed  necessary  for  the  compilation 
of  an  accurate  table  of  fit  allowances,  was  the  selection  or  con- 
struction— from  the  typical  diagrams — of  what  were  termed 
Representative  Curves  which  would  clearly  indicate  good  prac- 
tice. The  choice  of  these  representative  curves,  being  largely  a 
matter  of  judgment,  is  open  to  criticism;  however,  the  selections 
were  made  with  a  view  to  securing  a  simj^le  formula  that  would 
at  once  embody  the  essential  features  of  good  practice  and  omit 
nothing  of  importance.  A  careful  examination  of  these  curves, 
with  due  consideration  as  to  the  manner  in  which  they  were  ob- 
tained, Avill,  we  think,  justify  the  selection. 

Turning  our  attention  now  to  the  several  sub-divisions  of  the 
subject,  we  will  discuss  briefly  the  salient  features  of  each. 

Forcing  Fits. 

4.  For  the  purpose  of  discussion,  forcing  fits  may  be  defined  as 
those  machinery  fits  which  require  the  use  of  some  form  of  press, 
generally  hydrostatic,  to  complete  the  assembling  operation. 

A  study  of  the  various  curves  of  the  typical  diagram  for  forc- 
ing fits  led  to  the  selection  of  a  Representative  Curve  whose 
formula  contained  a  constant.  This  was  considered  desirable, 
especialh"  on  account  of  its  influence  on  the  smaller  sizes.  The 
formula  selected  for  the  Representative  Curve  for  forcing  fits 
was:  A  —  2D  +  .5;  A  =  Allowance  in  thousandths  of  an  inch, 
D  =  Diameter  of  the  plug  in  inches. 

5.  Regarding  the  assembling  process,  or  the  manipulation  of 
forcing  fits,  we  find  the  following  governing  conditions:  1.  The 
Allo\\"ance.  This  should  never  be  so  great  as  to  prevent  the 
stress  from  coming  well  within  the  elastic  limit  or  the  crushing 
strength  of  the  materials  employed.     2.  The  Surfaces.     In  gen- 
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eral  we  may  say  regarding  the  surfaces  for  this  kind  of  fitting, 
that  the  best  results  are  obtained  when  both  surfaces  are  ground 
to  fit  gauges.  The  conditions,  in  some  instances,  render  tliis 
impracticable;  however,  the  surfaces  of  the  pieces  to  be  assfni 
bled  should  be  as  smooth  as  it  is  practical  to  make  them.  8.  'i  1  e 
Lubrication.  Linseed  oil  makes  an  excellent  lubricant  for  assem- 
bling forcing  fits.  4.  The  Alignment.  It  is  important  to  start 
the  plug  accurately;  so  important  is  this  that  to  secure  an  accu- 
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rate  ali^niinont  some  engineers  resort  to  tlie  use  of  two  diameters 
— each  lialf  the  length  of  the  lit — dilferin*^  ])y  but  a  few  thou- 
sandths of  an  inch.  Tlie  additional  advantage  of  having  to  force 
the  plug  through  hut  lialf  tlie  lengtli  of  the  fit,  it  is  claimed, 
greatly  reduces  tlie  niaxinnnn  forcing  lit  pressure. 

F'orcing  Fit  Pressures. 

C).  Here  the  fixed  conditions  are  generally  the  following:  Tlie 
materials  employed;  the  nominal  diameter;  the  length  of  the 
fit,  and  the  thickness  of  the  hub.  AVitli  tliese  conditions  the 
pressure  necessary  to  assemble  a  given  forcing  lit  will  vary, 
]\rr.  Ivelley  concludes  aftei'  his  experience  with  about  eight  hun- 
dred forcino-  fits  on  reticular  en^iue  work: 

(1)  Directly  as  the  area  of  the  surface  of  the  fit  for  a  given 
diameter. 

(2)  Directly  as  the  allowance — the  difference  in-  diameter  be- 
tween the  plug  and  the  bore. 

(3)  As  a  function  of  the  radial  thickness  of  the  hub. 

(4)  As  the  materials  employed  and  the  nature  of  the  machined 
surfaces.  Tlie  investigation  for  a  pressure  curve  was  undertaken 
on  this  basis — on  the  assumption  that  these  conclusions  are  cor- 
rect. After  considerable  work  a  simple  equation  for  a  Repre- 
sentative Pressure  Curve  was  established.  This  equation  gave 
essential^  the  results  obtained  by  the  use  of  Mr.  Kelley's  experi- 
mentally derived  curve,  and  while  possessing  the  advantage  of 
mathematical  deduction,  it  had  the  additional  advantage  of  con- 
forming to  experience  and  becomes,  therefore,  thoroughly  prac- 
tical in  its  application. 

7.  The  curve,  an  hyperbola  wliose  equation  is 

Pt    =:    , 

-^  -^  jy\m  ' 

where  PF  is  the  Pi'essure  Factor  and  D  the  nominal  diameter 
of  the  fit,  assumes  the  hub  to  be  twice  the  diameter  of  the  plug, 
the  materials  employed  to  be  machinerv  steel  plugs  and  cast  iron 
hubs,  and  the  macliined  surfaces  to  be  practically  true  and  free 
from  tool  marks.  Should  the  hub  diameter  exceed  tAvice  that 
of  the  plug,  the  pressure,  according  to  condition  three,  will  be 
somewhat  greater — the  amount  being  obtained  by  the  construc- 
tion of  another  hyperbola.  Should  the  materials  employed  be 
other  than  those  Avhich  the  curve  assumes,  the  pressure,  according 
to  condition  four,  will  again  vary,  necessitating  the  determination 
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of  another  value  of  PF.  .  .  .  The  few  values  obtained  from  the 
meagre  data  relative  to  this  particular  point,  seemed  to  indicate 
that  a  new  value  of  PF  might  be  obtained  by  multiplying  PP 
directly  by  the  ratio  existing  between  the  average  value  of  the 
crushing  strengths  of  the  two  new  materials  and  the  average 
value  of  the  crushing  strength  of  cast  iron  and  machinery  steeL 
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Moreovor,  tlic  invostii^jition  disclosed  tlie  |)r<)])l(nn  to  1x3  fiir  too 
complicated  to  admit  of  any  so  simple  a  solution.  The  dearth  of 
])articular  values  and  the  incompleteness  of  the  ex[)erimerits  lead- 
ing to  the  above  indication,  were  such  as  to  inllueiice  the  author 
to  say  that  the  statement  is  of  no  practical  value.  However,  it 
may  be  well  to  state  that  the  problem  was  first  attacked  on  the 
assumption  that  a  solution  might  be  had  from  a  cam|)arison  of 
tlie  moduli  of  elasticit}'  of  the  materials.  This  position  was  ren- 
dered untenable:  first,  l)ecause  in  materials  such  as  cast  iron  which 
have  no  well  defined  elastic  limit,  the  modulus  decreases  from  a 
maximum  near  the  beginning  of  the  test;  second,  as  some  per- 
manent deformation  of  the  bore  and  j)lug  generally  results  as  a 
consequence  of  the  assembling,  the  elastic  Hmit  of  the  material 
is  obviously  passed — this  furnished  a  clew  for  attacking  the 
problem  with  reference  to  the  crushing  strength.  Then  again 
the  investigation  pioceeded  with  a  treatment  of  the  hub  as  a 
thick  hollow  cylinder  under  tension:  were  this  assumption  cor- 
rect, the  formulas  of  Professor  Barlow  and  Meri'iman  should  be 
applicable  and  the  tension  on  every  concentric  layer  caused  by 
the  internal  pressure,  vary  inversely  as  the  square  of  its  distance 
from  the  center.  This  position  is  faulty  in  that  cast  iron  is  not 
homogeneous  in  texture,  is  not  incompressible,  and  when  used 
for  the  material  of  cvlinders  of  hydraulic  presses  the  thicknesses 
Avhich  obtain  are  such  that  the  stresses  calculated  by  these  form- 
ulas would  postulate  the  use  of  steel  to  render  them  reasonably 
safe.  This  latter  may  not  be  a  parallel  case,. as  hydraulic  cylin- 
ders are  usually  solid  at  one  end. 

In  passing  the  author  concludes  that  the  influence  Avhich  the 
use  of  different  materials  will  have  on  the  pressure  may  only  be 
satisfactorily  determined  by  experiment. 

8.  The  tabulated  values  of  Pi^  from  this  curve  will  prove  the 
more  convenient  for  ready  reference;  however,  the  method  of 
using  the  curve  is  as  follows:  Select  the  nominal  diameter  of  the 
fit  and  follow  its  ordinate  up  to  the  curve;  from  this  intersection 
follow  horizontally  to  the  left  and  read  PF  the  pressure  factor. 
The  equation  for  the  pressure  is 

^              .    ^            Area  of  surface  of  fit  x  Difference  in  dia.  between  pluf?  and  bore  y.  f  ^ 
Pressure  in  Tons  =■ ^ 

The  result  will  be  the  pressure  in  tons  required  to  force  th-j  plug 
home.  A  foreman  may  thus  also  easily  determine  whether  or 
not  his  press  is  of  sufficient  capacity  for  the  work  in  hand. 
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Shrinking  Fits. 

9.  The  Representative  Curve  chosen  for  shrinking  fits  was  the 
one  whose  equation  gave  allowances  which  agreed  with  the  stand- 
ard  adopted  by  the  American  Railway  Master  Mechanics'  Associ. 
ation  for  locomotive  wheel-center  and  tire  gauges.  The  agree- 
ment is  identical  to  the  thousandth  decimal  place,  this  being  the 
extent  to  Avhicli  their  standard  is  carried.  The  equation  is  ^  = 
^^D  -V  .^^A  —  Allowance  in  thousandths  of  an  inch.    The  allow- 
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anccs  obtained  hy  tho  use  of  this  formula  Avliilo  not  oxccssivo  am 
suiru'ient  to  insure  a  tiglit  fit,  tlius  avoid  in  •^  the  (hin<^(M'  of  ex- 
cessive slirinkage  stresses,  ofttinies  deemed  ne«^li^il)I(',  which  an; 
always  additional  to  those  incident  to  actual  service.  Takin^i^ 
the  modulus  of  elasticity  of  steel  at  I50,<i(K),00()  the  stress  caused 
l)y  this  amount  of  shrinkage  would  l)e  alxmt  8'5,()0()  jxnmds  })er 
square  inch,  which  is  well  within  the  elastic  limit  of  mncliinciy 
steel. 

10.  Considering  this  class  of  fitting-  Avith  a  view  to  obtaining 
the  greatest  resistance  to  tension  and  torsion,  ^ve  discover  tliat 
shrinking  fits  are  far  superior  to  forcing  fits,  they  being,  under 
like  conditions,  as  Professor  AVetmore  has  shown,  uniformly 
about  three  tir.ics  as  tight  both  in  tension  and  torsion.  Experi- 
ments seem  to  indicate  that  in  this  class  of  fits  the  resistance  to 
torsion  increases  more  rapidly  with  the  diameter  than  does  the 
resistance  to  tension. 

11.  In  the  inanii)ulation,  good  practice  maintains  that  a  piece 
should  rarely  be  heated  hotter  than  a  ver}^  dull  red  heat — a])Out 
800  degrees  Fahr. — and  under  no  consideration  to  the  scaling 
point.  This  temperature  of  necessit}^  limits  the  fit  allowance  to 
something  less  than  TOO  degrees  x  .00000556  =  .003892  per  unit 
diameter  for  cast  iron.  It  will  be  found  upon  an  examination 
of  the  formula  tliat  the  heating  to  this  temperature  is  ample  for 
the  allowances  given  by  the  Eepresentative  Curve. 

12.  Regarding  the  process,  better  results  will  be  obtained  if  the 
entire  piece  be  heated  slowly  and  uniformly  instead  of  trying  to 
hasten  matters  by  ^'  blazing  up  "  through  the  bore.  The  latter 
practice  is  sometimes  negative  in  its  results;  in  cases  perma- 
nently reducing  the  bore  diameter  instead  of  increasing  it  as 
desired,  the  expansion  being  inw^ard  instead  of  outward.  In 
general,  it  may  be  said  that  this  class  of  fitting  requires  more 
skill  and  experience  in  its  manipulation  than  does  force  fitting. 
Xot  only  in  the  heating  and  assembling  is  this  skiU  and  experi- 
ence necessary  but  in  the  cooling  as  w^ell. 

Driving  Fits. 

13.  Yery  few  data  could  be  secured  for  this  class  of  fitting,  the 
inference  beino:  that  this  method  of  assemblinc:  is  about  obsolete. 
A  field  may  still  exist  for  such  small  w^ork  as  the  assembling  of 
the  smaller  pins  and  cranks  of  valve  gearing,  where  the  formula 
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for  the  Representative  Curve  might  be  used  to  advantage  when 
the  fit  is  made  with  an  arbor  press  or  some  kindred  method.  This 
formula  might  also  be  used  for  some  classes  of  tiglit-ke3'ed  fits; 
however,  the  practice  of  driving  home  a  plug  by  blows  is  too 
crude  to  be  used  except  where  no  other  method  is  available. 


FITS  AND  rjTTiNc;.  1  ic; 

Our  Rcprosontativo  F(jrinula  for  tliis  cliuss  of  rittin<r  is  ^l  =  J  7> 
4-  .5,  A  =  Allowance  in  thousjuKltlis  of  an  iiicli. 

1\.  A  running  iit  is  designed  to  allow  the  surfaces  in  contact 
to  move  or  revolve  freely  over  each  other.  The  more  nearly  tlie 
surfaces  in  contact  apjiroach  perfection  the  better  will  be  the  fit; 
liowever,  there  should  he  a  sufficient  dilference  in  diameter  to 
admit  of  motion  and  lubrication.  The  difference  in  diameter  to 
l)e  allowed  in  any  given  fit  depends  upon  the  following  con- 
ditions: the  nature  of  tlie  machined  surfaces;  the  kind  of  metals 
in  contact;  the  length  of  the  fit  and  its  diameter.  The  perfec- 
tion of  the  fit,  de|>ending  largely  as  it  does  upon  th«  surfaces  in 
contact,  renders  it  imperative  that  they  be  smooth  and  true. 
When  ])ossible,  on  the  smaller  sizes,  bored  holes  should  always 
be  reamed,  as  this  not  only  insures  a  standard  size  but  finishes 
the  hole  comparatively  smooth  and  true. 

15.  The  formula  selected  for  the  representative  curve  for  run- 
ning fits  on  macliine  tool,  engine  work  and  kindred  practice  was 
A  =  -^^  2>  +  .5,  A  =  Allowance  in  thousandths  of  an  inch.  It 
will  be  remembered,  of  course,  that  in  order  to  obtain  the  bore 
diameter  the  allowance  should  be  added  to  the  diameter  of  tho 
sliaft.  For  obvious  reasons  it  was  considered  desirable  that  this 
formula  contain  a  constant ;  it  assumes  the  condition  of  the  sur- 
faces in  contact  to  be  similar  to  that  obtained  by  the  use  of  a 
reamer  and  the  allowances  will  be  found  to  fall  sliirhtlv  Avithin 
the  limits  given  by  the  representative  curve  on  the  limits 
diagram. 

16.  For  those  who  may  not  know,  in  passing,  it  might  be  well 
to  give  a  few  cautionary  paragraphs  regarding  the  production  of 
satisfactory  running  fits.  Regarding  the  truth  and  accuracy  of 
bored  holes,  practice  indicates  that  tlie  best  results  are  ol^tained 
with  a  very  light  cub,  a  high  speed  and  slow  feed.  In  light 
chuck  work  there  is  a  tendency  in  tightening  the  chuck  jaws  to 
distort  the  piece,  and  it  may  be  necessary  in  some  instances  to 
partially  relieve  the  pressure  for  the  light  finishing  cut.  The 
most  satisfactory  results  are  obtained,  in  fitting,  where  limit 
gauges  are  used;  where  no  limit  gauges  are  to  be  had,  in  many 
instances  it  will  be  found  advantacreous  to  finish  the  bore  first, 
as  it  is  easier  to  fit  the  shaft  to  the  hole  than  vice  versa.  When 
a  fit  is  made,  anv  tool  marks  left  on  either  the  shaft  or  the  bore 
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Fig.  338. 

wear  away  rapidly  and  defeat  the  purpose  of  the  work.  Kot 
only  is  their  helical  construction  conducive  to  rapid  wear,  but  it 
renders  perfect  lubrication  almost  impossible,  as  the  grooves 
tend  to  lead  the  oil  out  of  the  bearing.  It  is  desirable  to  have 
the  surfaces  in  contact  ground,  as  they  then  approach  perfection ; 
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where  this  is  not  feasible  they  should  be  filed  and  polished.  On 
good  work  a  very  few  strokes  of  the  file  will  suffice  to  remove 
the  tool  marks;  little  or  no  filing  should  be  attempted  after  their 
removal,  as  the  filing  of  cylindrical  work  is  at  its  best  a  negative 
process  where  truth  and  accuracy  are  to  be  sought. 
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TYPICAL  DRIVING  FIT  DIAGRAM. 
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Limits  for  Limit  Ganges. 

17.  Limit  gauges,  as  we  are  well  aware,  are  used  primarily  as 

time  savers;  tliey  avoid  the  waste  of  time  in  finishing  parts  undnlv 

accurately,  while  still  having  them  accurate  enough  to  meet  all  tli'e 

demands  of  mterchangeable  manufacture.     The  selection  of  the 
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limits  of  variation  for  any  given  class  of  work  requires  experi- 
ence and  sound  judgment.  As  it  is  clearly  a  matter  of  time- 
saving,  the  problem  resolves  itself  into  two  phases:  the  accuracy 
and  efficiency  of  the  machine  on  the  one  hand,  and  the  rapidity 
of  production  on  the  other.     The  largest  limit  of  variation  then 
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that  will  produce  the  desired  accuracy  and  efficiency  in  the 
machine,  is  the  one  to  be  selected.  For  this  reason  the  selection 
of  a  Representative  Curve  of  limits  proves  a  liazardous  under- 
taking for  any  but  he  who  has  to  do  with  the  production  of  the 
machine;  however,  the  author  ventures  the  curve  ])lotted  on  the 
limits  diagram  as  being  suitable  for  machine  tool,  engine  work 
and  similar  practice.  In  the  manufacture  of  limit  gauges  there 
are  reasons  why  one  of  the  sets  should  be  made  one-half  the 
allowable  variation  larger  than  the  nominal  size,  while  the  other 


Table  of  Tabulated  Data  Relative  to  Fits  and  Fitting. 


In  order  to  place  the  results  of  this  investigation  in  the  most  convenient  form,  that 
adequate  for  ready  reference,  the  allowance  values  for  each  class  of  fits  were  calculated 
and  tabulated  under  the  following  arrangement. 


Pressure 
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Fit  AUow- 

a,nces. 
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Factors. 
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A  glance  at  the  Representative  Cur\^es  of  the  various  fits  and  their  formulas  reveals  the 
allowances  to  bear  the  following  relations  to  each  other:  5,  8,  17,  32,  starting  with  the 
curve  for  running  fits. 
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set  should  be  iiiado  just  as  much  smaller.  This,  it  is  believed, 
is  the  ])ractiee  of  the  best  manufacturers,  thou<j^h  iu  sonu»  of  tiie 
data  investigated  such  was  not   the  case.     The  I'epresentative 

formuhi  —  =  {\  7)  +  .3  gives  lialf  the  limit  variation  in  tliou- 
Ji 

sandths  of  an  inch,  plus  or  minus  as  desired. 

18.  While  the  specific  values  obtained  from  the  formulae,  din- 
grams  and  table  will  prove,  no  doubt,  of  great  valu(^  to  mjiny, 
they  should  be  taken  as  a  guide  indicating  the  conditions  which 
existed  in  the  data  whicli  the  author  was  able  to  ])rocure.  As  it  is 
impossible  for  one  individual  to  secure  and  taljulate  that  amount 
of  information  from  the  thousands  of  progressive  machine 
shops  of  this  country,  necessary  to  indicate  the  average  Ameri- 
can practice  in  this  direction,  the  greatest  value  of  this  paj^er 
may  be  found  in  its  discussion  by  those  who  know,  and  again  in 
its  indication  of  what  may  be  done  with  similar  masses  of  seem- 
ingly chaotic  data. 

DISCUSSION. 

Mr.  John  Ixiddell. — I  have  read  the  paper  by  ^fr.  Stanley  II. 
Moore,  on  fits  and  fitting,  with  a  great  deal  of  interest,  and  am 
very  glad  to  see  that  some  effort  is  being  made  to  get  the  matter 
of  allowances  put  in  some  tabulated  form  for  future  reference. 
I  am  particularly  interested  in  this  subject  at  this  time,  as  I  have 
just  proposed  a  diagram  for  our  own  use,  and  was  just  about  to 
issue  it. 

In  making  up  such  tables  and  diagrams,  it  will  be  found  a 
very  difficult  undertaking  to  make  them  to  suit  all  conditions,  as 
I  will  try  to  point  out. 

Before  making  any  change  in  our  present  allowances  I  wrote 
to  a  number  of  engine  builders  for  their  opinion  regarding  the 
change,  and  received  answers  from  about  •!(>  of  them,  and  the 
answers  furnished  verv  interestino-  readino-  matter;  some  su^:- 
gested  that  the  present  allowance  was  all  right,  others  said  the 
proposed  allowance  Avould  be  about  right,  Avhile  still  others  said 
it  was  not  enough. 

My  reasons  for  changing  were,  first,  to  have  a  gradually  in- 
creasing allowance,  and  not  in  stej^s  by  3  or  4  inches,  because 
I  contend  that  if  an  allowance  is  right  for  10  inches  the  same 
allowance  would  not  be  right  for  14  or  15  inches.  Second,  our 
old  allowance  is  50  per  cent,  smaller  than  the  proposed  allow- 
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.oir.    .024    .on5    .o-io 


Joliu  RidUle 


Fig.  242. 


ance,  and  gave  no  leeway  to  the  shaft  turner.  There  are  many 
things  to  be  taken  into  consideration  in  laying  out  these  tables 
and  diagrams:  first,  the  relation  of  length  of  bore  to  diameter; 
in  our  case  the  length  of  hubs  of  armature  spiders  are  sometimes 
several  times  the  diameter,  but  the  actual  bearing  surface  is 
about  equal  in  length  to  the  diameter,  on  account  of  recesses  in 
the  hub.  Second,  the  outside  diameter  of  hub  should  be  taken 
into  consideration.     My  diagram  is  laid  out  on  the  basis  of  the 
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lull)  lu'iiig-  twicr  tlu'  (lijunctiM*  of  llic  shaft.  Tliiiul,  tlic  nalurr  <»f 
the  iiiaterials  should  lu'  considcM'ed.  Fourth,  how  and  where  the 
parts  are  to  be  assembled;  if  they  are  to  be  asseud)le(l  when*  a 
suitable  liydrostatic  press  is  available,  jnore  allowanee  can  be 
made  than  if  the  parts  are  to  be  put  together  by  the  use  of  l)olts 
and  straps. 

^[y  diagram  is  based  on  aetual  experience  extending  over  a 
number  of  years,  and  the  one  we  have  at  present  in  use  is  emi- 
nently satisfactory. 

In  laying  out  the  diagram  we  took  the  largest  bore  we  had 
made  and  dilferent  smaller  ones  down  to  :i  or  :]  inches,  and 
plotted  the  curve  to  suit. 

In  my  diagram  I  differ  very  widely  from  Mr.  Moore  in  all  of 
his  tables,  and  also  in  some  of  his  general  deductions. 

By  comparing  some  of  his  tables  with  our  ex])erience  we  have  : 

Forcing  Fit. 

Moore.  Kiduell. 

6  inches .012")  .00125 

12  "■ ■  .0245  •  .00425 

24   "   .0485  .0045 

30   "   .0605  .0055 

37   "   .0065 

Shrink  Fit. 

MoOUE.  RiDDELL. 

6  inches  .0069  .0035 

12   "  .0i:j3  .0057 

24   "   .0260  .00925 

30   "   .0324  .      .011 

37   "   .01325 

12  feet .040  inch. 

It  will  be  noticed  by  the  above  that  Mr.  Moore  allows  about 
ten  times  more  for  pressure  fits  than  in  my  proposed  table. 

It  will  also  be  noticed  that  Mr.  Moore  allows  less  for  shrink- 
age than  for  pressing,  while  my  table  gives  double  the  amount. 

I  would  like  to  call  attention  to  another  statement  made  on 
paragraph  12  of  Mr.  Moore's  paper,  in  Avhich  he  says  more  skill  and 
experience  are  required  for  shrinking  than  for  force  fits.  I  have 
seen  a  great  many  fits  of  both  kinds  made  and  never  heard  this 
statement  made  before.  If  a  piece  is  being  bored  for  shrinkage, 
say  about  48  inches  diameter,  we  would  allow  .016  inch,  but  if 
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the  same  piece  was  to  be  bored  for  forcino:  fit  we  would  only 
allow  .008  inch.  Two  or  three  thousandths  would  make  very 
little  difference  on  the  shrinkage  lit,  as  we  would  be  sure  to  have 
a  tight  lit  if  there  was  such  a  variation  either  way  ;  hut  in  the  case 
of  forcing,  if  .003  inch  were  taken  from  .000  inch,  the  press- 
ure would  be  insullicient,  and  if  the  same  amount  was  added, 
the  pressure  would  be  entirely  too  high. 

One  of  the  reasons  for  making  ray  table  was  to  have  some- 
thing for  the  guidance  of  our  designers  and  draughtsmen. 

There  are  five  curves  shown,  and  are  as  follows  (Fig.  242): 

The  left-hand  one  on  the  minus  side  of  0  line  shows  allow- 
ances for  sliding  fit;  I  mean  by  this  such  fits  as  are  not  loose 
or  free  like  a  running  fit,  but  one  that  will  just  slide  without 
any  perceptible  play. 

The  next  curve  is  on  the  right  or  plus  side  of  the  0  line,  and 
shows  exactly  the  same  allowances  for  tight  fits,  for  parts  with 
light  hubs,  such  as  commutator  shells,  etc. 

The  third  curve  gives  somewhat  greater  allowances,  and  is 
used  for  steel  hubs. 

The  fourth  is  for  our  regular  armature  spiders  of  solid  cast- 
iron  hubs. 

The  fifth  shows  the  amount  we  have  found  to  be  correct  for 
shrinkage  fits,  and  for  such  heavy  articles  as  couplings. 

Our  bearings,  or  running  fits,  are  not  given,  as  it  was  not 
thought  advisable  to  put  too  much  on  one  sheet. 

Without  assigning  names  to  the  individual  replies,  it  may  be. 
of  interest  for  me  to  give  the  following  list  of  builders  and 
manufacturers  to  whom  my  inquiries  were  sent,  and  the  tenor 
of  their  replies.     The  list  includes: 

THE   HOOVEN,    OWENS,    RENTSCHr.ER   COMPANY. 

THE   LANE   &    BODLEY   CO. 

THE   WESTlNGtlOUSE   MACHINE    COMPANY. 

THE   WEBSTER   CAMP  &  LANE   CO. 

ROBERT    WETHERILL   &   CO. 

THE   C.    &   G.    COOPER  COMPANY. 

PHCENIX   IRON   WORKS   COMPANY. 

Mcintosh,  seymour  &  co. 

SKINNER   ENGINE   COMPANY. 
AMERICAN    ENGINE    COMPANY. 
FITCHBURG    STEAM    ENGINE   COMPANY. 
PROVIDENCE   ENGINEERING   WORKS. 
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T;IE    WILLIAM    TOD   COMl'AM'. 

griNCT    ENGINE    WUHKS. 

EHIE   (ITV    IKON    WOKKS. 

NICHOLS   &    J.ANGWOHTIIY   MACHINE   COMPANY. 

WILLIAM    A.    HARRIS   STEAM    EN(JINE   COMPANY. 

AMERICAN    MACHINE  &  ORDNANCE   CO. 

BATES    MACHINE    COMPANY. 

PROVIDENCE    ENGINEERING    WORKS. 

BUFFALO   FORGE   COMPANY. 

A.    L.    IDE   &   SONS. 

WATERTOWN   ENGINE   COMPANY. 

BROWN    CORLISS   ENGINE   (^OMPANY. 

S.   MORGAN   SMITH   COMPANY. 

BUCKEYE    ENGINE   COMPANY. 

PAYNE   ENGINE    COMPANY. 

PENNSYLVANIA   IRON   WORKS    COMPANY. 

THE    FILER   &    STOWELL   CO. 

HARRISBURG    FOUNDRY  &   MACHINE    W^ORKS. 

ATLAS  ENGINE   WORKS. 

THE    WATTS-CAMPBELL   COMPANY. 

THE    BALL   &    W^OOD   CO. 


*'  We  have  gone  over  the  matter  carefully,  and  we  should 
think  that  the  new  allowai^ces  would  be  all  rig-ht  for  armatures, 
and  trust  you  will  continue  to  name  the  allowances  we  are  to 
make  in  turning  our  shafts.  We,  of  course,  allow  much  more 
than  the  above  for  our  crank  and  fly-wheel  pressure  fits,  but 
should  think  that  for  your  armatures  these  would  be  just  about 
the  riffht  allowances." 


'^  We  have  felt  that  the  electric  companies'  allowances  have  in 
many  cases  been  less  than,  the  limit  of  error,  especially  on  the 
larger  sized  shafts  from  IS  inches  up,  as  it  appears  very  difficult 
to  get  any  two  men  to  caliper  alike  on  these  large  diameters, 
even  with  ver}^  carefully  designed  calipers." 


^^We  have  always  thought  that  your  present  allowance  is 
very  small,  and  compai*ed  with  our  own  practice,  your  proposed 
allowance  is  still  what  we  would  consider  extremely  moderate." 


'^In  our  practice  for  cranks,  crank-pins,  fly-wheel  centres, 
etc.,  we  have  always  allowed  considerably  greater  difference 
than  the  allowance  proposed  in  vour  letter  of  November  IS, 
1902." 
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"We  notice  that  your  proposed  allowances  are  a  decided  in- 
crease over  your  present  practice,  and  we  believe  is  a  step  in  the 
right  direction.  Of  course,  in  the  case  of  steel  castings,  we  only 
make  about  one-half  the  allowance  provided  for  in  the  accom- 
panying blue  print." 


a 


The  proposed  allowance  that  you  contemplate  making,  we 
tliink,  is  a  step  in  the  right  direction.  The  units  we  have 
handled  have  not  fallen  below  shaft  of  9  inches  diameter.  We 
always  considered  your  present  allowance  a  little  small,  and 
as  a  matter  of  fact  have  been  keeping  our  shaft  sizes  nearer 
to  the  allowance  you  now  propose  to  insure  good  tight  fit  of 
the  work." 

"Have  compared  your  proposed  allowance  for  press  fits  to 
what  we  have  been  accustomed  to  putting  on  our  fly-wheel  cen- 
tres, and  find  that  they  about  agree,  and  that  it  gives  us  a  press 
fit  of  8,000  to  10,000*  pounds  to  the  inch  diameter.  When  it 
comes  to  pressing  steel  cranks,  which  we  frequently  have  to  put 
on  to  our  shafts,  we  find  that  we  have  to  reduce  the  differences 
to  about  half  of  what  is  given  for  cast-iron.  In  other  words,  if 
any  of  the  armatures  were  steel,  we  would  think  your  allow- 
ances ought  to  be  cut  in  two  to  get  the  same  pressure  that  you 
are  getting  with  the  larger  allowance  that  the  armatures  are 
cast-iron." 

"Would  say  that  we  enclose  a  table  that  we  have  compiled 
from  our  own  practice,  and  an  allowance  of  .002  inches  per  inch 
of  diameter  which  Professor  Sweet  of  The  Straight  Line  Engine 
Company  uses.  According  to  Professor  Sweet's  jiractice,  the 
allowance  will  be  very  heavy  compared  with  your  proposed  sys- 
tem of  allowances.  Our  own  practice  has  answered  very  well 
for  such  things  as  cast-iron  crank-discs,  but  even  ours  is  on  much 
smaller  allowance  than  that  advocated  by  Professor  Sweet.  We 
think  your  present  system  of  sizes  for  forced  fits  is  rather  under 
what  it  should  be,  but  it  is  very  hard  to  get  a  rule  that  will 
apply  to  cast-iron  discs  and  cast-steel  discs." 


"  We  have  your  circular  letter  of  the  18th  in  regard  to  press 
fits.  We  never  figure  on  being  able  to  find  apparatus  for  press- 
ing on  hubs  of  wheels  or  cranks  where  the  engine  is  erected, 
and  this  is  generally  done  in  the  shop  in  any  case,  so  our  advice 
is  of  no  value  as  to  w^hether  there  will  be  trouble  on  account  of 
heavy  pressures  required  with  your  proposed  allowance.  We 
would  say  that  for  wheel  hubs,  where  they  are  solid,  we  make 
an  allowance  which  is  .0001  I)  -^  .005  inches,  where  J)  is  the 
diameter.  This  allowance,  you  will  note,  is  intended  to  apply 
only  to  fits  over  12  inches  diameter,  and  you  will  note  is  a 
greater  allowance  than  your  proposed  standard,  and  we  have  no 
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trouble  about  puttin<2:  these  on  in  the  shop;  but  of  course  our 
cnink-pin  fits  call  for  a  much  <^^reiitcr  allowance,  and  we  are 
therefore  used  to  heavy  pressures.  We  do  have  an  allowance 
for  the  borini:  of  split  wheels  of  jmioI  I)  ^  .002  inches,  which 
is  more  nearly  like  your  present  allowance,  but  of  course  we 
have  both  shaft  and  wheel  in  the  shop,  and  tit  one  to  the  other, 
and  the  wheel  bub  has  to  be  stretched  by  the  bolts  at  the  split 
S(^  as  to  bring  it  together,  which  limits  the  amount  of  allowance 
jvissible.  Our  practice  is  to  turn  the  shaft  nominal,  or  even 
diameter,  and  bore  the  hub  the  proper  allowance  smaller.  AVe 
note  the  AVestinghouse  Electric  Company  pursue  the  same 
method:  also  they  send  us  a  gauge  the  exact  size  the  shaft  should 
be  instead  of  asking  us  to  make  the  allowance.  We  think  this 
method  is  preferable  to  yours." 


*^  We  have  your  circular  letter  of  the  ISth  regarding  the  mat- 
ter of  changing  the  amount  of  pressure- fit  allowance  which  we 
make  on  shafts  to  lit  your  armatures. 

'^  We  v\'ould  state  that  we  have  so  little  forcing  of  armatures 
on  shafts  to  do  that  we  are  not  very  well  able  to  judge  in  a  mat- 
ter of  this  kind.  We  generally  finish  the  shaft  to  the  instruc- 
tions we  receive  from  the  dynamo  builder.  In  most  cases  where 
we  have  direct-connected  with  your  dynamos,  we  have  sent  the 
shafts  to  your  works,  and  of  course  you  would  be  the  best  judges 
of  the  amount  of  pressure-fit  allowance.  Whenever  we  have 
had  to  place  the  armatures  on  the  shafts  we  have  never  had 
much  of  anv  trouble,  because  we  have  alwavs  sent  experienced 
men. 

'•  We  have  never  had  any  complaint  that  our  shafts  were  other 
than  exactly  to  gauge,  so  that  we  presume  either  way  our  shafts 
would  be  made  satisfactorilv." 


^'  We  think  from  our  own  experience  that  your  present  allow- 
ance is  all  that  can  actuall}^  be  used  with  the  appliances  available 
in  putting  the  armatures  on  the  shafts,  and  in  fact,  in  most 
cases,  we  find  that  the  shafts  have  to  be  draw-tiled  considerably 
before  the  armature  can  be  forced  into  position  with  the  single 
stud  in  the  end  of  the  shaft.'' 


'^  We  have  yours  of  the  ISth,  and  in  reply  would  say  that  we 
are  well  satisfied  at  present  with  the  allowance  you  make,  and 
have  never  had  any  complaint  as  to  their  being  too  tight  or  too 
loose,  from  any  one  of  the  many  shafts  we  have  sent  out  to  fit 
your  armatures.  If  the  shafts  are  made  correctly  to  your  gauges 
with  the  allowance  you  name,  it  seems  to  us  there  is  sufficient 
pressure  required  to  fit  the  usual  condition  of  things  where  they 
are  put  together.'' 
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''  I  would  say  that  your  new  schedule  for  proposed  allowances 
is  in  the  neighborhood  of  /^  of  what  we  are  allowing  for  crank- 
discs,  hubs  of  ily- wheels,  crank-pins,  etc.,  coming  within  scope 
of  the  various  sizes  mentioned.  Of  course,  the  stresses  which 
these  pieces  have  to  stand  is  probably  greater  than  the  stresses 
imposed  upon  your  armatures,  and  the  nature  of  the  pieces  also 
allows  subjecting  them  to  a  greater  force  lit.  We  would  say  in 
general  that  the  proposed  allowances,  or  even  more,  would  be 
advantageous  if  the  structure  of  your  armatures  would  allow 
their  being  pressed  on  with  this  increased  allowance." 


^'  We  beg  to  state  that  we  see  no  objections  to  the  proposed 
change  in  allowances  for  generator  shafts." 


^'Replying  to  your  favor  of  the  18th  inst.,  in  regard  to  the 
allowance  of  press  fits,  we  find  from  experience  that  the  amount 
depends  upon  the  material,  class  of  work,  bub,  and  mild  steel 
shaft,  with  depth  of  hub  equal  to  the  diameter  of  shaft.  The 
hub  bored  smooth  and  round,  and  the  shaft  turned  true  and 
smooth,  clear  of  tool-marks,  we  consider  the  present  allowance 
about  right;  but  for  press-fit  allowance  for  the  ordinary  boring 
and  turning  with  coarse  feeds  and  tool-marks  left  in,  the  pro- 
posed allowance  is  about  right. ' ' 


"  Your  proposed  allowance  table  agrees  almost  identically 
with  our  own  practice  throughout  our  shops  for  the  different 
size  fits  that  we  make,  and  meets  very  heartily  with  our  ap- 
proval. ' ' 

''We  do  not  know  to  what  the  pressure  would  be  increased 
by  the  proposed  allowances;  we  should  think  much  would  de- 
pend upon  the  facilities  for  forcing,  which  we  should  suppose 
would  not  exceed  20  tons  in  most  cases.  In  our  work  we  run 
from  20  to  60  tons  according  to  circumstances.  We  should  not 
expect  trouble  from  an  armature  fit  of  20  tons  if  it  was  properly 
made  on  shafts  up  to  6  inches  or  7  inches  diameter. ' ' 


''Will  say  that  we  believe  you  are  moving  in  the  right  direc- 
tion. Our  practice  for  cast-iron  hub  fits,  on  open  hearth  forged 
steel  shafts,  is  to  allow  about  double  the  amount  named  in  your 
table  of  proposed  allowances  on  shafts  from  6  inches  up." 


"  Would  say  the  proposed  change  making  greater  allowance 
for  generator  fits  is  approved  by  us.  It  reduces  the  chances  of 
getting  a  loose  fit  for  the  generator,  without  increasing  the 
pressure  required  to  put  it  on  the  shaft  unreasonably." 
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'' AVo  agTce  with  you  it  would  he  ;i  litLh^  bettor  to  increase  tlio 
allowance  over  what  you  have  l)(»en  usin<^;  in  fact,  we  have 
alwavs  mado  a  litth^  <jreat(^r  allowance  than  vour  irauf^es  call  for 
when  niakiu*^"  an  armature  iit. 


'^  We  note  the  distinction  you  make  between  the  split  and 
solid  hubs.  AVould  say  in  this  connection,  we  formerly  made  a 
similar  distinction  between  split  tly-wheels  and  those  with  solid 
hubs,  but  linally  came  to  the  conclusion  that  there  was  no  neces- 
sity for  makin*^  this  distinction,  as  split  hubs  were  readily 
clamped  onto  the  shafts  even  when  the  full  force-fit  allowance 
was  made.  If  this  information  is  of  any  value  to  you,  we  are 
pleased  to  have  furnished  it." 


*^  Your  circular  letter  of  the  IStli  inst.,  in  regard  to  allowance 
which  you  pro})ose  for  force  fits  on  the  armature  bores,  has  been 
referred  to  the  factory,  and  receives  their  approval." 


^'  We  believe  that  your  present  allowances  are  correct.  How- 
ever, so  far  as  we  are  concerned,  there  are  no  objections  to  in- 
creasing these  allowances  as  proposed.  Where  the  arnuituie 
and  shaft  are  assembled  in  the  shops,  it  seems  to  us  that  the  only 
question  involved  in  the  change  of  the  allowances  is  that  of  the 
strength  of  the  armature  hubs  to  stand  the  increased  ])ressure, 
and  of  course  this  is  a  point  which  you  will  provide  for." 


''  For  one  reason  w^e  are  rather  inclined  to  favor  the  small 
allow^ance — namely,  the  danger  that  a  shaft  may  be  sprung  in 
the  attempt  to  force  an  armature  shaft  on  over  a  large  allow- 
ance. Of  course,  where  the  armature  shaft  is  se])arate  and 
coupled  to  the  engine  shaft,  or  where  the  purchase  is  against  a 
l)olt  in  the  end  of  the  shaft,  there  is  practically  little  danger; 
but  we  have  occasionally  suffered  from  s])rung  shafts  in  cases 
where  the  erecting  engineer  has  attempted  to  get  a  jmrchase  on 
some  part  of  the  crank  itself.  From  an  engine  builder's  point 
of  view,  therefore,  there  is  some  danger  in  too  large  an  allow- 
ance than  in  too  small  a  one.  On  the  other  hand,  we  a])preciate 
the  fact  that  a  loose  fit  might  be  a  much  more  serious  matter  to 
you  than  to  us,  and  we  are  quite  willing  to  follow  any  standard 
that  you  may  decide  to  make." 


''It  is  a  pretty  difficult  thing  for  us  to  give  you  any  definite 
information,  as  our  own  allowances  are  so  entirely  different 
from  those  you  ])ropose.  For  instance,  on  a  crank  of  15  to  18 
inches  diameter  we  would  allow  from  .017  to  .018  pressure  fits. 
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where  you  allow  only  .0055.  Of  course  we  appreciate  the  fact 
tliat  it  is  necessary  for  you  to  reduce  the  forcing  fits  on  account 
of  lack  of  conveniences  in  erecting." 


^'  Would  state  that  the  proposed  allowances  are  just  about  the 
way  we  make  our  fits  at  the  present  time,  and  your  proposed 
moclifications,  therefore,  meet  with  our  approval." 


u 


From  our  experience  the  increase  which  you  suggest  would 
not  be  necessary,  if  you  actually  get  what  you  call  for,  as  the 
revolving  piece  of  your  generators  is  of  such  construction  that 
the  allowance  which  you  have  been  using  is  quite  sufficient  to 
get  all  the  pressure  necessary  under  the  conditions — that  is,  in 
our  judgment.  If  a^ou  had  but  one  straight,  comparatively  short 
fit,  the  allowance  would  not  be  nearly  enough;  but  when  it  is 
so  long,  and  two  or  more  fits  to  be  made,  it  would,  as  we  said 
before,  seem  to  us  that  yonr  former  allowance  was  sufficient." 


'^  We  believe  that  the  proposed  allowance  mentioned  in  your 
circular  would  be  saf ef  than  the  present  allowance. 


J5 


"  We  entirely  agree  with  you  that  your  present  allowance  is 
not  at  all  sufficient,  and  as  a  matter  of  fact,  we  have  invariably 
made  a  rule  at  our  works  to  leave  our  shafts  at  least  .001  inch 
larger  than  the  requirements  suggested  by  you. 

"  As  we  are  very  seldom  interested  in  fits  less  than  12  inches, 
we  take  the  liberty  of  suggesting  that  all  the  allowances  pro- 
posed from  12  to  18  inches  are,  in  our  opinion,  at  least  .003 
inch  too  small  still;  in  other  words,  in  fits  from  12  to  15  inches 
we  would  allow  .008  inch,  and  15  to  18  inches  we  would  allow 
.0085  inch,  and  above  18  inches  we  would  allow  .009  inch. 

''  [n  fact,  we  make  greater  allowances  than  this  on  our  fly- 
wheel discs,  which  are  forced  on  under  very  similar  strain,  and 
we  may  say  that  the  allowances  made  by  the  Westinghouse  com- 
pany, on  similar  fits,  are  generally  slightly  greater  than  the 
additions  we  have  suggested  to  your  proposed  allowances." 


"  We  think  the  proposed  allowance  will  be  more  satisfactory. 
Even  with  the  increase,  the  allowance  is  away  below  the  ordi- 
nary practice  on  general  work.  Of  course  your  reason  for  keep- 
ing allowance  so  small  on  account  of  poor  facilities  in  many 
power  stations  is  well  founded,  but  we  think  there  will  be  very 
little  trouble  on  that  score  on  account  of  the  change.     We  find 
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thai  our  slu)|)  has  hern  in  the  liahit  ul"  leaving-  lits  lor  (iviiaiiios 
on  engine  shafts  iibout  .(K)l  inch  hir<^i'r  than  your  gauges  I'c- 
tjuired." 

''  We  beg-  to  say  that  we  eannot  see  that  the  proposed  ehange 
will  be  altogether  out  of  ])lace,  altliough  we  feel  that  it  would 
increase  very  much  the  ditliculty  of  erection  on  the  road. 

"We  fre(}uently  lind  that  with  the  allowances  that  you  make 
at  ])resent  that  the  shafts  have  to  be,  in  many  cases,  draw-liled 
before  it  is  possible  to  get  the  armature  on." 


*'In  our  experience  the  present  allowances  seem  quite  suffi- 
cient. If,  how^ever,  you  have  had  considerable  trouble  of  late, 
mav  it  not  be  that  vou  do  not  ^et  diameter  of  shaft  ii:ivini''  tlie 
allowance  now  called  for?  If  it  is  necessary  to  s])ecify  .(Xi(»  inch 
in  order  to  get  actually  .004  inch,  there  is  possibly  no  harm  in 
doing  so  with  those  ])eople  Avhom  you  find  skimping  their  dimen- 
sions. It  certainly  seems  to  us  that  3'our  present  idlowance,  if 
lived  up  to,  should  be  quite  satisfactory." 


a 


Our  allowances  are  on  an  average  40  ])er  cent,  greater  than 
your  proposed  allowance.  This  is  for  wheel  hubs,  cranks  and 
crank-pins.  The  length  of  the  hub  of  any  piece  of  cast-iron  is 
a  great  factor  in  determining  the  allowance.  A  hard  casting, 
in  our  experience,  needs  but  one-half  that  of  a  soft  one.  AVe 
allow  for  a  hard  casting  18  inches  bore  and  14  inches  length  of 
hub,  .007  inch,  and  for  a  soft  casting  .014  to  obtain  about  75 
tons  pressure." 

"  So  far  as  our  experience  extends,  w^e  have  found  the  present 
allowances  between  armature  bore  and  shaft  diameter  ample  for 
pressing  fit,  and  do  not  know  a  case  where  the  armature  has 
worked  loose  on  one  of  our  shafts.  To  increase  materially  this 
pressure  for  shafts  of  given  sizes  would,  in  our  opinion,  increase 
the  chances  of  damage  to  the  shafts,  and  we  feel  that  this  risk  is 
at  present  great  enough." 

Mr.  John  Caldev. — I  think  the  author  of  the  paper  has  re- 
ceived from  various  manufacturers,  using  very  different  kinds 
of  machinery,  a  great  deal  of  data.  It  so  happens  that  my 
work,  being  connected  with  very  exact  fits  and  duplicate  parts, 
has  been  such  as  to  enable  me  to  construct  a  table  for  my  own 
work  (see  table  appended),  and  I  have  compared  it  very  carefully 
with  the  one  given  at  the  end  of  this  paper;  it  may  be  of  inter- 
est to  state  one  or  two  of  the  results. 
76 
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.  Takino-  tlu^  driving-  Ills,  I  lind  that  Mr.  Moore's  formula 

,000  ~ 


is  equivalent  to  my  ' 


\1,00(1 


[) 

—      ^  ~    f 

/ 

The  forniuUe  are  identical  in  this  respect,  and  I  can  confirm  the 
value  of  the  (igures  regarding  the  ''  driving  fits/'  \x\.  the  "  forc- 
ing" or  '^  press  fits,"  however,  the  allowance  given  by  ^Mr. 
Moore  for  excess  diameter  of  shaft  is  too  great.  His  formula 
reduced  to  the  form  we  use  would  be  ^-^-^  D  +  tu o o o?  wliereas 
we  use  only  -^-^-^  D  +  yAo  ^^^^  ^^^^  i^  ample,  the  pressure  l)eing 
from  15  to  22  tons  to  press  up.  Anything  greater  would  l)urst 
the  hubs  of  ordinarv  Avheels.  Mr.  Moore's  ''shrinkin"-  fit" 
allowance,  in  fact,  is  identical  with  our  "  ])ress  "  lit  limits.  In 
the  "running  fits,"  the  formula  given  by  Mr.  Moore  gives  a 
four  times  finer  fit  than  is  ordinarily  used  by  us — say,  on  small 
trucks  and  industrial  railway  Avork,  it  seems  to  me  that  such  fine 
running  fits  as  are  given  by  the  author  are  quite"  impracticable. 
The  "driving  fits"  are  identical  Avitli  our  practice,  and  give  a 
good  result;  the  "press  fit"  being  only  half  the  allowance  we 
give,  and  the  "  running  fit  "  being  far  too  fine  for  ordinary  work. 
Mr.  Mc  George. — I  would  like  to  ask  some  questions  perha])s 
not  directly  connected  with  fits.  First,  is  it  advisable  to  mark 
upon  the  drawings  the  different  kinds  of  fits,  or  should  tins 
be  left  entirely  to  the  shop  foreman?  I  have  been  seriously 
considerino:  some  method  bv  which  we  could  instruct  the  men  in 
the  shop  where  to  leave  these  different  kinds  of  fits.  One  par- 
ticular instance  that  I  have  in  mind  is  this:  Some  laro:e  rollino- 
mill  tables  were  made  with  cast-iron  sides  and  Avith  square 
brasses  let  into  them  (the  great  trouble  with  nearly  all  this  class 
of  machinery  is  making  too  fine  fits),  and  y^^  of  an  inch  was  left 
between  the  size  of  the  brasses  and  the  size  of  the  openings  in 
the  cast-iron.  That  is,  the  opening  was  made  of  the  exact  size, 
and  the  brass  was  shaped  ^i^  of  an  inch  smaller  so  that  it  would 
go  in  freely.  I  know  from  my  own  personal  experience  that  the 
first  time  thev  were  taken  out  thev  would  be  tiiifht  and  have  to 
be  pulled  out.  The  inspector  objected  very  strongly  to  what  he 
called  slipshod  fitting,  but  I  think  any  one  who  has  had  very 
much  experience  will  agree  that  it  was  not  at  all  slipshod  fit- 
ting.     IS'ow,   the  question  I  would  like  to  ask  about  that  is: 
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Should  that  have  been  left  to  the  shop  foreman,  or  should  it  have 
been  indicated  upon  the  drawing?  You  get  upon  a  shaft  a 
great  number  of  different  kinds  of  fits.  You  get  a  wheel  pressed 
on — a  press  fit;  you  get  a  journal — a  running  fit;  you  get  a 
loose  pulley;  you  get  a  wheel  that  you  want  to  take  off  occa- 
sionally, which  is  a  sliding  fit.  Now,  how  should  all  those 
things  be  indicated;  should  that  be  done  in  the  shop,  or  indi- 
cated on  the  various  parts  that  go  on  the  shaft  ? 

Mr.  Fred  J.  Miller. — In  respect  to  the  question  asked  by  Mr. 
McGeorge,  as  to  whether  the  character  of  the  fits  in  a  given  case 
should  be  stated  upon  the  drawing  or  should  be  left  to  the  shop 
foreman,  I  would  say  that  that  is  one  of  the  questions  which  is 
being  discussed  a  great  deal.  I  have  given  some  attention  to  it, 
and  my  conclusion  is  that  you  cannot  lay  down  a  rule  which  will 
always  be  right  in  every  case,  because  so  much  depends  upon 
the  character  of  the  work.  If  there  is  any  one  in  the  shop  who 
knows  all  about  the  kind  of  work  that  is  to  be  done — if,  for  in- 
stance, the  shop  foreman  is  the  only  man  in  the  works  who 
knows  what  kind  of  fits  should  be  made  on  a  machine,  then  he 
is  the  one  to  decide  that  question  ;  and  if  ifc  is  desirable  to  state 
it  on  the  drawings,  then  the  draughtsman  should  consult  the 
shop  foreman  before  he  puts  the  information  on  the  drawings. 
In  many  cases,  of  course,  it  is  not  important  that  the  kind  of 
fits  made  in  a  given  case  should  be  a  matter  of  record;  if  it  is 
not  important  then  it  is  left  to  the  foreman,  and  he  makes  the 
fits  which  he  thinks  are  proper.  In  other  cases,  however,  where 
machines  are  being  made  over  and  over  again,  or,  regularly 
manufactured,  it  is  important  to  know  in  each  case  without  hav- 
ing to  consult  the  foreman,  and  in  such  cases  I  believe  the  record 
should  be  made  on  the  drawing;  but  only  after  consultation 
with  some  one  who  knows  what  sort  of  fits  should  be  made. 

As  to  whether  variations  in  size  for  fitting  should  be  made  on 
the  shaft  or  in  the  parts  fitted  to  the  shaft,  I  think  that  ])ractice 
seems  to  have  settled  that  those  variations  should  always  be 
made  on  the  shaft,  simply  because  we  have  the  tools  made  for 
producing  the  holes;  they  are  usually  in  the  form  of  reamers, 
which  determine  the  size  of  the  holes  to  be  made,  and  which 
cannot  be  altered  very  well.  The  usual  best  practice  is  to  main- 
tain the  holes  as  near  the  standard  as  the  character  of  the  work 
will  permit,  and  then  to  make  on  the  shaft  the  variations  for  the 
different  fits  required,  the  shaft  being  always  finished  by  grind- 
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ing  or  cutting  tools,  whicli  can   he  ivjulily  adjusted  witliout  tlic 
alteration  of  any  tool  that  is  intended  to  i)e  a  lixeil  standard. 

2lt\  A.  E.  JoJmj<im. — The  last  spciiker  nientione<l  the  desira- 
bility of  maintaining  the  female  as  the  standard,  and  reducing 
the  male  for  clearance.  While  this  seems  the  only  practical 
wav  to  handle  a  standard,  vet  oceasionallv  a  shaft  must  main- 
tain  a  size  continuously  through  its  bearings,  and  ]>erha|)s  several 
other  parts.  AVe  liave  sometimes  in  this  case  reduced  the  shaft 
uniformly  to  give  the  miiiinmm  clearance  desired,  and  enlarged 
the  holes  in  the  other  parts  to  give  the  clearance  desired  in  them. 

AVe  once  heard  it  stated  that  the  Baldwin  Locomotive  Works 
could  send  out  anv  part  for  a  machine  twentv  vears  old  and 
have  it  fit.  When  we  undertake  any  such  standardization  in 
manufacture,  it  would  seem  necessary  to  first  decide  what  ''  tol- 
erances" or  variations,  plus  or  minus,  in  the  nominal  dimensions 
can  be  allowed,  so  that  they,  when  combined  with  the  nominal 
clearances  for  anv  o^iven  size,  will  crive  variations,  or  maximum 
and  minimum  clearances  within  reason. 

AYe  submit  a  study  diagram  and  table  for  comparison  with  the 
free  fits  given  by  Mr.  Moore.  From  this  diagram  and  all  others, 
we  have  seen  it  would  seem  impractical  to  use  straight  lines, 
because  of  the  difficultv  of  combininfr  the  tolerances  on  the 
female  and  clearance  lines,  and  not  have  them  converge  or  give 
a  less  minimum  clearance  on  the  larger  sizes — e.g.,  the  4-inch  as 
well  as  the  20-inch  size  has  in  this  case  .0026-inch  minimum 
clearance.  It  will  be  noted  that  our  '^tolerance''  (see  seventh 
column  on  p.  1172  of  Mr.  Moore's  paper)  is  for  1-inch  size  .007 
inch,  8-inch  size  .0014  inch,  and  20-inch  size  .0026  inch;  surely 
much  work  could  be  manufactured  move  cheaply  with  a  toler- 
ance twice  this,  and  again  some  would  require  half  of  this.  For 
nominal  clearances  for  ordinary  and  journal  fits  (see  sixth  col- 
umn in  Mr.  Moore's  table)  we  allowed  for  1-inch  size  .0079  inch. 
S-inch  size  .0107  inch,  and  20-inch  size  .0155  inch,  and  for  mini- 
mum practical  free  fits,  for  1-inch  size  .004  inch,  S-inch  size 
.0054  inch,  and  for  20-inch  size  .0078  inch.  When  we  come  to 
assemble  we  have  for  8-inch  size  in  ordinary  fits  a  variation  of 
from  .0079  inch  to  .nl35  inch  in  the  amount  of  clearance,  and  in 
the  1-inch  size  a  variation  of  from  .0065  inch  to  .0093  inch.  In 
the  minimum  free  fits  we  find  in  the  1  S-inch  size  a  variation  of 
from  .0026  inch  to  .0122  inch.  In  laying  out  these  lines  it  was 
attempted  to  so  place  them  that  the  ••tolerances"  and  clear- 


1188 


FITS   AND   FITTING. 


1 

1 
1 

/ 

/ 

/ 

/05 

00    , 

1 

1 

/ 
/ 
/ 

ja-i 

«- 

V 

s 

I 

/ 
/ 

o/ 

1 

o 

o 

to 

1 

1 
1 

cb/ 

61 

1 

S 
o 

o/o 

in 

1 

1 

1 

1 

SI 
1/ 

o 
C3    M 

1  ^ 

O 
en 

^ 

1 

/ 

-4" 

^1 
^1 

/I 

'•i; 

u 
o 

11 

/ 

/  ^ 

/2 

1  in 

o   > 

.2 

o 

a 

OJ 

1  <^ 

/ 

/I 

/(^J 

meter, 
nee  — 

'  a 

o"        / 

/ 

O           / 

<= 

1       «| 

1 

1  / 

^            1 

Ml  / 

2 
< 

1 

o         / 

s    / 

a      j 

/a 

7 

Q 

1 

/ 

/ 
/  , 

/ 

o 
z 
< 

q: 

O 

"5 

"'     \ 

/ 

/ 

j  1 

'/  , 

UJ 

_i 
O 

!aoLU 

/ 

1 

/ 

/  / 

"J  CO 

A.E.Johnson, 

' 

1 

f 

\      1 
/     / 

j 

o 
z 
< 

cr 
u 

/     / 
/     / 

1 

o 

H 
n 

C3 

1  / 

/    / 

cr 
< 

Q 

Z 

I 

1  / 

1 
1   / 

1- 
CO 

'/ 

/  / 

/ 

0 

\   ' 

J 

/ 

1/ 

Fig.  243. 


ances  could  be  either  halved  or  doubled,  enabling  the  constructor 
to  the  more  readily  meet  the  requirements  of  different  cases.  It 
goes  without  saying  that  the  most  practical  constructor  in  a 
manufacturing  establishment  is  the  man  to  be  in  charge  of  the 
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(losignors  in  the  dniwin^^-rooin,  and  also  thai  llic  dia^^i-niis  and 
tables  ^vill  secure  unifoi'niity  in  work  and  data  up(jn  wliicli  to 
make  further  niodidcations.  Any  attempt  to  design  witlwjut  tbem 
leads  not  onlv  to  variations  in  lits  on  each  new  macliine  desiirned, 
hut  h)ss  of  time  guessing  wliat  we  will  allow  for  tliis  and  that  fit. 
AV(^  hope  to  submit  a  more  workable  diagram  and  table  in  the 
future. 

STANDARD  CLEARANCE  AND  TOLERANCE  TABLE. 


FEMALE. 


SlZE^i 


Max.    Miu 


.C505 
.3155 

.5006 
.6'Jr,0 
.750G 

.8756 


.'-.495 
.3745 

.4994 
.6244 
.7494 

.8744 


Diameter 

and 
Tolerance. 


MALE. 


±  .0003 
'   .0004 

.25    ±  .0005 

.375 

.5      ±.0006 

.625 

.75 

.875 


1.0007    .9993  1.        ±.0007 
1.125T  1.1243,1.125 
1.2507]  1.2493  1.25 
1.3757,1.3743  1.375 


1.. 5007  1.4903 
1.62.-J7 1 1.6243 
1.7507  1.7493 
1.8757  1.8743 


1.5      ±.0007 

1.625 

1.75 

1.875 


2.0008  1.9992  2.        ±.0008 
2.2:)08  2.2492'2.25 
2. .500812. 499212. 5 
2.7508:2.7492  2.75 


3.0009  2.9991 
3. 2509 i 3. 2491 
3.. 5009  3.4991 
3.7509  3.7491 


3. 

3.25 
3.5 
3.75 


.0009 


±.0010 


4.0010  3.9990  4. 
4.2.510  4.2-190  4.25 
4.5010  4.4990j4.5 
4.7510|4.7490  4.75 


5.0011-4.9989  5.        ±.0011 
5.2.51115.2489  5.25  -  * 

5.5011  5.4989  5.5 
5.7511i5.7489  5.75 

6.0012  5.9988  6.        ±.0012 
6.2512  6.2488  6.25 


6.5012  6.4988 
6.7512,6.7488 

7. (X)13  6.9987 
7.00137.2487 
7.50137.4987 
7.7513:7.7487 

8.00147.9986 


(5.5 
6.75 


7.25 

7.5 

7.75 


^  .0013 


Ordinart  and  Journal  Fits. 


Clear- 
ances. 


.(076 
.0076 

.0077 
.0077 
.0078 
.0078 

.0079 
.0079 
.0080 
.0080 

.0081 
.0081 
.0082 
.0082 

.0083 
.0084 
.0085 
.0086 

.0087 
.0088 
.0089 
.0090 

.0091 
.0092 
.0093 
.0094 

.0095 
.0096 
.0097 
.0098 

.0099 
.0100 
.0101 
.0102 

.0103 
.0104 
.0105 
.0106 


±  .0014      .0107 


Sizes. 


Max.    Min 


Clearance, 


Max.    Min. 


.242't    .2419  .0086 
.36.9    .3009,.  0086 

.4929  .4917.0089 

.6179  .016;'. (1089 

.7428  .7416;.009>) 

.8678  .8606  .0090 

.9928  .9914'. 0093 
1.1178  1.11641.0093 
1.2427  1.2413  .0094 
1.3677,1.366:31.0094 


.0006 
.0066 

.0065 
.0065 
.0068 
.0068 

.0065 
.0065 

.oo»;6 

.0066 


1.4926  1.4912'. 0095  .0067 

1.6176  1.6 162  .0095  .0067 

1.7425  1  7411  .0096  .0038 

1.8675,1.8661  .0096  .0068 

1.9925  1.9909.0099  .0067 

2.2424  2. 24(J8  .(>1(.0  I.CCCS 


MiNiMfM  Free  Fits 


Clear- 
ances. 


2.4923  2.49071.0101 
2.7422  2.7406  .0102 


2.9922  2.9904 
3.2421  3.2403 
3.4920  3. 4!102 
3.7419  3.7401 

I     I 

3.99193. 


,2418  4 
.4917  4 
,74164 

I 

,9916  4 

2415  5. 

5.4914  T, 

5.7413  5 


9899 
2398, 

4897 
7396 

98941 
2393 
4 -'92 
7391 


5.9913  5. 98S9 
6.2412  6.2^388 
6.4911  6.4887 
6.74106.7386 

6.9910  6.9884' 

7.2419  7.2:383 

.4908  7.4882 

.7407  7.7381 


.0105 
.0106 
.0107 
.0108 

.0111 
.0112 
.0113 
.0114 

.0117 
.0118 
.0119 
.0120 

.0123 

.0124 
.0125 
.0126 

.0129 
.01:30 
.01.31 
.01:32 


.0069 
.0070 

.0009 
.0070 
.0071 
.0072 

.0071 
.0072 
.0073 
.0074 

.0073 
.0074 
.0075 
.0076 

.0075 
.0070 
.0077 
.0078 

.0077 
.0078 
.0079 
.0080 


.9907|7. 9879  .0135  1.0079 


.00:38 
.0038 

.00:39 
.0:1.39 
.(»  :39 
.00:39 

.0040 
.0040 
.0040 
.0040 

.0041 
.0041 
.0041 
.0041 

.0042 

.0042 
.0043 
.0043 

.0044 
.0044 
.0045 
,0045 

.0046 
.0046 
.0047 
.0047 

.0048 
.0048 
.0049 
.0049 

.00.50 
.00.50 
.0051 
.0051 

.00.52 
.00.52 
.00.53 
.0053 

.0(J54 


SlZF> 


Max.    Min 


.2467 
.:3717 


.24.37 
.:37U. 


Clearance. 


Max.    Min 


.4967  .495.: 

.6217,  .6205 

.7467'  .7455 

.86171  .8605 


.0048 
.0048 

.00.51 
.0051 
.0C51 
.0051 

9967  .9953  .0054 

1.1217  1.1203  .(K;r>4 

1.2467  1.24.';3  .0<i.54 

1.3717  1.3703  .0054 

I 

1.496!!  1.49.52  .0055 

1.6216  l.(;202  .00.55 

1.7466  1.74.52  .0055 

1.8716  1.8702  0055 

1.9966  1.9950  .0058 
2.2166  2.24.511  .0058 
2.4965  2.4(^49  .0059 
2.7465  2.7449  .0059 

I     I 
2.9965  2.9947  .0062 
3.24»i5  3.2447  .0062 
3.4904  3.4946  .OrG3 
3.74(54  3.7446  .0063 

I 

3.9964  3.9944  .0066 

4.24(14  4.2444  .0066 

4963  4.4943  ,0(.6r 

4.74(5:3  4.7443  .0037 

I     I 
4.9963  4.9941  .0070 
5.24(53  5.2441  .0070 
5.4962  5.4940  .0071 
5.7462  5.7440  .0071 

5.9962  5.9938  .0074 
6.2462  6.24.3'^  .0074 
6.4961  6.49.37  .0075 
6.7461  6.74:37  0075 

I 
6.9961  6. 99.35 '.0078 
7.2461  7.2435  .0078 
7.4960  7.49:34  .0079 
7.7460  7.74.34  .0079 

7.9960  7.9932  .0082 


.0028 
.0028 

.0027 
.0027 
.0027 
.0027 

.0026 
.((020 
.(;026 
.0026 

.0027 
.0027 
.0027 
.0027 

.0026 
.0<'26 
.0027 
.C077 

.0026 
.0026 
.0027 
.0027 

.0026 
.0026 
.0027 
.0027 

.(026 
.fK»26 
.0027 
.0027 

.0026 
.0026 
.0027 
.002r 

.0026 

.0026 
.0027 
.0027 

.0026 


For  ver}-  close  work  the  Tolerance  may  be  halved. 
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FITS   AND   FITTING. 


Mr.  John  Calder. — About  a  year  ago  the  question  came  up 
where  I  ain  engaged  as  to  just  what  are  the  proper  "  fits,"  how 
tliey  are  to  be  recorded,  and  so  on.     The  foreman  of  the  shops 


Standard  Threads 
Wrench  Tight 
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did  not  know,  the  head  draughtsman  did  not  know,  nor  did  any 
of  the  draughtsmen  in  the  office  know — in  fact,  nobody  knew. 
We  asked  the  men,  but  could  find  out  nothing.  After  some 
consideration  and  investigation  among  the  outside  erectors  and 
users  of  machinery,  we  drew  up  tables,  had  them  printed,  and 
then  appointed  one  of  the  draughtsmen  in  the  draughting-roora 
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to  att<>n(l  to  thom.  Those  tables  wore  edited  fniiii  time  to  time 
as  (\\[)erience  directed,  and  attci-  lir  was  tlioroughly  conversant 
with  all  the  facts,  we  instituted  a  **  limit"  system.  Every 
draughtsman  put  u])on  his  drawings — '^i\  inches  bv  4«>  inches — 
eight  numbers,  the  slieet  was  divided  into  eight  dilTerent  draw- 
ings, the  original  tracing  was  kept,  and  the  blue-])rint  was  cut 
up  along  the  margin  lines,  so  that  each  machinist  had  only  a 
little  drawing,  lU  by  IS  inches,  of  related  parts  to  look  at,  with 
nothing  but  machining  dimensions  thereon,  the  original  paper 
drawing  alone  bearing  pattern  maker's  figures.  The ''limit'' 
man  receives  every  drawing  from  the  draughtsmen,  with  nom- 
inal sizes  on  same,  and  he  adds  the  limiting  decimals  for  each 
class  of  fits,  either  above  or  below  the  line  (see  Fig.  244). 

In  regard  to  the  shafts  (see  table)  for  all  fits  except  '^  paral- 
lel"  shafts  and  bushings,  the  holes  are  always  changed,  and  the 
shafts  remain  standard  in  dimensions.  AYe  have  had  this  svstem 
in  operation  now^  for  about  a  year,  and  it  works  very  well 
indeed. 

J//'.  Stanhi/  II.  ^lonn/" — Owing  to  an  unavoidable  and  de- 
plorable lack  of  time  the  author  is  unable,  at  this  writing,  to 
give  to  the  criticisms  of  his  paper  the  attention  which  they 
require. 

In  reply  to  Mr.  Eiddell's  criticism,  the  author  wishes  to  state 
that  ill  placing  before  us  his  deductions  and  the  replies  to  his 
circular  letter,  he  has  added  matter  of  considerable  value  to  the 
discussion;  however,  the  author  does  not  stop  to  take  up  in  de- 
tail his  deductions  and  proposed  chart,  but  calls  the  attention  of 
the  reader  to  the  very  instructive  and  significant  replies  from 
those  who  have  to  do  with  the  assembling  of  cranks  and  shafts 
and  fly-wheels  under  just  the  conditions  which  the  author's 
curves  assume.  A  dozen,  more  or  less,  believe  his  allowances  to 
be  too  small;  many  are  negative  or  evasive.  Avhile  six  or  seven 
believe  that  his  values  would  be  '"about  right;  '■  some  few  suff- 
gesting  that  the  '*  structure  of  your  armature''  be  such  as  to 
permit  the  use  of  greater  allowances.  One  concern  cites  the 
practice  of  the  Westinghouse  people,  stating  that  they  use  allow- 
ances on  similar  work  which  are  considerably  greater  than  those 
obtained  from  ITr.  EiddelFs  chart,  while  another  concern  uses 
values  for  similar  work  that  are  three  times  those  proposed. 

*  Author's  Closure,  under  the  Rules, 
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Mr.  Riddell  was  evidently  hasty  in  his  reading  of  the  author's 
sentence  relative  to  the  skill  and  experience  required  in  the 
niaiiipuhition  of  forcing  and  shrinking  fits.  AVitli  the  realiza- 
tion of  the  truth  of  his  statement  regarding  the  making  of  th3 
fit,  the  author  was  careful  to  state  that  it  is  in  the  manipulation 
of  shrinking  fits  that  the  greater  skill  is  required. 

To  Mr.  Calder's  criticism  of  the  values  for  forcing  fits,  the 
author  will  say,  as  he  must  likewise  say  to  all  other  criticism 
presented,  and  as  he  has  already  said  in  closing  the  paper,  that 
the  values  which  he  submitted  were  to  be  taken  as  a  guide,  and 
as  indicative  of  the  conditions  which  existed  in  the  data  which 
he  was  able  to  procure. 

In  closing,  the  author  wishes  to  heartily  thank  all  those  who 
have  given  the  time  and  labor  necessary  to  discuss  this  impor- 
tant subject,  and  to  further  state  again  that,  "  As  it  is  impossi- 
ble for  one  individual  to  secure  that  amount  of  information  from 
the  thousands  of  progressive  machine  shops  of  this  country,  nec- 
essary to  indicate  the  average  American  practice  in  this  direc- 
tion, the  greatest  value  of  this  paper  may  still  be  found  in  its 
discussion  by  those  who  know,  and  again  in  its  indication  of 
what  may  be  done  with  similar  masses  of  seemingly  chaotic 
data." 
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THE     EXPERIMENT    BOILER     OF    THE     OHIO    STATE 
UNIVERSITY,    WITH   RESULTS  OF  SOME  TRIALS. 

BY    E.   A.    HITCHCOCK,    COLUMBUS,    OHIO. 

(Member  of  tlie  Society.) 

1.  The  purpose  of  this  paper  is  not  only  for  the  presentation  of 
a  description  of  the  Ohio  State  University  Experimental  Boiler 
Plant,  which  the  writer  believes  will  be  of  general  interest,  but  to 
give  to  the  Society  some  of  the  results  that  have  been  obtained 
from  this  installation  by  a  series  of  trials  of  variable  lengths, 
differing  conditions  and  different  kinds  of  coal. 

Previous  to  the  year  1901  at  the  Ohio  State  University,  to  carry 
on  class  work  in  boiler  testing  and  to  conduct  boiler  fuel  trials,  it 
was  necessary  to  press  into  service  one  of  the  boilers  of  the  Uni- 
versity plant  at  such  time  as  it  was  available  and  under  the  con- 
ditions existing.  This  was  quite  a  serious  drawback  for  experi- 
mental work  in  that  there  would  necessarily  be  very  little  flexibility 
in  the  apparatus.  The  need  of  the  University  in  this  direction 
was  brought  to  the  attention  of  a  well-known  and  honored 
member  of  this  Society,  Stillman  W.  Robinson,  Emeritus  Professor 
of  Mechanical  Engineering,  who  not  only  established  the  Depart- 
ment of  Mechanical  Engineering  at  Ohio  State  University  and 
for  many  years  was  its  head,  but  was  the  originator,  I  believe,  of 
the  first  Mechanical  Engineering  Department  in  this  country  con- 
nected with  a  State  university,  that  at  Champaign,  111.  Although 
at  the  time  Professor  Robinson  was  not  actively  connected  wdth 
the  University,  yet  he  retained  such  an  active  interest  in  its 
growth  and  welfare  that  he  at  once  donated  to  the  Institution  a 
very  complete  outfit  for  boiler  and  fuel  testing. 

*  Presented  at  the  Saratoga  meetinsr  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  formicg  part  of  Volume  XXIV.  of  the  Tram 
actions. 
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Description. 

2.  This  equipment  consists  principally  of  a  Babcock  and  Wilcox 
boiler,  Green's  fuel  economizer,  air  heater,  and  Sturtevant  in- 
duced and  forced  draft  fans.  The  economizer,  which  is  of  the 
Green  Fuel  Company's  standard  make,  has  forty-eight  4^-inch 
diameter  cast  iron  tubes,  9  feet  long,  put  up  in  twelve  sections  of 
four  tubes  each,  giving  a  total  heating  surface  of  570  square  feet. 
The  scrapers  of  the  economizer  are  run  by  a  small  independent 
engine  located  on  top  of  the  economizer.  The  air  heater,  Fig.  250, 
which  was  constructed  in  the  Department  of  Mechanical  Engi- 


FiG.  245. 


neering,  is  made  of  three  hundred  and  fifty-one  2-inch  tubes,  8 
feet  long,  giving  a  heating  surface  of  1,330  square  feet.  The 
tubes  used  in  its  construction  were  condemned  locomotive  boiler 
tubes,  light  of  weight  but  perfectly  sound,  consequently  answering 
every  purpose  for  an  air  heater.  They  were  arranged  staggered 
2^  inches  vertical  and  3  inches  horizontal  pitch  expanded  into  the 
two  tube  sheets  as  shown.  On  account  of  the  very  irregular  ex- 
terior surface  of  these  tubes,  the  holes  in  the  tube  sheets  were 
punched  large  enough  to  allow  them  to  slip  easily  in  place  and  con- 
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sequciilly,  in  order  to  prevent  tubes  from  fracturing  wlien  expand- 
ing them  into  place,  it  was  necessary  to  use  sheet  iron  liners 
around  the  tubes  at  the  tube  sheets.  The  length  of  the  heater 
had  to  be  such  as  to  conform  to  the  only  available  practical  loca- 
tion, that  is,  just  to  the  rear  of  the  economizer.  The  boiler  is  of 
wrouglit  steel  construction  throughout,  built  for  a  working  pres- 
sure of  200  pounds,  and  has  fifty-six  4-inch  by  16-foot  tubes  and  a 
42-inch  diameter  drum,  giving  a  heating  surface  of  1,070  square 
feet,  or  a  builder's  rating  of  107  horse-power.  The  furnace  is 
of  the  "  Dutch  oven  "  or  fire  brick  arch  type  with  stationary  grates 
with  an  area  of  25  square  feet.  The  principal  reason  for  select- 
ing this  size  of  boiler  and  type  of  furnace  is  that  the  one  boiler  in 
the  University  plant  on  which  many  trials  have  been  conducted 
is  of  the  same  size,  with  the  exception  of  the  drum,  but  the 
furnace,  however,  is  of  the  automatic  stoker  Murphy  type,  with 
fire  brick  arch,  thereby  enabling  results  to  be  obtained  compar- 
ative of  the  two  forms  of  furnaces,  that  is,  hand  firing  versus 
automatic  stoking.  Even  if  the  above  conditions  had  not  existed, 
the  selection  of  the  same  type  of  furnace  would  have  been  made 
for  the  reason  that  the  hand  firing  method  is  best  suited  for  in- 
struction work  to  students  and  for  the  general  testing  of  all  kinds 
and  conditions  of  fuels,  and  also  that,  in  the  opinion  of  the  writer, 
every  boiler  furnace — stoker  or  hand  fired  where  bituminous  coal 
is  used — should  have  a  fire  brick  arch  extending  the  length  of 
the  grate  bars,  not  only  for  the  purpose  of  obtaining  high  furnace 
temperatures  and  more  complete  combustion,  but  because  the 
boiler-heating  surfaces  should  be  protected  from  the  gases  while 
in  the  state  of  combustion,  since  there  are  many  cases  in  practice 
where  there  has  been  heavy  depreciation  of  the  boiler-heating 
surfaces  located  directly  over  a  fire  of  high  rate  of  combustion 
with  high  volatile  coals  and  the  failures  could  be  attributed  to  no 
other  cause. 

The  induced  and  forced  draft  fans  are  the  B.  F.  Sturtevant 
centrifugal  steel  plate  type,  that  for  the  induced  draft  is  their 
Xo.  70  4S-inch  wdieel  with  4-inch  by  4-inch  direct  connected  ver- 
tical engine,  while  that  for  forced  draft  is  their  'No.  60  36-inch 
wheel  with  overhung  pulley,  belt  driven  by  an  independent  com- 
pound engine.     Both  fans  have  their  inner  journals  water  cooled. 

3.  Before  taking  up  the  description  of  the  arrangement  of  the 
apparatus,  I  ^^"ish  to  say  in  explanation  to  those  to  whom  the  ques- 
tion might  occur  of  why  such  an  arrangement  was  made,  that 
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there  was  only  one  place  available  for  the  placing  of  the  equip- 
ment, and  that  such  place  was  very  limited  in  floor  space — conse- 
quently it  can  not  be  assumed  that  the  best  possible  arrangement 
of  such  an  equipment  is  that  shown,  but  for  this  particular  case 
it  has  been  found,  after  nearly  three  years  of  service,  to  be  very 
convenient  for  manipulation  and  experimentation. 

4.  The  general  arrangement  of  the  testing  plant  is  shown  in 
Figs.  240,  247,  248  and  249.  The  furnace  sets  out  in  front  so  that 
the  front  of  the  bridge  wall  is  on  a  line  with  the  front  of  the  boiler 
and  the  arch  extending  1  foot  C  inches  beyond  the  end  of  the  grate 
bars,  thereby  leaving  that  space  which  in  the  ordinary  setting  is 
taken  up  mth  the  grate  bars  free  for  experimentation  by  the  in- 
sertion of  fire  brick  deflectors,  checker  work,  Kents  ''  wing  walls,'' 
etc.  At  the  rear  of  the  boiler  is  a  24-inch  by  36-inch  opening 
leading  to  the  main  boiler  house  flue,  controlled  by  a  vertical 
sliding  damper.  To  the  right  at  the  rear  are,  located  the  econ- 
omizer and  air  heater.  An  18-inch  by  48-inch  passage  with 
vertical  swinging  damper  connects  the  boiler  and  economizer. 
At  the  end  of  the  economizer  is  a  1  foot  by  9  foot  6  inch  opening 
to  air  heater,  and  at  end  of  air  heater  a  24-inch  by  36-inch  open- 
ing, controlled  by  sliding  damper  into  main  smoke  flue.  At  the 
entering  end  of  the  air  heater  is  an  18-inch  by  48-inch  opening 
connected  by  a  breeching  to  the  main  flue — this  opening  is  closed 
by  means  of  a  temporary  brick  wall  at  such  times  as  the  conditions 
of  the  trial  demand.  At  the  exit  end  of  the  air  heater  there  is 
also  an  18-inch  by  48-inch  opening  in  the  wall  between  air  heater 
and  boiler,  closed  by  a  temporary  brick  wall.  In  the  main  boiler 
flue  is  a  24-inch  by  36-inch  damper  for  cutting  off  or  regulating 
the  natural  draft  produced  by  the  boiler  house  chimney. 

IN^ear  the  junction  of  the  boiler  and  economizer  wall  is  a  24- 
inch  by  24-inch  opening  in  the  floor,  connecting  into  an  under- 
ground brick  flue  passing  beneath  the  economizer  to  the  space 
below  the  air  heater  between  the  tube  sheet  and  the  air  heater 
partition.  On  the  other  side  of  this  partition,  connecting  into  a 
chamber  below  the  heater,  is  another  brick  duct  leading  to  a  27^- 
inch  galvanized  iron  elbow  connecting  to  the  forced  draft  fan. 
This  elbow  can  be  very  easily  removed  so  that  air  can  be  taken 
direct  from  the  boiler  room  without  the  intervention  of  the  air 
heater.  A  22|-inch  galvanized  iron  flue  connects  the  fan  with  an 
opening  under  the  furnace  bridge  wall,  which  has  its  outlet  into 
the  ash  pit  through  a  17-inch  by  29-inch  opening  controlled  by  a 
damper. 
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Hitchcock,  E.A, 


Fig.  246. 
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Uitchcock,  E.A. 


Fig.  249. 


6.  The  induced  draft  fan  is  located  above  the  boiler  and  to  the 
rear,  supported  on  a  brick  arch  of  6  feet  6  inch  span,  sprung  be- 
tween two  10-inch  channels  held  bj  six  f-inch  tie-rods.  The 
whole  rests  on  two  6-inch  I  beams  supported  by  the  boiler  house 
wall  and  the  boiler  channels.  The  point  of  support,  however,  on 
the  boiler  channels  is  directly  over  the  boiler  rear  suspensions 
columns  so  as  to  avoid  any  transmission  of  engine  vibration  to  the 
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boiler,  and  this  has  been  found  to  be  the  case  with  the  engine 
running  as  high  as  500  revolutions  per  minute. 

A  30-ineh  iron  duct  connects  the  main  smoke  flue  at  the  rear  of 
the  boiler  with  the  fan  which  discharges  the  gases  to  the  atmos- 
phere through  a  254-inch  horizontal  duct  passing  through  the 
boiler  house  wall.  The  30-inch  flue  has  a  swinging  damper  near 
its  connection  to  the  fan,  this  damper,  of  course,  being  closed 
when  using  natural  draft. 

6.  Above  and  to  the  front  of  the  boiler,  supported  by  the  I 
beams  which  support  the  coal  conveying  machinery  and  hoppers,  is 
the  water  weighing  tank  and  scales.  This  tank  can  be  filled  with 
either  hot  or  cold  water,  has  a  capacity  of  2,100  pounds,  and  opens 
through  a  quick  opening  valve  into  a  collecting  tank  of  6,000 
pounds  capacity,  suspended  underneath.  This  collecting  tank, 
which  is  covered,  has  two  floats,  one  for  use  on  ground  floor  as 
well  as  one  on  the  platform,  and  also  an  overflow  pipe  extending 
verticallv  throu2:h  the  bottom  of  the  tank  to  within  two  inches  of 
the  top.  A  pipe  connects  this  overflow  to  a  collecting  can  on  the 
ground  floor — for  the  collection  of  any  water  that  might  run  out 
of  the  overflow  while  a  test  was  in  progress. 

A  Knowles  8-inch  and  5-inch  by  10-inch  plunger  pump  is  used 
for  feeding,  either  direct  into  the  boiler  or  by  the  way  of  the 
economizer.  The  feed  line  is  so  arranged  that  this  pump  with  its 
accessories  may  be  used  for  any  other  boiler  in  the  plant.  The 
steam  line  from  the  boiler  has  in  it  a  5-inch  Stratton  separator 
and  a  5-inch  extra  heavy  globe  valve,  conveniently  located  for 
manipulation  so  that  the  steam  pressure  on  the  boiler  may  be 
controlled  regardless  of  that  on  the  down  side.  There  is  also  a 
3-inch  auxiliary  line  for  the  purpose  of  blowing  steam  into  the 
atmosphere. 

To  guard  against  losses  through  the  blow-oif,  there  are  two 
valves  in  the  line  and  also  a  union  between  the  valves  where  a 
blank  flange  may  be  inserted  in  case  there  is  a  possible  leak 
through  both  valves. 

To  the  front  of  the  boiler  drum,  in  addition  to  the  regular  water 
column  with  gauge  cocks  and  glass,  there  is  connected  a  Reliance 
high  and  low  water  alarm. 

All  steam  and  hot  water  piping  is  covered  with  Keasby  and  Mat- 
tison  magnesia  covering,  the  top  of  the  economizer  with  magnesia 
blocking,  and  the  sliding  door  in  front  of  the  air  heater  with  their 
air  cell  paper.     In  bricking  in  the   equipment   there   were   no 
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special  features  introduced  in  the  way  of  special  brick,  air  spaces, 
etc.,  since  it  was  the  purpose  to  have  all  things  conform  as  near  as 
possible  to  what  universally  prevails  in  practice. 

7.  From  the  arrangement  shown  and  the  description  given,  it 
will  be  seen  that  the  principal  possibilities  for  experimentation  are 
as  follows : 

1.  Boiler  with  natural  draft. 

2.  Boiler  with  induced  draft. 

3.  Boiler  with  forced  dr  .ft. 

4.  Boiler  and  economizer  with  natural  draft. 

5.  Boiler  and  economizer  with  forced  draft. 

G.  Boiler  and  economizer  with  induced  draft. 

7.  Boiler,  economizer  and  air  heater  with  natural  draft. 

8.  Boiler,  economizer  and  air  heater  with  induced  draft. 

9.  Boiler,  economizer  and  air  heater  with  forced  draft. 

10.  Boiler  and  air  heater  with  natural  draft,  forced  draft  fan 
being  used. 

11.  Boiler  and  air  heater  with  induced  draft,  forced  draft  fan 
being  used. 

12.  Boiler  and  air  heater  with  strong  induced  draft  alone. 

13.  Boiler  with  different  grate  areas  under  any  of  the  above 
combinations. 

14.  Boiler,  economizer  and  air  heater,  products  of  combustion, 
making  two  passes  through  the  latter,  lower  and  then  upper  half. 

15.  Boiler  with  different  steam  pressures  from  0  to  200  pounds. 
This  equipment  was  installed  under  the  supervision  of  Wm. 

C.  McCracken,  during  April  and  May  of  1900,  but  on  account  of 
the  many  details  necessary  for  experimental  work,  was  not  com- 
pleted until  February  of  1901.  At  this  time,  A.  J.  Boehme,  G-. 
R.  Bott  and  J.  S.  Wilson,  members  of  the  senior  class  in  Mechan- 
ical Fngineering  for  graduation  thesis,  carried  on  under  the 
direction  of  the  writer  a  series  of  tests  on  this  equipment  for  the 
purpose  of  determining  principally  the  gain  in  efficiency,  due  to 
the  economizer  and  air  heater,  and  the  efficiency  of  the  plant  as  a 
whole. 

Apparatus  Employed, 

8.  Draft  gauges  were  connected  to  the  ash  pit,  to  the  combus- 
tion chamber  back  of  the  bridge  wall,  to  the  space  at  the  end  of 
boiler,  to  passages  entering  and  leaving  the  economizer  and  to 
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space  at  the  end  of  the  air  heater.  The  draft  ^auj^c  at  the  end  of 
the  boih^r  was  of  the  differential  type,  the  licpiids  being  alcohol  and 
coal  oil.  liolunann  ife  Maurer  mercurial  ])yronieters  were  used 
for  obtaining  tlue  gas  tenii)eratures  leaving  boiler  and  econ- 
omizer. For  obtaining  the  Hue  gas  temperature  at  the  end  of  the 
air  heater,  since  it  was  im})0ssible  bv  means  of  a  pyrometer  to 
reach  the  proper  point  for  obtaining  such  temperature,  a  ther- 
mometer was  encased  in  an  iron  tube  with  side  cut  away  for  read- 
ing, the  thermometer  bulb  being  encased  in  a  ])iece  of  brass  :j  inch 
diameter  and  2|  inches  long,  in  order  that  the  thermometer  would 
remain  constant  for  several  seconds  after  removal  from  the  flue. 

9.  Thermometers  were  used  for  taking  the  temperature  of  the 
air  entering  the  air  heater,  on  entering  the  elbow  connected  to  tlie 
forced  draft  fan  and  on  entering  the  ash  pit,  also  the  feed  water 
on  entering  and  leaving  the  economizer  and  on  entrance  to  the 
boiler  drum.      Thermometers  were  also  inserted  in  the  boiler  wall 
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at  depths  of  three-quarters,  one-half  and  one-quarter  of  its  thick- 
ness, the  three  thermometers  being  within  a  radius  of  3  inches 
and  located,  as  shown  in  Fig.  2-1:8,  35  inches  to  the  rear  of  and 
62  inches  below  the  top  of  the  front  suspension  column. 

10.  Two  pressure  gauges  were  connected  to  the  5-inch  line 
above  the  boiler,  one  above  and  one  below^  the  throttling  valve,  and 
also  a  Barrus  calorimeter  to  the  vertical  line,  3^  feet  above  the 
drum. 
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11.  For  analyzing  flue  gases,  the  Orsat  apparatus  was  used,  the 
sample  being  drawn  continuously  by  means  of  either  a  water  or 
steam  aspirator  through  a  J-inch  sampling  pipe,  which  in  turn  con- 
nects to  the  sampling  tube  extending  across  either  the  opening  to 
the  main  smoke  flue  or  the  one  to  the  economizer,  as  occasion 
demands.  The  form  of  sampling  tube  used  is  a  f-inch  pipe 
plugged  at  one  end  and  has  1-16-inch  holes  6  inches  apart  drilled 
along  the  side  which  faces  down  stream.     This  form  of  tube  has 
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been  found  by  Professor  X.  W.  Lord  to  draw  an  average  sample, 
and  is  the  same  form  that  has  been  in  use  by  him  and  the  writer 
for  the  past  nine  years.  There  is  also  connected  to  the  boiler  on 
a  separate  sampling  line  and  tube,  an  Arndt  Econometer,  but  this 
was  not  in  use  during  the  tests  reported  in  this  paper. 

Fig.  250  shows  the  style  of  the  oven  furnace  front,  the  only 
modification  of  same  being  a  3-inch  hole  covered  with  mica  in  one 
of  the  ash  pit  doors  for  the  purpose  of  examining  the  fire  when 
running  under  forced  draft. 

Fig.  251  shows  a  portion  of  the  rear  riio-ht-hand  side  of  the  boiler 
setting,  with  a  Hofmann  &  Maurer  pyrometer  and  a  differential 
draft  gauge  in  place.  Just  to  the  right  of  the  draft  gauge  is 
shown  a  rope  by  means  of  which  the  speed  of  the  induced  draft 
fan  is  controlled.  Also  another  device  for  opening  and  closing 
the  natural  draft  damper. 
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Method  Employed  in  Ca7'ryin(j  on  the  Trials. 

12.  The  boiler  is  fired  continuously  from  thirty-six  to  forty- 
eight  hours  before  the  trial,  in  order  that  the  setting  should  be 
thoroughly  heated.  About  two  hours  previous  to  the  commencing 
of  the  test  proper,  the  fire  is  drawn,  the  damper  being  closed,  the 
grate  bars  and  ash  pit  cleaned,  and  a  new  fire  immediately  kindled 
with  the  coal  to  be  used.  This  new  fire,  which  always  starts  very 
rapidly  on  account  of  the  hot  fire  brick  arch,  is  brought  as  quickly 
as  possible  to  the  condition  to  be  maintained  throughout  the  trial, 
the  draft  being  regulated  to  give  the  desired  fuel  consumption  and 
depth  of  fire  fixed  to  secure  the  best  combustion  with  the  least 
per  cent,  of  air  excess.  The  tubes  are  blown  free  of  soot  after 
starting  the  fire.  About  ten  minutes  before  starting  the  test 
proper,  the  exact  time  being  noted,  the  last  fresh  coal  is  thrown 
on  and  five  minutes  later  the  fire  is  leveled  with  a  rake  and  the 
thickness  determined  by  resting  a  bar  on  the  bed  of  fire  and  level- 
ing same  by  sighting  on  a  level  gauge  and  then  noting  the  height 
by  graduations  on  the  fire  door  wdiicli  is  open  just  enough  to 
allow  the  rod  to  pass  into  the  furnace.  This  method,  the  writer 
believes,  is  much  more  accurate  than  gauging  by  the  eye,  which 
is  quite  impossible  for  any  degree  of  accuracy  wdth  this  style  of 
furnace  and  high  volatile  coals.  At  time  for  starting,  the  feed- 
water  is  brought  up  to  the  overflow^  point  in  the  lower  collecting 
tank  (the  pump  having  been  closed  dowm)  and  the  height  of  water 
in  the  boiler  drum  noted  on  a  scale  reading  in  1-10  inch  fastened 
to  the  gauge  glass.  A  string  is  also  put  on  the  glass  at  the  same 
point  simply  as  a  guide  for  the  person  controlling  the  feed  water 
to  the  boiler.  All  readings  are  taken  at  regular  intervals  of  one- 
half  hour,  commencing  fifteen  minutes  after  the  test  starts.  The 
firing  is  done  at  regular  intervals  of  from  three  to  five  minutes, 
depending  upon  the  rate  of  combustion,  and  the  amount  fired  is 
usually  tW'O  shovelfuls.  The  fuel  is  brought  to  the  boiler  in  a 
borrow^,  tlie  time  for  consuming  each  load  being  noted.  At  the 
time  of  filling  each  barrow^,  about  one-half  shovelful  is  taken, 
not  from  the  barrow^  but  from  that  point  in  the  pile  where  the  coal 
in  the  barrow^  had  been  taken,  and  the  total  quantity  so  collected 
during  the  trial  is  reduced  for  analysis  by  the  process  of  quar- 
tering. 

13.  If  the  coal  was  such  that  it  w^as  necessary  to  clean  the  fires 
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during  the  trial,  this  was  always  done  at  such  a  time  that  the 
period  between  the  time  of  cleaning  and  the  end  of  the  trial  would 
be  practically  the  same  as  that  between  the  time  of  starting  the  new 
fire  and  the  starting  of  the  test,  thereby  giving  a  clean  fire  at  the 
end  as  well  as  at  the  beginning  of  the  trial.  At  the  end  of  the 
test  the  same  methods  are  employed  as  regards  firing,  the  thick- 
ness of  fire,  etc.,  as  at  the  beginning  and  if  the  water  in  the  boiler 
is  not  the  same  height  by  the  scale,  the  necessary  correction  is 
made  for  this  based  on  a  calibration  of  the  boiler  drum.  Also  a 
correction  for  a  different  thickness  of  fire  is  made,  but  this  has 
very  seldom  been  found  necessary,  since  with  care  on  the  part 
of  the  fireman  and  the  use  of  the  fire  gauge,  the  thickness  can 
easily  be  governed  to  within  ^  inch  of  the  thickness  at  start.  The 
fire  is  then  allowed  to  burn  out  when  all  refuse  is  cleaned  from 
the  grates  and  the  pit.  From  all  the  refuse  obtained,  the  clinker 
is  sorted,  thereby  giving  per  cent,  of  clinkers  to  coal  and  in 
sampling  the  refuse  for  analysis,  proportionate  amounts  by  w^eight 
of  clinker  and  refuse  are  taken,  broken  up  and  then  quartered. 

14.  The  first  three  trials,  ]N''os.  101,  102  and  103  (Table  1)  were 
made  with  George's  Creek  Cumberland  coal,  furnished  by  the 
Baltimore  and  Ohio  R.  R.  Co.,  the  only  practical  difference  be- 
tween the  trials  being  that  they  w^ere  run  under  different  rates 
of  combustion  for  the  purpose  of  determining  approximately  the 
rate  to  give  the  best  all-round  results.  For  these  runs  the  entire 
plant,  that  is,  boiler,  economizer  and  air  heater  were  in  use,  desig- 
nated by  the  letters  BEH  written  after  the  number  of  the  trial. 
This  work  also  familiarized  those  taking  the  active  part  with  the 
apparatus  and  its  manipulation. 

Trials  'Nos.  104,  106,  116  and  117  (Tables  2  and  3)  were  made 
with  Pocahontas  lump  coal,  furnished  by  Castner,  Curren  & 
Bullitt  of  Philadelphia.  Trial  'No.  104  is  with  economizer  and  ISTo. 
106  without,  while  trial  ISTo.  116  is  with  economizer  and  air  heater 
and  J^o.  117  is  with  air  heater  only  cut  out. 
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TABLE  I. 


Kind  of  fuel  :  Ooorges  Cri'rk,  Cumberland 

State  of  wcafhrr Stormy 

Date  of  (rials ]!♦()!     Feb.  5» 

Duration  of  trials hours         10 

r,'umbcr  of  trial 101  BEII 

Average  Pressures. 

Steam  pressure  b}'  gage lbs.  per  sq.  in.  134 , 

Atmosplioric  pressure  by  barometer .  .  ins.   mer- 
cury  * 29.64 

Absolute  steam  pressure lbs.  per  sq.  in.  148. G 

Force  of  draft  between  damper  and 

boiler ins.   water  ,  16 

Force  of  draft  leaving  economizer  . .          "  .21 

"            "             "       air  heater....        "  .227 

"            "       or  blast  in  ash  pit "  +  .08 


Cloudy 

Feb,  !( 

10 

10-J  UEH 


136, 


Cloudy 
Fi-i).   Iti 

H 

lo:^  HKII 


136  1 


29.06 

28.9 

150.3 

150.4 

.19 

.234 

.232 

.258 

.257 

.273 

+  .035 

+  .088 

Average  Temperatures. 


External  air deg.  Fahr.  26. 

Fire  room "  70 . 

Feed  water  entering  economizer  ...          "  51.4 

boiler "  166. 

Escaping  gases  from  boiler "  490. 

"            "         "     economizer...          "  311. 

"            "         "     air  heater "  234. 

Air  entering  ash  pit "  158 . 5 

Fuel. 

Size  and  condition 

Method  of  firing   

Total  weight  of  coal  fired lbs.  4,490 

Weight  of  coal  fired  during  test "  3,750 

Percentage   of   moisture   in   coal  by 

analysis per  cent.  1 .08 

Weight  of  dry  coal  consumed  during  test . .  .  lbs.  3,710 

Total  ash  and  refuse "  401 . 5 

Combustible  consumed  during  test  computed 

from  analysis  of  refuse "  3,405 

Weight  of  clinker  from  total  coal  .........   "  63 . 5 

Percentage  of  ash  and  refuse  to  coal  . .  per  cent.  8 . 9 

"            clinker  to  coal ...         "  1.4 


25. 

34.6 

66.4 

75.3 

50.7 

52.4 

156.1 

158.6 

502. 

575. 

323. 

358. 

256. 

283. 

163. 

170. 

Run  of  mine 

Spreading 

5,610 

5,503 

5,027 

4,773 

1.08 

1.08 

4,972 

4,721 

429.5 

491. 

4,523 

4,207 

47.5 

50. 

7.6 

11.2 

.85 

.91 
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TABLE  I.— Continued. 
Proximate  Analysis  of  Coal. 

Fixed  carbon per  cent.       73 .  84 

Volatile  matter " 

Moisture " 

Ash " 

Ultimate  Analysis  of  Coal. 

Carbon percent.       82.64  82.64  82.64 

4.25  4.25  4.25 

4.57  4.57  4.57 

.56  .56  .56 

.83  .83  .83 

7.15  7.15  7.15 


73.84 

73.84 

73.84 

17.93 

17.93 

17.93 

1.08 

1.08 

1.08 

7.15 

7.15 

7.15 

Hydrogen 
Oxygen  .  . 
Nitrogen  . 
Sulphur  .  . 
Ash 


502 

596 

452 

526 

20 

23.6 

Analysis  of  Ash  and  Refuse. 

Ash percent.       88.60  81.10  67.88 

Volatile  combustible ' "  11 .40  18.90  32. 12 


Fuel  per  Hour. 

Coal  consumed  per  hour lbs.  375 

Combustible  consumed  per  hour "  340 

Coal  per  square  foot  of  grate  per  hour "  14.8 

Combustible  per  square  foot  of  heating  sur- 
face per  hour "  .317              .422              .490 


Calorific  Value  of  Fuel. 

Calorific  value  per  pound  of  actual  coal 

by  Mahler  Calorimeter B.  T.  U.        14,240  14,240  14,240 

Calorific  value  per  pound  of  dry  coal. .        ''  14,395  14,395  14,395 

Calorific  value  per  pound  of  combusti- 
ble        "  15,518  15,518  15,518 


Quality  of  Steam. 

Percentage  of  moisture  in  steam per  cent.  .  8 

Quality  of  steam  (dry  steam-— unity)         "  .992 

"      Correction "  .9936 


.83 

.8 

.9917 

.992 

.9934 

.9936 
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TAliJjE   I. — Continued. 

Water. 

Total  woiffht  of  water  fod  to  boilor Ihs.        32,S3G  45,239  41,299 

"    economizer  .  .   "  32,914  45,015  41,328 

Equivalent  weiglit  of  water  actually  evapo- 
rated into  dry  steam "  32,025  44,940  41,034 

Factor  of  evaporation  for  boiler "  1 .094  1 .  105  1  .  102 

Factor  of  evaporation  for  boiler  and  econo- 
mizer    "  1 .212  1 .214  1.212 

Equivalent  w^ater  evaporated  into  dry  st(  am 

from  and  at  212  degrees  for  boiler "  35,091  49,000  45,220 

Equivalent  water  evaporated  into  dry  steam 

from  and  at  212  degrees  for  economizer   "  3,907  4,970  4,588 

Equivalent  water  evaporated  into  dry  steam 
from  and  at  212  degrees  for  boiler  and 
economizer "  39,598  54,030  49,808 

Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  for  boiler lbs.  3,509  4,900  5,652 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  for  economizer "  390  497  573 

Equivalent  evoporation  per  hour  from  and 

at  212  degrees  —total   "  3  ,959  5,403  6,225 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  per  sq.  ft.  boiler  heating 

surface "  .333  .403  .528 

Horse-Power. 

Builders  rated  horse-power 107  107  107 

Horse-power  developed  by  boiler 103 . 4  143 . 9  103 . 8 

Horse-power  developed  —total 114.7  158 . 3  180 . 3 

Economic  Results. 

Water  apparently  evaporated  under  actual 

conditions  per  pound  of  coal  as  fired .  .  .  lbs.         8 .  750  9 .  000  8 .  053 

Equivalent  evaporation  from  and  at  212 

degrees  per  pound  of  coal — for  boiler..   "  9.518  9.879  9,474 

Equivalent  evaporation  from  and  at  212 

degrees   per   pound   of   dry   coal — for 

boiler ^ "  9.625  9.988  9.578 

Equivalent  evaporation  from  and  at  212 

degrees  per  pound  of  coal,  for  svstem  . .  "  10.684  10.992  10.550 
Equivalent  evaporation  from  and  at  212 

degrees  per  pound  of  combustible,  for 

boiler "         10.496         10.980         10.748 
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T A B L E   I . — Continued . 


Efficiency. 

Efficiency  of  boiler  and  grate   per  cent. 

"        of  system " 


G4.54  66.99  0-1.24 

65.30  68.33  6().88 

72.46  74.59  71.54 


Analysis  of  Flue  Gas. 


COj  Carbon  dioxide per  cent. 

O     Oxygen " 

CO  Carbon  monoxide " 

N     Nitrogen " 

Percentage  of  air  excess " 

Pounds  of  air  used  per  pound  of  coal  . 


Vol. 

Wt. 

Vol. 

Wt. 

Vol.  1 

8.82 

13.05 

10.. 58 

15.55 

11.5  1 

10.04 

10.75 

8  48 

9.00 

6.71 

.44 

.41 

.07 

.62 

1.38 

80.70 

75.79 

80.27 

74.83 

80.41 

89.75 
19.41 


66.91 
17.17 


wt. 

10.84 
7.11 
1.27 

74.7 


46.41 
14.36 


Heat  Balance. 


Loss  per  lb.  of  coal  due  to  products  combustion 

air  excess 

latent  heat 

unburned  coal  .... 

CO 

radiation,  etc 


Heat  used  in  evaporation 
Total  heat  supplied 


B.T.U. 

^ 

927 

6.5 

737 

5.2 

401 

2.8 

141 

1. 

407 

2  9 

2,435 

17.1 

9,192 

64.5 

14,240 

100. 

B.T.U. 

% 

940 

6.6 

554 

3.9 

399 

2.8 

256 

1.8 

513 

3.6 

2,037 

14.3 

9,541 

67.0 

14,240 

100. 

B.T.U. 

% 

920 

6.5 

370 

2.6 

341 

2.4 

512 

3.6 

826 

5.8 

2,123 

14.9 

9,142 

64.2 

14,240 

100. 

TABLE  2. 


Kind  of  fuel  :  Pocahontas. 

State  of  weather Clear 

Date  of  trials 1901  Feb.  22 

Duration  of  trials hours         10 

Kumber  of  trial 104  BE 

Average  Pressures. 

Steam  pressure  by  gage lbs.  per  sq.  in.  138 .4 

Atmospheric  j^ressure  b}''  barometer ins.   mercury       29 . 3 

Absolute  steam  pressure lbs.  ber  sq.  in,  153 

Force  of  draft  between  damper  and  boiler ins.  water  .  257 

"  "       leaving  economizer "  .272 

"  "  "       air  heater "  

"  "      or  blast  in  ash  pit "  


Stormy 

Feb. 23 

10 

106  B 


137 
30 

151.8 
.233 
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TABLE   2.— Continual. 


Average  Tempeiiatiuks. 


Ext«^rnal  air dr^.  I'alir.  15 

Fire  room "  (il  . 3 

Feed  water  entering  ccononiizor "  49.9 

boiler "  1G5 

Escaping  gases  from  boiler "  5G0 

"             "         "     economizer "  3G0 

"         "     air  heater "  

Air  entering  ash  pit "  

Fuel. 

Size  and  condition Lump 

Method  of  firing Spreading 

Total  weight  of  coal  fired lbs.  .0,213 

Weight  of  coal  fired  during  test "  5,709 

Percentage  of  moisture  in  coal  by  anah'sis   per  cent.  .  9o 

Weight  of  dry  coal  consumed  during  test lbs.  5,005 

Total  ash  and  refuse "  340 

Combustible    consumed    during   test   computed    from 

analysis  of  refuse "  5,200 

Weight  of  clinker  from  total  coal "  90 

Percentage  of  ash  and  refuse  to  coal per  cent.  5 .  47 

"          clinker  to  coal "  1 .  44 

Proximate  Analysis  of  Coal. 

Fixed  carbon per  cent.  70 .  88 

Volatile  matter "  18.08 

Moisture • "  .95 

Ash .' "  3 .  49 

Ultimate  Analysis  of  Coal. 

Carbon  ^ 7 per  cent.  87 .  75 

Hydrogen "  4.34 

Oxygen "  2.93 

Nitrogen * "  .88 

Sulphur "  .01 

Ash "  3.49 

Analysis  of  Ash  and  Refuse. 

Ash per  cent.  52 .  09 

Volatile  combustible   "  47 .91 


17.9 

09.8 


52.5 


003 


0,291 

5,532 

.95 

5,480 
278 

5,144 

43 

4.41 

.08 


70.88 

18.08 

.95 

3.49 


87.75 

4.34 

2.93 

.88 

.01 

3.49 


59.05 
40.95 
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TABLE  2.— Continued. 

Fuel  per  Hour. 

Coal  consumed  per  hour. .  /. lbs.  571  553 

Combustible  consumed  per  hour "  526  514 

Coal  per  square  foot  of  grate  per  hour "  22 . 8  22 . 1 

Combustible  per  square  foot  of  heating  surface  per  hour   "  .  491  ,  480 

•  Calorific  Value  of  Fuel. 

Calorific  value  per  pound  of  actual  coal  by  Mahler 

Calorimeter ." B.  T.  U.  15,053  15,053 

Calorific  value  per  pound  of  dry  coal "  15,196  15,190 

"      .  "        combustible "  15,752  15,752 

Quality  of  Steam. 

Percentage  of  moisture  in  steam per  cent.       .77  .73 

Quality  of  steam  (dry  steam  —  unity) "  .  9923  .  9927 

"       Correction "  .9940  .9940 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  52,561  48,138 

"         "       economizer "  53,510  

Equivalent  weight  of  water  actually  evaporated  into 

dry  steam "  52,480  47,850 

Factor  of  evaporation  for  boiler 1 .096  1 .212 

"                  "                   "      and  economizer 1 .2165  

Equivalent  M^ater  evaporated  into  dry  steam  from  and 

at  212  degrees  for  boiler 1^)8.  57,520  58,030 

Equivalent  water  evaporated  into  dry  steam  from  and 

at  212  degrees  for  economizer "  6,400  

Equivalent  water  e^'aporated  into  dr}^  steam  from  and 

at  212  degrees  for  boiler  and  economizer "  63,920  


Water  per  Hour.' 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  boiler lbs.        5,752  5,803 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  economizer "  640         

Equivalent  CAaporation  per  hour  from  and  at  212  de- 
grees—total    "  6,392         

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees per  sq.  ft.  boiler  heating  surface   "  5 .  37  5 .  42 
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TAJiLE   2.     Cvnliniicd. 

HORSE-l'OWEH. 

Builders  ratrd  luirso-powcr 107  107 

Horso-powcT  drvoloix'd  by  boiler 166.7  J 68. 2 

"  "  total   ; 185.2  


Economic  Results. 

Water  apparently  evaporated  under  aetual  conditions 

per  pound  of  coal  as  fired lbs. 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  coal — for  boiler " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal — for  boiler " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  coal,  for  system " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible,  for  boiler " 


9.207 

8.745 

10.070 

10.481 

10.154 

10.580 

11.207 

10.923 

11.475 

Efficiency. 

Efficiency  of  boiler  and  grate   per  cent. 

"       of  S3^stem " 


64.56 
66.89 
71.88 


67.23 
69.09 


Analysis  of  Flue  Gas. 

COj  Carbon  dioxide per  cent. 

O     Oxygen 

CO  Carbon  monoxide ; " 

N     Nitrogen " 

Percentage  of  air  excess " 

Pounds  of  air  used  per  pound  of  coal 


Vol. 

Wt. 

Vol. 

10.82 

15.88 

11.88 

r.78 

8.26 

7.11 

.23 

.21 

.09 

81.  ir 

75.65 

80.92 

Wt. 
17.28 

7.55 

.08 

75.09 


57.24 
17.33 


50.39 
16.98 


Heat  Balance. 

Loss  per  pound  of  coal  due  to  products  combustion . 

"  "  "         "       air  excess 

"  "  "         "      latent  heat 

"  "  "  "       nnburned   coal 

"  "         "         "      radiation,  etc 

Heat  used  in  evaporation •.•.•.•.• 

Total  heat  supplied 


J.T.U. 

% 

1,460 

9.7 

753 

5.0 

406 

2.7 

497 

3.3 

181 

1.2 

2,032 

13.5 

9.724 

64.6 

15,053  ,100. 


B.T.U. 

% 

1,595 

10.6 

723 

4.8 

406 

2.7 

376 

2.5 

1,832 

12.2 

10.121 
15,053 

67.2 
100. 
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TABLE  3. 


Kind  of  fuel  :  Pocahontas. 

State  of  weather Hazy 

Date  of  trmlf 1001  May  14 

Duration  of  trials hours  10 

N  umber  of  trials 116  BEII 

Average  Pressures. 

Steam  pressure  by  gage lbs.  per  sq.  in,  96 . 

Atmospheric  pressure  by  barometer ins.  mercury.  29.36 

Absolute  steam  pressure lbs.  per  sq.  in.  110 .4 

Force  of  draft  between  damper  and  boiler ins.   water  .165 

"            "       leaving  economizer "  .171 

"           "            "      air  heater "  .199 

"           "      or  blast  in  ash  pit "  +  .078 

Average  Temperatures. 

External  air deg.  Fahr.  69 . 

Fire  room ^"  91.8 

Feed  water  entering  economizer "  60 . 

"          "             "       boiler "  151.4 

Escaping  gases  from  boiler "  499 . 

"            "         "     economizer "  314. 

"     air  heater "  248. 

Air  entering  ash  pit "  174 . 


Clear 

May  15 

10 
117  BE 


98.7 
29.42 
J13.1 
.16S 
.175^ 


66. 

89.4 

59.5 

148.8 

470. 

297 

59..^ 


Fuel.  ^ 

Size  and  condition Lump 

Method  of  firing Spreading 

Total  weight  of  coal  fired lbs.  4,921            4,87G 

Weight  of  coal  fired  during  test "  4,024            4,061 

Percentage  of  moisture  in  coal  by  analysis per  cent.  1 .  16             1.2 

Weight  of  dry  coal  consumed  during  test lbs.  3,977            4,012 

Total  ash  and  refuse "  200               251 

Combustible   consumed   during   test   computed   from 

analysis  of  refuse "  3,755            3,785 

Weight  of  clinker  from  total  coal "  71                 91 

Percentage  of  ash  and  refuse  to  coal per  cent.  4 .07            5 .  15 

"             clinker  to  coal "  1 .  44             1 .86 

9 

Proximate  Analysis  of  Coal. 


Fixed  carbon per  cent. 

Volatile  matter " 

Moisture " 

Ash 


76.88 

76.15 

18.45 

18.45 

1.16 

1.20 

3.51 

4.00 
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TABLE   S.  —  Canfinucd. 

Ultimate  Analysis  of  Coal. 

Carbon  .: per  cent.  .S7.73  87.39 

H y(irog;on   "  4 .  34  4 .  27 

(Oxygen   "  2.93  2.87 

Nitrogen   "        ,  .88  .87 

Sulphur "  ,  .Gl  .GO 

Ash "  3.51  4 .00 

Analysis  of  Ash  and  Refuse. 

Ash per  cent.       G 1 .21  72 .  20 

Volatile  combustible   "  35.79  27.80 

Fuel  per  Hour. 

Coal  consumed  per  hour lbs.  402  406 

Combustible  consumed  per  hour "  375  378 

Coal  per  square  foot  of  grate  per  hour   "         20 . 1  20  . 3 

Combustible  per  sijuare  foot  of  heating  surface  per  hour   "  .351  353 

Calorific  Value  of  Fuel. 

Calorific  value  per  pound  of  actual  coal  by  Mahler 

Calorimeter B.  T.  U.  15,033  14,933 

Calorific  value  per  pound  of  dry  coal "  15,209  15,115 

"      combustible "  15,769  15,735 

Quality  of  Steam. 

Percentage  of  moisture  in  steam per  cent.    .        .62  .70 

Quality  of  steam  (dry  steam  =  unity) "  .9938  .  993 

"Correction "  .9947  .9941 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  42,181  39,512 

''              "              "         "     economizer "  42,701  40,099 

Equivalent  weight  of  water  acually  evaporated  into 

dry  steam "  41,958  39,280 

Factor  of  evaporation  for  boiler 1 .  1032  1 .  1052 

"                  "                   "       and  economizer 1 .  1978  1 .  1973 

Equivalent  water  evaporated  into  dry  steam  from  and 

at  212  degrees  for  boiler lbs.  46,290  43,415 

Equivalent  water  evaporated  into  dry  steam  from  and 

at  212  degrees  for  economizer "  4,039  3,696 

Equivalent  water  evaporated  into  dry  steam  from  and 

at  212  degrees  for  boiler  and  economizer    "  50,329  47,111 

78  ' 
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TABLE  ^.—Continued. 


Water  per  Hour. 

Equivalent  evaporation  per  liour  from  and  at  212  de- 
grees for  boiler lbs. 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  economizer " 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees— total " 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees per  sq.  ft.  boiler  heating  surface   " 


4,629 

4,341 

404 

369 

5,033 

4,711 

4.31 

4.05 

Horse-power. 

Builders  rated  horse-power 107  107 

Horse-power  developed  by  boiler 134 . 1  125 .8 

"  "     —total  145.8  136.5 


Economic  Results. 

Water  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fired lbs.       10.482  9.732 

Equivalent  evaporation  from  and  at  212  degrees  per 

bound  of  coal— for  boiler "         11 .503         10.690 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal— for  boiler   "         11 .640         10 .821 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  coal,  for  system "         12.507         11.589 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible,  for  boiler "         12 .  327         11 .  470 


Efficiency. 

Efficiency  of  boiler  and  grate per  cent. 

"         of  system " 


73.84 
75.50 
80.28 


69.12 
70.31 
75.00 


Analysis  of  Flue  Gas. 

CO,  Carbon  dioxide per  cent. 

O     Oxygen " 

CO  Carbon  monoxide " 

N     Nitrogen " 

Percentage  of  air  excess 

Pounds  of  air  used  per  pound  of  coal 


Vol. 

Wt 

Vol. 

13.17 

19.19 

13.11 

5.64 

5.95 

5.86 

.17 

.16 

.44 

81.02 

74.70 

80.59 

Wt. 

39.02 

6.16 

.43 

4.39 


36.15 
15.27 


38.13 
15.30 
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TABIJO   3. — Continued. 


Heat  I5alance. 

Loss  per  pound  of  coal  due  to  products  combustion 

"  "  "  "       air  excess   

"       latent  heat 

"  "  "  "       unburned  coal 

"  "  "  "CO  

"  "  "  "       radiation,  etc 

Heat  used  in  evaporation 

Total  heat  supplied 


li.T.i;. 

% 

•.M55i 

C.4 

3  Hi 

3.1 

40C 

2.7 

mi 

2.0 

Vi9 

.8 

1,819 

12.1 

11.100 

73.  H 

15,03;j 

100. 

IJ.T.U. 

% 

1,208 

8.1 

418 

2.H 

4<« 

2.7 

23<.l 

l.li 

313 

2.1 

2,0;j2 

13.6 

10,320 

C!).l 

14,983 

100. 

15.  For  the  two  latter  trials  the  grate  area  was  reduced  to  20 
square  feet,  as  is  also  for  all  following  trials  except  Xo.  167.  From 
this  series  of  seven  trials,  the  gain  due  to  the  economizer,  both  as  to 
capacity  and  economy,  may  readily  be  seen,  and  for  the  air  heater 
the  theoretical  gain  may  be  computed  on  trials  Xos.  101,  102  and 
103,  but  the  actual  practical  gain  is  shown  by  analyzing  trials  Nos. 
116  and  117,  which  for  running  conditions  are  practically  iden- 
tical. As  will  be  seen,  the  coal  burned  per  square  foot  of  grate 
per  hour  is  practically  identical  in  each  case  as  is  the  draft  and 
air  per  pound  of  coal.  As  the  gain  due  to  the  economizer  is  prac- 
tically the  same  in  each  case,  that  is  8.7  and  8.5  per  cent.,  the 
difference  in  evaporation  for  the  plant  is  not  due  to  the  air  heater 
alone  but  to  several  causes,  as  shown  by  the  heat  balance.  To  the 
air  heater  only  can  be  attributed  tliat  per  cent,  of  gain  which  is 
shown  by  the  difference  of  losses  due  to  products  of  combustion 
and  air  excess  of  one  test  over  the  other,  or  2.4  per  cent  for  the 
trials  in  question.  It  will  be  observed  throughout  the  series  of 
trials  given  in  this  paper  that  the  heat  balance  differs  slightly  in 
form  from  that  adopted  by  the  Society.  The  principal  reason 
for  holding  to  this  form  is  that  it  was  adopted  by  Professor  X.  V\\ 
Lord  many  years  ago  and  has  been  in  use  by  him  and  the  writer 
during  the  past  nine  years  in  all  boiler  and  fuel  testing,  therefore 
the  form  would  naturally  be  held  to  more  especially  for  the  pur- 
pose of  comparison  with  all  work  that  has  gone  before.  For 
assistance  rendered  and  many  valuable  suggestions  given,  we  are 
greatly  indebted  to  Professor  ^N".  W.  Lord,  in  whose  department 
all  the  chemical  work  was  carried  on  and  calorific  determinations 
of  the  coals  made. 

16.  In  all  the  trials,  the  refuse  obtained  is  for  the  total  co:^.l 
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burned  from  the  time  of  starting  tlic  fire,  the  grates  and  ash  pit 
being  thoroughly  cleaned  before  and  after  each  trial.  The  combust- 
ible is  computed  from  the  analysis  of  this  refuse.  In  all  cases  ex- 
cept 'No.  101  the  combustible  indicates,  as  is  expected,  the  passage 
of  ash  beyond  the  bridge  wall  and  that  case  showing  the  opposite 
result  is  unquestionably  due  to  imperfect  sampling  of  the  refuse. 
From  the  heat  balances  it  will  be  seen  that  the  "  radiation,  etc., 
or  unaccountable  loss  "  varies  from  12.1  per  cent,  up  to  17.1  per 
cent.,  the  latter  value  being  for  trial  101,  for  all  others  this  loss 
ranges  below  15  per  cent. 

17.  In  view  of  the  loss  of  ash  over  the  bridge  wall,  as  deter- 
mined by  analysis  of  refuse  and  the  great  unaccountable  losses 
shown  by  the  heat  balance  not  only  on  these  tests  but  on  a  great 
many  other  previous  trials  covering  a  tasting  period  of  nine  years, 
it  was  decided  to  run  a  series  of  trials  by  means  of  which  could  be 
determined : 

First.  The  percentage  of  refuse  passing  the  bridge  wall  and 
collecting  throughout  the  boiler,  and  what  percentage  of  such 
refuse  to  be  combustible  matter. 

Second.  What  effect  a  trial  would  have  on  the  "  unaccounted 
loss  '^  in  the  heat  balance,  starting  with  cold  boiler  walls. 

Third.  The  length  of  time  in  continuous  running  for  the 
boiler  walls  to  become  saturated  with  heat,  their  temperatures 
remaining  constant. 

I'ourth.  The  number  of  hours  the  boiler  should  be  in  contin- 
uous service  before  starting  a  trial. 

Fifth.  The  accuracy  of  six-hour  trials  in  comparison  with  those 
of  ten  and  twelve  hours'  duration. 

To  obtain  these  facts,  the  plan  of  operation  was  to  first  clean 
the  boiler,  furnace  and  setting  thoroughly  throughout.  The  trial 
to  start  with  the  boiler  cold  and  at  the  time  of  kindling  the  fire, 
and  to  continue  until  the  temperature  of  the  boiler  walls  at  the 
special  point  where  the  temperature  was  taken  became  practically 
constant.  To  maintain  as  near  as  possible  the  same  conditions 
throughout  as  to  coal  burned  per  hour,  intensity  of  draft,  etc., 
and  to  divide  the  whole  run  into  trials  of  six  hours'  duration,  two 
in  combination  making  trials  of  twelve  hours,  and  at  the  last,  when 
constant  conditions  were  reached,  to  end  with  a  ten  hour  trial. 
At  the  end  of  the  run  to  shut  the  boiler  down  and  again  clean  out 
the  setting  thoroughly. 

18.  This  experimental  work  was  taken  in  hand  and  very  ably 
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carried  on  us  thesis  work  l>y  Messrs.  W.  A.  .lolinsoii,  W.  J). 
Morris,  (J.  T.  Frankcnberg  ninl  A.  K.  Wellbauiii,  ineinbers  of  the 
1902  Senior  Class  in  ^Mechanical  Engineering. 

Pocahontas  coal  of  the  same  shipment  as  that  of  the  previous 
trials  was  used.  The  same  methods  were  employed  for  carrying 
on  the  trials  as  on  the  former  run.  It  was  found  on  the  former 
trials  that  one  ]n'rom('ter  at  the  end  of  the  economizer,  passing 
through  the  wall  midway  between  top  and  bottom  of  economizer, 
did  not  give  the  average  temperature  of  the  escaping  gases,  but  a 
much  higher  result;  therefore,  to  get  nearer  that  average,  two 
pyrometers  were  used,  passing  through  the  economizer  wall  at  one 
quarter  distances  from  top  and  bottom.  The  firing  in  this  series 
was  done  by  Messrs.  E.  G.  Bailey  and  R.  E.  Riglitmire,  senior 
students  in  mechanical  engineering  and  skilled  in  this  line  of 
w^ork — all  other  trials  reported  in  this  paper  with  the  exception  of 
IS^o.  167  Avere  fired  by  Mr.  E.  G.  Bailey. 

19.  In  order  to  be  able  to  compute  the  equivalent  evaporation 
for  the  first  six  hours  of  the  trial,  during  wdiich  time  steam  was 
being  raised,  the  water  capacity  of  both  boiler  and  economizer  w^as 
determined  several  days  previous  to  the  trial,  and  the  temperature 
of  that  water  which  had  been  standing  in  the  boiler  taken  at  the 
time  of  starting  the  run. 

The  times  of  the  principal  events  for  the  76  hour  trial  are  as 
follows : 

TABLE  4. 

No,  of  trial.        Starting  time.  Boiler  steaming 3.40  p.m. 

134  3  P.M.  Boiler  cut  in 4^.20    " 

Steam  pressure 95  lbs. 

Fire. 
Sliced.  Cleaned.  Tubes  blo\\-n. 

135  9  p.m.  2.      A.M.  

13Q  3a.m.  5.30    "  6.30a.m. 

137  9    "  1.55  p.m.  

138  3  p.m.  12.         "  


139  9    ''  12.         "                

140  3  a.m.  6.         "                6.45  a.m. 

141  9    "  10.20    "  11.45p.m.  

142  3  P.M.  

143  9    "  12.50    "                

144  3a.m.  6.30    "  8.45a.m.  

145  9    ^'  


20.  At  the  end  of  the  trial  the  boiler  setting  was  again  thor- 
oughly cleaned.   The  amount  of  refuse  obtained,  with  their  per 
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cent,  of  combustible  matter,  is  in  a  table  of  results  which  on  ac- 
count of  its  extent  is  not  published  in  the  paper.*  The  points 
sought  by  this  series  of  trials  are  as  follows : 

First.  As  will  be  seen,  the  total  dry  coal  consumed  from  time 
of  starting  the  trial  was  33,209  pounds.  Computing  the  com- 
bustible in  the  usual  way,  there  would  be  31,861  pounds  as  against 
31,644  pounds  as  computed  from  an  analysis  of  the  refuse  in  the 
ash  pit.  Throughout  tlie  boiler  there  was  collected  142  pounds 
of  refuse,  or  9^  per  cent,  of  the  total,  making  a  total  refuse  of 
1,490  pounds,  thus  giving  for  the  combustible  consumed  31,719 
pounds,  wliich  is  a  very  small  percentage  in  excess  of  the  com- 
bustible matter  computed  from  analysis  of  refuse,  thereby  indi- 
cating, as  is  expected,  the  passing  of  refuse  beyond  the  boiler  into 
the  flue.  The  amount  of  this  refuse  passing  the  bridge  wall  has 
been  found  by  the  waiter  to  be  dependent  upon  the  intensity  of 
the  draft  and  the  thickness  of  the  fire,  for  in  a  series  of  trials 
with  practically  the  same  kind  of  coal,  with  thickness  of  fire 
ranging  from  6  J  to  7^  inches  and  the  draft  averaging  .18  inches, 
there  w^as  collected  on  a  plate  one  foot  square,  located  at  rear  of 
boiler  between  it  and  the  flue,  an  average  of  .6  of  a  gram  per 
hour,  while  a  trial  with  .56  inches  draft  and  a  5:^-inch  fire  gave  on 
the  same  plate  7.1  gram  per  hour,  which  would  indicate  that  the 
error  introduced -in  computing  the  combustible  from  the  quantity 
of  refuse  in  the  ash  pit  would  be  increased  mth  the  intensity  of 
the  draft,  and  therefore  all  evaporations  per  pound  of  combus- 
tible, where  the  combustible  is  taken  as  the  difference  between  the 
dry  Qoal  and  the  refuse,  can  not  be  strictly  accurate. 

Second.  The  heat  balance  of  trials  'Nos.  134,  135  and  136  show 
that  the  cold  boiler  walls  increased  the  "  unaccountable  loss  " 
some  8.5  per  cent  and  that  this  loss  has  reached  its  average  at  the 
end  of  about  18  hours. 

Third.  The  wall  temperature  curves.  Fig.  252,  shoAv  that  even 
after  76  hours  of  continuous  running  the  walls  are  not  completely 
saturated  with  heat,  the  curves  not  having  reached  the  horizontal, 
although  nearly  so. 

Fourth.  The  heat  balances  indicate  that  for  accurate  results 
a  boiler  with  this  type  of  setting  should  be  run  continuously  for 


*  On  account  of  the  expense  involved  the  Society  refrains  from  the  tables  of 
trials  Nos.  134  to  145  and  Nos.  165,  16G  and  167,  therefore  a  print  of  such  tables 
will  be  furnished  to  those  interested  on  application  to  the  writer. 
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at  least  thirty  hours  before  a  trial  of  fuel  or  of  the  boiler  is  com- 
menced. 

Fifth.  Table  5  gives  the  principal  items  of  the  several  runs, 


TABLE   5. 

Duration  of  trial hrs. 

Number  of  trial ^ 

steam  pressaro  by  gage lbs. 

Force,  of  drait  between  damper  and  boiler ins. 

Force  of  draft  leaving  economizer " 

Temperature  feed  water  entering  economizer Fahr.° 

Temperature  feed  water  entering  boiler 

Temepature  escaping  ga?es  from  boiler 

Temperature   escaping   gases    leaving   economizer, 

upper  pyrometer 

Temperature   escaping   gases   leaving    economizer, 

lower  pyrometer 

Coal  per  equare-foot  grate  per  hour lbs. 

Horse-power  developed  for  boiler  and  economizer 

Horse-power  developed  for  boiler 

Equivalent  evaporation  from  and  at  212  degrees  per  pound 

of  coal  for  boiler  and  economizer lbs. 

Equivalent  evaporation  from  and  at  812  degrees  per 

pound  of  coal  for  boiler " 

Efficiency  of  boiler  figiu-ed  from  combustible per  cent.. 

Efficiency  of  boiler  and  furnace " 

Efficiency  of  boiler,  furnace,  and  economizer " 

Loss  of  heat  due  to  radiation,  absorbtion,  etc., 

per  pound  of  actual  coal " 


12 

12 

12 

12 

12 

lys  & 

137  & 

139  & 

141  & 

143  & 

136 

138 

140 

142 

144 

96.7 

97.5 

96.7 

97.9 

98.45 

.239 

.228 

.234 

.222 

.206 

M^ 

.297 

.310 

.295 

.292 

52.5 

51.2 

52.2 

50.9 

50.1 

157.2 

153.1 

157 

152.2 

154.7 

474 

500 

515 

515 

515 

517.5 

333.6 

339 

341.3 

341.7 

285.3 

298 

303.8 

306.5 

304.6 

21.11 

22.6 

20.87 

22.73 

20.51 

142.3 

154 

145 

156 

142.2 

130 

140.3 

132 

142.4 

129.4 

11.68 

11.75 

12.00 

11.84 

11.90 

10.62 

10.71 

10.91 

10.80 

10.89 

G8.78 

69.36 

70.7 

70.00 

70.58 

67.85 

68.4:3 

69.65 

69.05 

69  65 

74.61 

75.06 

76.69 

75.14 

76.44 

13.9 

11.4 

10.7 

12.2 

11.0 

10 
145 


98.5 
.225 
.298 
51.1 
154.3 
541.6 

354.4 

317.3 
22.51 
155.9 
142.1 

11.96 

10.89 

;o  7 

69.6 
76.41 

11.8 


excepting  ]Ro.  134,  grouped  into  12-hour  runs  and  one  10-hour  run. 
By  comparing  these  results  with  those  of  the  6-hour  trials,  the 
difference  is  quite  marked  in  point  of  variation.  It  will  also  be 
seen  that  in  every  6  hours'  trial  just  following  the  cleaning  period, 
the  efficiency  is  high  and  the  "  unaccountable  loss  "  low,  while  just 
the  reverse  is  the  case  for  those  runs  taking  in  the  cleaning  period. 
The  curves  in  Fig.  253  show  the  increase  in  evaporation  and  effi- 
ciency and  the  decrease  in  the  unaccounted  loss  as  the  trial 
progresses. 

After  the  completion  of  the  76  hours'  series,  it  was  decided  to 
cover  the  boiler  walls  with  some  insulating  material,  make  two 
trials  "as  nearly  identical  as  possible,  the  only  difference  being  with 
and  without  walls  covered,  and  observe  what  effect  such  conditions 
had  upon  the  "  radiation 'and  unaccounted  loss  "  of  the  heat  bal- 
ance. 

Therefore,  magnesia  blocks  6  inches  by  36  inches  by  1-|  inches 
were  used,  covering  the  side  walls  to  within  two  feet  of  the  floor 
and  also  the  top  of  the  furnace,  the  blocks  being  held  to  the  boiler 
walls  by  wooden  strips.  The  block  joints  were  made  wdth  mag- 
nesia mortar,  and  all  other  openings  and  crevices  filled  with  the 
same  material,  so  as  to  allow  the  cold  air  practically  no  chance  to 
get  to  the. walls. 
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lM.  Tlio  l)oil(M-  liaving  hvci\  ixf^iuu  tlioronglily  cloaiicd,  tli(i  two 
trials  wi'iv  coiuhictiMl  in  the  usual  way,  usinti:  Fairmont  coal  fur- 
uisliod  by  the  Fairmont  Coal  Co.,  of  Fairmont,  West  Virginia. 
The  magnesia  blocking  was  removed  immediately  at  the  end  of  the 
first  run.  During  these  trials,  and  also  in  others,  the  thermo-elec- 
tric i\vrometer  was  used  for  taking  temperatures  at  the  ])oints  A,  B 
and  C,  Figs.  247  and  248.     The  temperatures  thus  obtained  will 
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EVAPORATION,  FROM  AND  /VT  212" 
FOR  BOILER 


EFFICIENCY  OF 


I      BOILER  AND  FURNACE. 


3   P.M.    9   P.M. 
DEC.    17. 


9  A.M 


Fig.  253. 


only  be  given  at  this  time  for  trials  Xos.  165,  166  and  167,  as  it  is 
the  intention  of  the  writer,  after  collecting  much  more  data  in  this 
particular  direction,  to  make  such  the  subject  matter  of  a  sub- 
sequent paper. 

22.  From  the  results  obtained  on  trials  !N'os.  165  and  166,  from 
a  table  which  is  not  presented  by  reason  of  its  elaborate  character,-' 
since  it  was  very  desirable  to  make  the  running  conditions  as 
nearly  identical  as  possible,  it  was  observed  how  near  such  was 
accomplished  by  comparing  the  draft,  coal  per  square  foot  grate 
per  hour,  per  cent,  of  refuse  and  combustible  matter  in  same, 
power  developed,  thermo-electrical  pyrometer  readings  and  heat 
balance,  the  last  showing  why  the  higher  evaporation  w^as  obtained 
on  the  latter  run..  The  difference  in  the  "  radiation  and  un- 
accounted for  loss  "  is  so  slight,  although  in  favor  of  the  covering, 
that  one  can  hardly  say  that  such  a  small  difference  was  due  to 
that  agency.     It  is  possible,  however,  that  such  a  loss  might  have 


*  This  table  numbered  as  Table  6  in  the  series  can  be  obtained  as  a  blue-print 
from  the  original  tracing  by  those  interested  on  application  to  the  Author. 
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shown  11])  £z;rcatcr  if  tlic  trials  were  of  longer  duration,  and  yet 
that  hardly  seems  likely  when  the  Avail  temperature  cnrves,  Figs. 
254  and  255,  are  compared.  Nevertheless  there  must  be  a  saving 
in  heat  on  account  of  the  covering,  although  the  tests  here  reported 
do  not  show  it,  and  it  may  be  possible  that  such  saving  can  not  be 
shown  up  by  this  method. 

Thermo-electric  pyrometer  readings  for  trial  No.  1G5.     Degrees 
Fahr.     Duration  of  trial,  10  hours— 7.30  a.m.  to  5.30  p.m. 


TiMF. 

A 

B 

C 

10.30  a.m. 

2,550 

1,050 

770 

Sliced       8.45  A.M. 

10.32    " 

2,400 

. , , 

"       11.00    " 

11.30    " 

2,560 

1,200 

830 

"       12.30  P.M. 

2.05  p.m. 

2,510 

1,090 

810 

2.00    " 

4.30    " 

2,570 

1,160 

830 

Cleaned  3.40    " 

Average  ...       2,518 


1,125 


810 


Thermo-electric  pyrometer  readings  for  trial  No.  166.    Degrees 
Fahr.     Duration  of  trial.  10  hours — 7.30  a.m.  to  5.30  p.m. 


Duration  of  trial,  10  hours 


Time. 

A 

B 

c 

8.00  a.m. 

2,510 

1,140 

820 

9.00    " 

2,550 

1,000 

780 

10.00    " 

2,575 

1,130 

840 

11. CO    " 

2,550 

1,140 

760 

12.00    " 

2,470 

1,140 

820 

l.CC  P.M. 

2,470 

1,100 

780 

2. CO    " 

2,600 

1,140 

860 

3. GO    " 

2,490 

1,100 

760 

4.00    " 

2,470 

1,130 

880 

5.00    " 

2,460 

1,020 

780 

Average 


2.514 


1,104 


808 


Sliced         8 .  45  a.m. 


Sliced 

11.00  a.m. 

u 

12.15  p.m. 

li 

1.20    " 

(I 

2.30    " 

Cleanec 

i     3.40    " 

23.  Trials  No.  108  and  No.  114  were  conducted  with  a  view  to 
bring  out  some  points  on  which  the  .writer  wished  to  satisfy  him- 
self— that  is,  with  this  particular  equipment — to  learn  the  possible 
error  due  to  starting  trials  by  the  standard  method.  With  trial 
No.  108  (Table  7)  the  boiler  was  run  continuously  for  something 
over  30  hours  previous,  fires  w^ere  drawn,  furnace  and  ash  pit 
doors  closed  tight  and  dampers  open  just  enough  to  be  able  to 
detect  some  draft  by  the  differential  draft  gauge.  The  valve  in 
the  main  steam  line  above  the  boiler  was  then  closed  and  the  time 
noted  for  pressure  on  boiler  to  raise  one  pound.  The  new  fire 
was  then  kindled  and  the  boiler  brought  im:i:cdiately  to  working 
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conditions.  The  trial  lasted  10  hours,  at  the  end  of  wliicli  the 
same  process  was  gone  through  as  at  the  beginning.  It  was  found 
that  after  4  hours  and  40  minutes,  during  whicli  time  the  steam 
pressure  was  maintained  the  same  as  throughout  the  run  and  the 
necessary  feed  water  supplied  the  boiler  to  keep  constant  height  of 
water  in  the  drum,  the  boiler  was  steaming  at  the  same  rate  as 
at  the  beginning  of  the  trial.  The  feed-water  so  supplied  for  that 
time  was  1,G20  pounds,  which  would  increase  the  evaporation.- 
under  actual  conditions  from  7.336  pounds  to  7.75  pounds,  or  4.95 
per  cent. 

24.  With  trial  'No.  114  (Table  7)  both  methods  of  starting  were 
employed,  the  trial  by  the  standard  method  extending  from  6.15 
a.m.  to  4.25  p.m.,  while  by  the  alternated  the  period  was  from 
7.30  a.m.  to  3.30  p.m.  As  will  be  seen  by  the  results  given,  the 
evaporation  under  actual  conditions  by  the  alternate  method  was 
8.518  pounds  of  water,  while  that  by  the  standard — the  total  water 
supplied  being  29,050  pounds,  and  coal  (plus  wood  equivalent), 
3,564  pounds — was  8.15  pounds  of  water  per  pound  of  coal  under 
actual  conditions,  or  a  difference  between  the  two  methods  of  4.33 
per  cent.  At  the  end  of  this  trial  also  the  same  method,  was 
gone  through  as  on  trial  No.  108.  When  the  equality  of 
steaming  was  reached  at  the  end  of  5  hours,  the  boiler  had 
during  that  time  taken  1,710  pounds  water,  making  a  total 
from  the  time  of  lighting  the  fire  of  30,760  pounds,  thereby 
giving  an  actual  evaporation  of  8.63  pounds  water  per  pound  of 
coal,  which  compares  closely  with  that  obtained  by  the  alternate 
method,  of  8.518  pounds,  an  excess  of  the  former  over  the  latter 
of  only  1.31  per  cent.  From  the  results  obtained  by  these  two 
trials,  the  writer  believes  it  safe  to  conclude  that  for  any  external 
fired  boiler  with  brick  setting  and  oven,  or  fire  brick  arch  furnace, 
the  errors  introduced  by  using  the  standard  method  for  starting  a 
trial  mil  amount  to  about  5  per  cent.,  that  amount,  of  course, 
decreasing  as  the  length  of  the  trial  increases. 

Trials  IS^os.  108,  160,  162  and  163  (Tables  7  and  8)  were  all 
made  with  Hackers  Kun  coal,  furnished  by  the  Southern  Coal  and 
Transportation  Co.,  Berrysburg,  West  Virginia. 

Trial  No.  108  was  with  medium  low  draft,  giving  a  rate  of  com- 
bustion of  21.13  pounds  of  coal  per  square  foot  of  grate  per  hour. 
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TABLE  7. 

Kindoffucl Hackers  Jt.inj   ^"i^J^^X'^ 

Stale  «)f  woallKT (Ujir  <"lciir 

Dateof  Irials I'.idl  Manh:j;i  May  1.1 

Diiiatiou  of  trials 10  liniira  8  liours 

Niuuber  of  trials 108  Hi 

Average  Pressures. 

Steam  pn^ssuro  by  gago lbs.  per  sq.  in.  97 .8  111.3 

Atniosphoric  pressure  by  barometer ins.   mer.  29.24  29.4 

Absolute  steam  pressure lbs.  per  sq.  in.  112.2  125.8 

Force  of  draft  leaving  boiler ins.   water  .235  .  156 

Average  Temperatures. 

External  air drg.  Fahr.  55  G6 

Fire  room "  77.7  82 

Feed  water  entering  boiler "  50  GO .  7 

Air  entering  ash  pit "  77.7  82 

Escaping  gases  from  boiler "  485  520 

Fuel. 

Size  and  condition Lump  Run  of  Mine 

Method  of  firing   Cross  Spreading 

Total  weight  of  coal  fired lbs.  4,220  3,539 

Weight  of  coal  fired  during  test "  4,220  2,845 

Percentage  of  moisture  in  coal  by  analysis   .85  .88 

Weight  of  dry  coal  consumed  during  test lbs.  4,190  2,820 

Total  weight  of  ash  and  refuse "  510  230 

Combustible   consumed   during  test,   computed   from 

anah'sis  of  refuse "  3,028  2,583 

Weight  of  clinker  from  total  coal ' .  .   "  38 

Percentage  of  ash  and  refuse  to  coal   per  cent.  12.22  0.5 

"            clinker  to  coal '*  1 .07 

Proximate  Analysis  of  Coal. 

Fixed  carbon per  cent.  53 .  55  

Volatile  matter "  34 .85  

Moisture.... "  .85  .88 

Ash.. "  10.75  7.93 

Lxtimate  Analysis  of  Coal. 

Carbon pt>r  cent.  72 .05  &1 .  79 

Hydrogen   "  5 .00  4 .28 

Oxygen "  7.40  4.60 

Nitrogen "  1 .00  .50 

Sulphur "  3.80  .84 

Ash "  10.75  7.93 
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TABLE  7. — Continued. 

Analysis  of  Ash  and  Refuse. 

Ash percent.       80.70  90.27 

Volatile  combustible   "  19 .30  9 .  73 

Fuel  per  Hour. 

Coal  consumed  per  hour lbs.  422,6  355 

Combustible  consumed  per  hour "  362.8  323 

Coal  per  square  foot  of  grate  per  hour "         21 .  13  17.7 

Combustible  per  square  foot  of  heating  surface  per  hour  "  .  339  .  30 

Calorific  Value  of  Fuel. 

Calorific  value  per  pound  actual  coal  by  Mahler 

Calorimeter B.  T.  U.  13,642  14,168 

Calorific  value  per  pound  dry  coal   "  13,764  14,293 

"  "  "     combustible "  15,438  15,415 

Quality  of  Steam. 

Percentage  of  moisture  in  steam per  cent.         1.3  1 . 

Quality  of  steam  (dry  steam  =  unity) "  .  987  .  99 

"       Correction  "  .9904  .9925 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  31,132  24,236 

Equivalent  weight  of  water  actually  evaporated  into 

dry  steam lbs.  29,228  24,053 

Factor  of  ovaporotion  1 .2017  1 .  198 

Equivalent  weight  of  Vvatcr  evaporated  into  dry  steam 

from  and  at  212  degrees lbs.  35,123  28,816 

Water  per  Hour. 

Equivalent  cA^aporation  per  hour  from  and  at  212  de- 
grees . .  .  .  : lbs.        3,512  3,602 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees per  sq.  ft.  heating  surface "  3 .  28  3 .  ^6 

Horse-power. 

Builders  rated  horse-power 107  107 

Horse-power  developed 101.8  104.2 
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TABLE  7.— Continued, 


Economic  Results. 

Water  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fired lbs. 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  coal " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible " 


7.30G 

8.518 

8.310 

10.13 

8.382 

10.22 

9.667 

11.16 

Efficiencies. 
Efficiency  of  boiler  and  grate per  cent. 


58.81 
60.47 


69.03 
69.9 


•     Analysis  of  Flue  Gases. 

CO^  Carbon  dioxide per  cent. 

O     Oxygen " 

CO  Carbon  monoxide " 

N     Nitrogen " 

Percentage  of  air  excess " 

Pounds  of  air  used  ber  pound  of  coal 


Vol. 

Wt. 

1  Vol. 

wt. 

7.9 

11.71 

10.12 

14.85 

10. 

10.79' 

9.12 

9.73 

.2 

.19 

!       .04 

.04 

81.9 

77.31 

'  80.72 

75.38 

86 

.9 

75.6 

17 

.7 

18 

6 

Heat  Balance. 

Loss  per  pound  of  coal  due  to  products  of  combustion 
"  "  "       air  excess 


Heat  used  in  evaporation . 


latent  heat 

unburned  coal 

CO  

radiation,  etc 2.738 

I  8,026 


B.T.U. 

:  1,049 

I 

j   796 

464 

I 

393 

I   181 


13,647 


^   1 

B.T.U. 

< 

7.69 

1,236 

8.75 

5.84 

831 

5.86 

3.37 

396 

2.79 

2.89 

132 

.93 

1,33 

»4 

.21 

20.07 

1,758 

12.41 

.58.?'1 

9,791 

69.03 

100. 

14,1')S 

100. 

25.  Trial  'No.  IGO  was  with  stronger  draft,  giving  a  rate  of  com- 
bustion of  29.07  pounds  of  coal,  but  in  comparing  this  trial  with 
No.  108,  it  should  be  born  in  mind  that  the  former  was  started  bv 
the  standard  method,  while  with  thelattor  the  alternate  method  was 
employed.  Taking  this  into  account,  tlie  true  evaporation  from 
and  at  212  degrees  Fahr.  for  trial  No.  108  would  be  practically 
8.74  pounds  of  water  per  pound  of  coal,  which  value  should  be 
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used  in  comparing  with  trial  'No.  160.  Making  this  correction  in 
the  heat  balance,  the  "  radiation  and  unaccounted  for  loss  "  would 
be  reduced  to  2,323  British  thermal  units,  or  17.1  per  cent.,  so 
that  in  comparing  the  two  trials  by  the  heat  balance,  the  reduced 
evaporation  for  trial  No.  160  is  due  to  higher  loss  in  products  of 
combustion,  in  excess  air  and  formation  of  CO. 
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Fig.  256. 


Trials  ISTos.  162  and  163  are  cases  where,  for  the  former,  boiler 
and  air  heater  were  used,  and  forced  draft  with  boiler  alone  for 
the  latter.  In  all  four  trials  with  Hacker  Eun  coal,  the  case 
where  the  air  heater  was  used  gave  the  highest  efficiency,  but  by 
a  very  small  amount. 

Trial  No.  167  is  a  case  where  the  grate  area  is  reduced  to  15 
square  feet,  giving  a  ratio  of  grate  to  heating  surface  of  1  to  71. 
Using  Fairmont  coal  with  an  average  forced  draft  of  +  .313 
inches  in  the  ash  pit  and  —  .228  inches  at  end  of  boiler,  giving  at 
a  net  draft  of  .541  inches  under  which  36  pounds  of  coal  were 
burned  per  square  foot  of  grate  per  hour,  the  boiler  generating 
31  per  cent,  more  steam  than  its  rated  capacity. 


.98 

95.9 

90.1 

29.40 

29.28 

29.3 

112.5 

110.20 

110.7 

.552 

.404 
.538 

.209 

—  .02 

+  .180 

-1-  .440 

THE    i:XrEKKMLNT    HOILKU    OF    TJIK    OHIO    STATIC    UMVLKSITV.     lli-ll 


T.MU.E  8. 

Kind  of  fuel  :   lliirkor?*  Kiiii. 

State  of  wont  lior Clear  Ovi-nast  .  Ovo  react 

Date  of  trials 15K)-J          Feb.  r.i  March  4  Manh  5 

Duration  of  trials Iiourb               9                       'J  U 

Number  of  trial 160                   Wi  )G3 


Average  Pressures. 


otcam  pressure  by  gage lbs.  per  sq.  in. 

Atmospheric  pressure  by  barometer .  .  ins.   mer. 

Absolute  steam  pressure lbs.  per  sq.  in. 

Force  of  draft  leaving  boiler ins.  water 

"      air  heater  ... 
"  "      or  blast  in  ash  pit " 


Average  Temperatures. 


External  air deg.  Fahr. 

Fire  room " 

Feed  water  entering  boiler ". 

Air  entering  ash  pit " 

Escaping  gases  from  boiler " 

"        "    air  heater " 


Fuel. 

Size  and  condition   Lump 

Method  of  firing Cross 

Thickness  of  fire inches,  0 

Total  weight  of  coal  fired lbs.  5,023 

Weight  of  coal  fired  during  test "  5,233 

Percentage  of  moisture  in  coal  by  analysis   ....  .So 

Weight  of  dry  coal  consumed  during  tes; .  .  .  lbs.  5, 1 S8 

Total  weight  of  ash  and  refuse "  621 

Combustible  consumed  during  test,  com- 
puted from  analysis  of  refuse "  4,553 

Weight  of  clinker  from  total  coal "  166 

Percentage  of  ash  and  refuse  to  coal  .per  cent.  10 .48 

"            clinker  to  coal "  2.8 


Proximate  Analysis  of  Coal. 


Fixed  carbon p>er  cent. 

Volatile  matter " 

Moisture " 

Ash '* 

79 


22.7 

34 

34 

57.9 

68 

53.6 

53.2 

53.6 

52 

57.9 

242 

53.6 

556 

572 
.     397 

702 

Lump 

Lump 

Cross 

Cross 

7h 

7 

5,333 

0,972 

4,608 

6,284 

.85 

.85 

4,628 

6,232 

553 

669 

3,971 

5,438 

162 

201 

10.33 

9.6 

3.02 

3.01 

53.55 

53.55 

53.55 

34.85 

34.85 

34  85 

.85 

.85 

.85 

10.75 

10.75 

10.75 

72.05 

72.05 

5.00 

5.00 

7.40 

7.40 

1.00 

1.00 

3.80 

3.80 

10.75 

10.75 

518.7 

698.2 

441.2 

604.2 

25.9 

34.91 
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TABLE  S.— Continued. 
Ultimate  Analysis  of  Coal. 

Carbon per  cent.  72 .  05 

Hydrogen  "  5 .00 

Oxygen  "  7.40 

Nitrogen  "  1 .00 

Sulphur "  3.80 

Ash "  10.75 

Analysis  of  Ash  and  Refuse. 

Ash percent.  84.20         75.75            84.30 

Volatile  combustible "  15.8          24.25            15.70 

Fuel  per  Hour. 

Coal  consumed  per  hour lbs.  581 .4 

Combustible  consumed  per  hour "  505. 1 

Coal  per  square  foot  of  grate  per  hour  ....."  29.07 
Combustible  per  square  foot  of  heating  sur- 
face per  hour "  .472             .412             .564 

Calorific  Value  of  Fuel. 

Calorific  value  per  pound  actual  coal 

by  Mahler  Calorimeter B.  T.  U.  13,647          13,647          13,647 

Calorific  value  per  pound  dry  coal "  13,764          13,764          13,764 

"             "            "        combustible.       "  15,438          15,438          15,438 

QuATiTY  OF  Steam. 

Percentage  of  moisture  in  steam per  cent.  1.7               1 .  27             1 .  48 

Quality  of  steam,  (dry  steam  =  unity)        "  .  983             .  9873           .  9851 

"       correction "  .9871           .9906           .989 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  36,568         34,741          45,704 

Equivalent  weight  of  water  actually  evapo- 
rated into  dry  steam "  36,106          34,414          45,201 

Factor  of  evaporation   1 .203           1 .2067         1 .2054 

Equivalent  weight  of  water  evaporated  into 

dry  steam  from  and  at  212  degrees lbs.  43,435          41,527          54,485 
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TABLE  8.— Continued. 


Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and 

at  212  degnn^s lbs.        4,820 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  per  sq.  ft.  heating  surface  "  4.51 


4,014 
4.31 


6,054 
5.665 


Horse-power. 


Builders  rated  horse-power 
Horse-power  developed  .  .  . 


107 
140 


107 
133.7 


107 
175.7 


Economic  Resultes. 

Water  apparently  evaporated  under  actujil 

conditions  per  pound  of  coal  as  fired  .  .  .  lbs.         G  989 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  coal "  8 .  30 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  dry  coal "  8 .372 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  of  combustible "  9 .  552 

Efficiencies. 

Efficiency  of  boiler  and  grate per  cent.       58.74 

"  59.74 


7.443 

7.272 

8.890 

8  668 

8.975 

8.742 

10.46 

10.02 

62.97 
64.81 


61.33 
62.06 


Analysis  of  Flue  Gases. 

'  Vol.     wt. 

CO,^  Carbon  dioxide per  cent.     8.02  n.89 

O     Oxygen "         j  10.38   11.19 

CO  Carbon  monoxide "         |      .6o|      .56 

N     Nitrogen "         ,  8i  .00  70.36 

Percentage  of  air  excess "  95 . 4 

Pounds  of  air  used  per  pound  of  coal  .  18.6 


Vol. 

Wt. 

Vol. 

Wt. 

9.41 

13.87 

ll.:J8 

16.64 

9.06 

9.71 

6.6S 

7.08 

.32 

.30 

.48 

.45 

81.22 

76.12, 

81.48 

75.  a3 

73.9 

45.3 

16 

2 

13 

7 

Heat  Balance. 


Loss  per  lb.  of  coal  due  to  products  combust 'n 

air  excess 


latent  heat  ... 
unburned  coal 

CO 

radiation,  etc.  , 


Heat  used  in  evaporation 

Total  heat  supplied >  13,647 


B.T.U. 

% 

1,261 

9.24 

1,048 

7.68 

466 

3.42 

307 

2.25 

525 

3.85 

2,024 

14.82 

8.016 

58.74 

■  13,647 

100. 

B.T.U. 

% 

B.T.U. 

% 

838 

6.15 

1,668 

12.23 

540 

3.97 

657 

4.82 

459 

3.36 

466 

3.42 

526 

3.85 

306 

2.24 

238 

1.74 

302 

2.22 

2,454 

17.08 

1,876 

13.74 

8,592 

62.95 

1 

8,-372 

61  33 

13,647 

100.    1 

13,647 

100. 
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Thermo-electric  pyrometer  readings  for  trial  ]No.  167.  Dura- 
tion of  trial,  9  hours — 8  a.m.  to  5  p.m. 

Time.  ABC                   Remarks. 

8.45  a.m.  2,810  1,440  880  

9.45    "  2,400  1,190  830  

10.45    "  2,600  1,250  940  

11.45    "  2,750  1,270  940  Sliced       11.30  a.m. 

12.45  p.m.  2,520  1,270  950  

1.45    "  2,460  1,190  880  

2.45    "  2,610  1,320  930  

3.45    "  2,600  1,250  940  Cleaned  3.00p.m. 

Average  .  .  2,594  1,272  911 

26.  Comparing  these  temperature  readings  with  those  of  trials 
Xos.  165  and  166,  it  will  be  observed  that  the  forced  draft  was  pro- 
ductive of  higher  furnace  temperatures  and  would  therefore  have 
caused  a  higher  efficiency  of  boiler  if  the  grate  area  had  been  so 
reduced  that  the  flue  temperature  had  been  practically  the  same, 
since  the  heat  balance  of  the  trials  in  comparison  shows  the  great 
difference  to  be  mostly  in  the  loss  due  to  products  of  combustion 
and  air  excess. 

One  of  the  many  interesting  points  shown  by  the  trials  here 
given  is  the  comparatively  high  rate  of  combustion  produced 
with  this  type  of  furnace  with  what  by  many  would  be  considered 
a  very  low  draft.  Trials  on  Ohio  coals  with  this  experiment 
boiler  have  given  a  rate  of  combustion  of  26  pounds  per  square 
foot  of  grate  per  hour  with  .19  inch  draft,  while  another  trial 
with  the  same  class  of  coal  gave  a  rate  of  41  pounds  with  a  draft 
of  .56  inch.  In  the  first  case  the  boiler  ran  11  per  cent,  above 
its  rating  and  in  the  second  75  per  cent. 

Another  point  is  the  fact  that  the  "  unaccounted  for  loss ''  per 
pound  of  actual  coal  does  not  go  below  10.7  per  cent. — that  ob- 
tained for  trials  ^os.  139  and  140.  With  one  exception  that  is 
the  lowest  ''  unaccountable  loss  "  obtained  with  this  boiler,  on 
which  up  to  the  present  time  sixty-six  heat  balance  trials  have 
been  conducted.  In  fact,  out  of  about  one  hundred  and  fifty 
trials  on  stationary  boilers  conducted  by  the  writer,  for  which 
there  are  complete  heat  balances  based  upon  the  calorific  value  of 
the  coal  by  the  Mahler  calorimeter  (determinations  made  by  Pro- 
fessor N.  W.  Lord,  or  under  his  direction),  there  has  been  only 
one  case  where  the  "  unaccountable  loss  "  has  gone  below  7  per 
cent,,  and  that  Avas  the  case  of  a  trial  on  a  battery  of  four  boilers. 


THE    EXPERIMKNT    IJOILEK   OF    THE    OHIO    STATE    UNIVEUSITY.     I2;>r> 

DISCUSSION. 

Mr.  A.  I)(  nh lit. — It  will  bo  i n tores tin;:^^  to  inak(>  a  ('t)in|)arison 
between  the  eniciency  of  an  ordinary  boiler  with  an  economizer, 
and  a  very  eificient  boiler  without  an  economizer.  For  this  I 
have  taken  the  trial  in  table  2,  No.  lOi  BE,  for  comparison  with 
the  performance  of  an  unusually  efficient  boiler  described  as  fol- 
lows: It  is  a  large  Heine  boiler,  17  tubes  high,  as  installed  by  the 
maker;  the  travel  of  the  gases  among  the  tubes  was  from  the 
back  lower  to  the  front  upper  corner;  on  tliis  diagonal  line  the 
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hot  gases  travelled  a  distance  of  about  13.3  feet  in  contact  with 
the  tube  surface,  or  in  other  words  had  what  is  known  as  the 
''Heine  pass,"  as  far  as  I  am  aware,  common  to  all  boilers  in- 
stalled by  the  maker  of  this  boiler.  Its  performance  when  evap- 
orating -Jr. 04  pounds  of  water  per  square  foot  of  heating  surface 
per  hour,  with  a  condition  of  combustion  represented  by  10.7 
per  cent.  CO^  and  no  CO,  resulted  in  the  gases  leaving  the  boiler 
at  278  degrees  Fahr.  above  steam  temperature.  To  increase  the 
efficiency  of  a  number  of  boilers  similar  to  this  one  described, 
Mr.  W.  L.  Abbott  and  myself  devised  an  arrangement  of  baffles, 
which  caused  the  gases  to  travel  a  distance  of  about  3G  feet  in 
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contact  with  the  tube  surface.  This  was  accomplished  hy  the 
insertion  of  two  additional  liorizontal  baflles,  which  cause  the 
gases  to  flow  forward  among  a  portion  of  tlie  tubes  at  the  bottom 
of  the  boih3r,  tlien  back  among  a  portion  of  the  middle  tubes, 
thence  forward  again  among  the  tubes  at  the  top.  The  result  of 
this  improvement  was  that  the  gases  left  at  92  degrees  Fahr.  above 
steam  temperature  when  evaporating  4.17  pounds  of  water  per 
square  foot  of  heating  surface  per  hour,  with  a  condition  of  com- 
bustion represented  by  10.3  per  cent.  CO^  and  no  CO.  It  is  ray 
understanding  tliat  this  is  the  first  application  of  such  method  of 
baffling  applied  to  a  Heine  boiler;  the  makers,  however,  state  that 
they  have  considered  such  scheme  in  connection  Avith  their  boilers. 
The  comparison  of  efficiency  is  based  on  the  relative  cooling 
effect  produced  on  the  hot  gases  by  boiler  and  economizer  in  one 
case,  and  by  the  boiler  only  in  the  other.  Eadiation  would  be 
responsible  for  a  very  slight  cooling  effect,  not  enough,  however, 
to  be  considered,  and  may  be  assumed  to  be  the  same  in  each  case, 
as  each  apparatus  is  well  set.  The  efficiency,  or  cooling  effect 
may  be  oppressed  by 

^  _  7?1  -  ^2 
^  -         ^1        ' 

R  1  being  the  initial  rise  in  temperature,  or  temperature  in  tne 
furnace,  and  R  2  the  final  rise,  or  temperature  of  gases  leaving 
above  the  temperature  of  the  cooling  medium  the  water  in  the 
boilers  and  enconomizer. 

The  performance  of  the  two  apparatus  is  as  follows: 

B.  &  W.  and  Improved 
Economizer.  boiler. 
Pounds  of  water  evaporated  per  square  foot  of  lieating  sur- 
face per  hour , 3.8  4.17 

Temperature  of  cooling  medium,  average .          272  377 

"              "         "               "          water    entering    econo- 
mizer        49 . 9 

Final  rise  above  average  temperature  of  cooling  medium. .            88  92 

Final  rise  above  water  entering  economizer 310 

CO2 10.82  10.3 

CO 0.23  0.0 

Coal West  Va.  Illinois. 

Assuming  that  the  final  rise  in  temperalaro  would  be  constant 
throughout  the  full  range  of  the  initial,  the  efficiency  or  cooling 
effect  of  the  improved  boiler  is  illustrated  by  curve  A  of  the  dia- 
gram (Fig.  257).     With  the  combined  boiler  and  economizer  if  the 
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iinal  liso  is  taken  Jis  iMo  (l(»«ri'0('s,  tlu^  ellicicMioy  is  illustratcMl  by 
curve  />;  this,  howovei',  is  not  correct,  because  40. t>  is  not  the 
average  temperature  of  tlie  cooling  modiuin,  it  is  the  tem])era- 
ture  in  tlie  last  end  of  the  econcnnizer  only,  leasing  the  final 
rise  on  the  average  temperature  of  the  cooling  nH^lium  gives  88, 
only  4  (legriH^s  below  that  of  the  improved  boiler,  tlu;  clliciencv 
of  boiler  and  enconomizer  being  so  near  that  of  the  improved 
boiler  alone  as  to  fall  almost  on  the  same  line.  With  the  B.  & 
AV.  there  was  some  carbon  monoxide  Avhich  would  influence  the 
initial  temperature,  but  oi\  the  other  hand  the  coal  used  with  the 
improved  boiler  contained  about  1 1  per  cent,  of  moisture,  there- 
fore it  may  be  assumed  that  the  initial  temperature  was  the  same 
in  each  of  the  tests.  With  the  improved  boiler,  however,  the  work 
performed  per  square  foot  was  about  9  per  cent,  greater,  and  if  the 
combined  boiler  and  economizer  had  worked  at  the  same  capacity, 
its  final  rise  in  temperature  Avould  have  been  at  least  as  high  as 
that  of  the  improved  boiler.  From  the  foregoing  it  appears  that 
the  combination  of  this  particular  boiler  and  its  economizer  has 
no  greater  efficiency  than  that  of  the  improved  boiler  alone. 

Regarding  the  depreciation  of  the  heating  surface  of  a  l)oiler 
in  the  immediate  vicinity  of  the  fire,  the  explanation  offered  is 
not  in  my  opinion  the  true  one,  and  it  does  not  appear  that  there 
is  any  evidence  to  support  the  assumption  that  such  effect  is  pro- 
duced by  the  process  of  combustion.  In  my  opinion  this  trouble 
is  caused  by  such  portion  of  the  heating  surface  being  called 
upon  to  transfer  more  heat  than  is  absorbed,  which  results  in 
overheating  of  the  metal.  Some  examples  and  their  remedy 
may  be  mentioned.  A  return  tubular  boiler,  set  just  back  of 
the  furnace  so  that  the  head  of  the  boiler  and  tubes  only  were 
used  as  heating  surface,  gave  great  trouble  from  the  tubes  leak- 
ing. The  remedy  consisted  in  locating  a  drum  below  the  grate 
surface  and  a  short  distance  forward  of  the  end  of  the  boiler; 
over  the  furnace  and  just  above  the  lower  one  another  drum  was 
placed;  these  were  connected  by  a  number  of  straight  vertical 
tubes.  The  lower  drum  was  connected  to  the  boiler  below  the 
water-line,  and  the  upper  one  to  the  boiler  above  the  water. 
This  resulted  in  sufficient  reduction  of  the  temperature  of  the 
ofases  to  relieve  the  boiler-head  of  a  sufficient  amount  of  work 
to  stop  the  trouble.  Another  similar  case  was  remedied  by  cov- 
ering the  boiler-head  with  a  refractory  non-conducting  material, 
but  leaving  openings  opposite  the  tubes.     In  each  of  these  cases 
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there  was  less  surface  in  the  boiler-head  than  there  was  in  the 
o-rate,  and  it  was  this  limited  area  which  received  the  full  force  of 
the  high  temperature,  because  the  hot  gas  did  not  reach  the  tube 
surface  until  after  leaving  the  head.  With  some  styles  of  hori- 
zontal water-tube  boilers  the  bottom  half  of  the  lower  row  of 
tubes  is  exposed  directly  to  the  furnace  and  those  above  cut  off 
by  a  tile  baffle.  This  lower  row  gives  considerable  trouble  from 
overheating,  especially  when  the  boiler  is  worked  at  a  fair 
capacity.  When  it  is  considered  that  as  much  as  35  to  40  pounds 
of  water  may  be  evaporated  per  hour  from  a  square  foot  of  sur 
face  so  located,  it  is  readily  apparent  that  it  Avill  not  take  many 
square  feet  of  surface  to  evaporate  more  water  than  can  find 
entrance  to  the  tube.  With  such  cases  as  this,  if  the  heat  trans- 
fer to  a  portion  of  the  surface  is  cut  off,  the  trouble  will  be 
remedied;  it  may  be  accomplished  by  building  an  arch  over  the 
fire,  so  that  it  extends  some  distance  under  the  boiler,  or  by 
encircling  the  lower  tubes  for  a  portion  of  their  length  with  a 
refractory  non-conducting  tile.  This  results  in  reducing  the  evap- 
orating capacity  of  a  tube,  and  consequently  its  water  supply 
may  then  be  sufficient. 

The  composition  of  the  ash  and  refuse  is  given  as  ash  and 
volatile  combustible;  I  do  not  understand  what  is  meant  by  the 
latter.  Dry  refuse,  as  it  would  accumulate  in  the  ash  pit,  could 
contain  ash,  coke  and  coal,  and  its  proximate  analysis  would 
show  ash,  fixed  carbon  and  volatile  matter,  the  latter  being 
mostly  combustible. 

The  unaccounted  for  loss  of  the  heat  balance  is  a  considerable 
item,  and  it  would  appear  that  if  it  is  desirable  to  maintain  a 
special  steam-generating  apparatus  for  the  purpose  of  experi- 
ment, that  it  would  be  profitable  to  study  the  loss  owing  to 
escaping  hydrocarbons. 

Mr.  R.  S.  Hale. — Professor  Hitchcock's  paper  is  an  admirable 
contribution  to  the  literature  of  the  subject,  and  is  a  refreshing 
contrast  to  the  mass  of  boiler  trials,  which  are  valueless  because 
without  complete  data.  It  is  a  pity  that  some  of  the  data  that 
have  filled  previous  volumes  of  the  proceedings  could  not  have 
been  omitted  so  as  to  furnish  room  for  the  really  valuable  data 
which  have  been  omitted  from  the  printed  matter  of  the  Pro- 
fessor's paper  on  account  of  lack  of  space.  I  should  like  to  dis- 
cuss the  paper  in  extenso,  but  will  merely  touch  on  one  point 
which  I  fear  may  be  misleading. 


Tin-:    KXPEIMMKNT    nOILKU    OK    TIIK    OHIO    STATK    UNIVERSITY.     1  L^ol) 

The  statonicnt  in  i);ira<;r;i])li  24  to  the  effect  that  tlic  error  of  th(; 
staiuhii'd  method  is  r»  per  cent.,  <hjes  not  say  whetlier  this  is  the 
probahle  or  inaxinunn  error,  while  on  i)a<.^e  )>7  it  is  iiMj)lie(l  that 
this  5  per  c(Mit.  is  rather-  in  th(^  natnre  of  a  correction  than  a 
true  error. 

The  results  of  trials  134  to  145,  wliich  Professor  Jlitchcock 
has  kindly  sent  :iie,  show  very  nicely  the  ])rol)al)le  error  of  the 
alternate  method.  Omitting  trials  i:>4  and  14r>,  which  were 
partly  by  the  standard  method,  we  have  ten  trials.  The  evap- 
oration, of  course,  varies  slightly  with  the  air  supply,  etc.,  Ijut 
the  variations  in  the  per  cent,  unaccounted  for  show  better  than 
anything  else  the  errors,  and  we  find  that  the  average  variation 
from  the  mean  of  the  per  cent,  unaccounted  for  in  these  ten 
trials  was  2.1  per  cent.,  the  maximum  variation  was  3.4  per 
cent.,  and  the  probable  error  of  each  test  2  percent.,  and  the 
probable  error  of  the  mean  j\  per  cent.  These  probaljle  errors 
are  computed  from  the  actual  variations,  not  from  the  least 
square  method,  but  the  difference  of  the  least  square  method 
would  be  neHio^ible. 

These  percentages  are  in  per  cent,  of  the  heat  of  the  coal.  In 
per  cent,  of  the  evaporation  the  probable  error  of  each  six-hour 
test  would  be  roughly  3  per  cent.,  and  the  probable  error  of  the 
mean  of  the  ten  tests  1  per  cent. 

These  figures  are  based  on  the  assumption  that  the  true  ""  un- 
accounted for'^  loss  was  constant.  It  mav  have  been  that  the 
condition  of  the  fire  in  respect  to  cleaning  changed  the  '^un- 
accounted for"  loss,  rather  than  caused  an  error  in  the  estima- 
tion of  the  weight  of  the  net  dry  coal  on  the  grate.  I  Avill  refer 
to  this  point  later. 

These  figures  show  the  probable  error  of  the  alternate  method. 
Trial  134  and  145  were  each  parti v  bv  the  standard  method. 
Trial  134  began  with  cold  boiler-walls,  hence  very  naturally 
shows  a  high  ''unaccounted  for,"  and  shows  nothing  about  the 
accuracy  of  the  method.  Trial  145,  I  understand,  ended  with 
hot  boiler- walls — i.e.,  with  walls  in  the  same  condition  as  when 
it  began.  It  gives  exactly  the  same  ^'unaccounted  for"  as  the 
mean  of  all  the  trials,  hence,  so  far  as  it  goes,  shows  that  the 
standard  method  is  more  accurate. 

Trials  108  and  114  were,  so  far  as  T  can  judge,  not  correctly 
conducted.  As  I  understand  the  standard  method,  the  boiler 
should  be  brought  in  all  respects  to  working  condition,  then  the 
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test  started  by  drawing  fires,  and  the  test  ended  by  (Irawin*,^ 
fires  when  the  boiler  is  in  exactly  the  same  condition  as  it  was 
just  before  the  test  began.  In  trials  108  and  114,  apparently 
the  fires  were  started  and  steam  gotten  up,  but  the  walls  were 
not  fully  heated  when  the  test  began,  while  at  the  end  of  the 
test  the  walls  were  fuily  heated.  It  was  there  only  to  be  ex- 
pected that  the  standard  method  would,  under  these  circum- 
stances, show  about  5  per  cent,  less  evaporation  than  the  alter- 
nate method,  and  this  figure  coincides  fairly  well  with  the 
difference  between  trials  134  and  135,  where  the  Avails  were  en- 
tirely cold  at  the  start  of  134.  Trials  108  and  114  show  to  my 
mind  that  if  the  standard  method  is  properly  conducted  it  will 
give  the  same  results  as  the  alternate.  I  admit  that  the  word- 
ing of  the  code  is  not  sufficiently  clear  that  the  test  must  be 
ended  in  exactly  the  same  way  as  it  was  begun,  or  rather  it  fur- 
nishes no  criterion  such  as  Professor  Hitchcock's  noting  the 
time  for  the  steam  pressure  to  rise  1  pound.  I  would  also  note 
that  it  is  possible  to  judge  a  standard  method  test  so  as  to  give 
the  reverse  result.  If  the  boiler  is  worked  to  its  full  extent 
right  up  to  the  time  of  starting  the  test  the  walls  will  be  very 
hot,  while  if  at  the  end  of  the  test  the  boiler  is  worked  easily  for 
a  couple  of  hours  the  walls  will  cool  down  to  some  extent,  and 
the  result  will  be  a  slightly  higher  evaporation  than  the  true  one. 

In  all  our  work  we  must  distinguish  when  we  can  between 
accidental  errors  of  observation,  such  as  in  figuring  the  amount 
of  coal  on  the  grate,  and  errors  of  method  such  as  comparing 
two  tests  where  the  air  supply  or  other  conditions  are  different. 
The  assumption  that  the  "unaccounted  for"  ''loss"  in  the 
series  of  trials  134  to  145  was  constant  is  not  necessarily  correct, 
as  the  variations  might  be  due  to  something  else  than  errors  in 
the  observation  of  the  fire,  but  as  the  tests  stand  we  have  no 
safer  way  than  to  assume  the  "unaccounted  for"  "loss"  con- 
stant. 

A  similar  line  of  reasonino;  shows  that  in  the  alternate  method 
there  is  no  chance  for  any  error  of  method,  hence  if  enough  tests 
are  made  the  errors  of  observation  (which  are  as  apt  to  be  plus 
as  minus)  cancel  out,  so  that  the  avera,ge  gives  the  correct  result. 

On  the  other  hand  the  standard  method,  while  less  liable  to 
errors  of  observation,  is  liable  to  a  possible  error  due  to  change 
of  conditions  during  the  few  minutes  when  the  fire  is  being 
drawn. 
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Tests  lOS,  111,  1:M  aiul  11.)  in  Profc^ssor  1 1  ildicock's  pajxT, 
li()wever,  seem  to  sliow  that  if  |)n)j)(^r  can^  is  taken,  as  stai'tin*^ 
and  iinishiiiij^  with  the  walls  (M|ually  hot,  the  staiKhird  method 
will  give  exactly  the  same  result  as  th(5  mean  of  a  lai-^c  numhcr 
of  tests  on  the  alternate  method.  Hence  the  error  of  m(.'tiiod  of 
the  standard  method  is  negli<»ible.  They  would  thei-ei'ore  fully 
confirm  the  wisdom  of  the  lioiler  ('ode  Committee  in  making 
drawing  lires  the  standard  method,  since  there  is  no  question  but 
what  the  probable  and  possible  eiTors  of  observation  are  far 
greater  with  the  alternate  method.  While  l^rofessor  Hitchcock's 
tests  show  that  he  can  conduct  a  six-hour  test  on  the  alternate 
method  with  a  probable  error  of  about  3  ])cr  cent,  and  a  maxi- 
mum variation  from  the  mean  of  about  5  per  cent,  in  ten  tests, 
yet  with  care  to  have  the  same  conditions  at  the  beginning  and 
end  of  the  tests  the  standard  method  would  in  six-hour  tests 
have  been  even  more  accurate.  On  the  other  hand,  with  care- 
less testing,  I  think  the  maximum  error  of  the  standard  method 
is  hardly  more  than  5,  perha})s  10  per  cent.,  Avhile  tlio  alternate 
method  in  careless  hands  can  easily  give  lOO  per  cent,  error. 

Mr.  Allan  Stirling. — At  t.he  first  meeting  of  this  Society  in 
1880,  I  read  a  paper  on  boilers,  and  I  am  glad  to  take  part  in 
this  discussion,  as  the  boiler  question  is  still  of  prime  importance. 

In  paragraph  2  of  this  paper  Mr.  Hitchcock  gives  it  as  his 
opinion  that  "  every  boiler  furnace,  stoker  or  hand  fired,  where 
bituminous  coal  is  used,  should  have  fire-brick  arch  extending  the 
length  of  the  grate-bars,  not  only  for  the  purpose  of  obtaining 
high  furnace  teinperatures,  but  more  complete  combustion."  In 
this  opinion  I  heartily  concur,  and  in  all  the  numerous  boilers 
which  have  been  built  from  my  designs  this  feature  is  common, 
and  it  is  a  feature  that  has  also  been  retained  in  the  new  boiler, 
the  Maxim,  in  which  I  am  now  interested.  I  am  of  the  opinion, 
however,  that  the  cause  of  the  heavy  depreciation  and  failure  of 
boiler-heating  surfaces  directly  over  a  fire  at  a  high  rate  of  com- 
bustion, with  the  highly  volatile  coals,  referred  to  by  Mr.  Hitch- 
cock as  somewhat  mysterious,  can  be  found  in  every  case.  In 
the  Stirling  boiler,  for  instance,  the  flame  cuts  very  keenly  at 
the  front  tubes  at  the  end  of  the  arch,  and  failures  of  tubes  at 
this  point  are  due  to  this  cause,  combined  \w\\X\  defective  circula- 
tion. In  the  Maxim  boiler  this  has  been  entirely  corrected,  and, 
although  a  number  of  Maxims  have  been  subjected  to  very  severe 
service  for  a  number  of  years,  there  have  been  no  failures  of  tubes. 
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'I1io  i'ailiiros  of  tubes  over  the  fire  in  the  7>al)cock  boilers  are,  in  my 
opinion,  duo  to  imperfect  circulation  and  an  accumulation  of  scale. 

In  ])aragTapli  3  of  this  ])aper  the  writer  says  that  the  floor  space 
was  limited.  It  wouhl  be  dillicult  to  select  a  boiler  which  Avould 
take  up  more  floor  s})ace  than  a  Babcock  boiler  with  a  Dutch 
oven  in  the  front.  The  Maxim  boiler  takes  only  the  floor  space 
required  for  the  grate,  or,  in  this  case,  only  the  space  taken  up 
by  the  Dutch  oven,  and  the  space  occupied  by  the  Babcock  boiler 
would  be  free  for  other  purposes. 

The  boiler  selected  has  also,  in  my  opinion,  the  needless  com- 
plication of  two  doors  for  each  tube. 

As  to  the  radiation  loss,  I  understand  the  writer  of  the  paper 
puts  it  at  from  10  to  20  per  cent.  In  a  recent  number  of  Engi- 
neering I  observe  that  Mr.  Strohmeyer,  the  chief  engineer  of  the 
Manchester  Association,  emphasizes  this  loss  as  one  of  the  great 
objections  to  the  water-tube  boiler.  In  the  Maxim  boiler  this 
loss  has  been  entirely  overcome,  and,  indeed,  turned  into  a  posi- 
tive gain.  I  believe  it  was  Mr.  Iloadley — the  father  of  the  genial 
assistant  to  our  very  efficient  Secretary — v*^ho  first  called  my 
attention  to  the  fact  that  the  benefit  of  heated  air  supplied,  to 
the  ash-pit  was  not  only  the  additional  heat  units  supplied,  but 
it  gave  better  combustion  of  the  fuel,  because  the  air  supply  was 
heated.  Now  the  Maxim  boiler  has  this  peculiarity  over  any 
other  practical  boiler,  that  doors  into  the  ash-pit  can  be  put  both 
at  the  front  and  at  the  back.  Maxim  boilers  are  set  in  battery 
without  any  space  between;  the  usual  space  at  each  end  and  at 
the  back  is  cut  off  from  the  fire-room  by  walls  that  are  carried 
up  to  the  top  of  the  boiler-setting.  The  front  ash-pit  doors  are 
always  shut,  and  the  back  ash-pit  doors  are  always  open.  The 
result  is  that  the  heated  air  from  the  boiler-setting  is  taken  into 
the  ash-pit,  thus  recovering  the  heat  that  would  otherwise  go 
out  through  the  ventilator,  and  thereby  increasing  the  economy 
by  better  combustion  due  to  heated  air  supplied  to  the  ash-pit, 
and  all  this  without  any  air-heater  or  other  apparatus  for  heat- 
ing the  air. 

On  the  last  page  of  the  paper  the  statement  is  made  that  out 
of  about  150  trials  there  has  been  only  one  case  where  the  un- 
accountable loss  has  gone  below  7  per  cent.,  and  that  was  the 
case  of  a  trial  on  a  battery  of  four  boilers.  This  emphasizes  one 
advantage  of  setting  a  number  of  boilers  in  battery.  We  set 
any  number  of  Maxim  boilers  in  one  battery,  because  we  do  not 
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rccjuire  to  fjft'l  at  the  sides  of  tlic  hoiln^  as  everything  is  gotl<n 
at  from  the  firc-rooni. 

If  I  still  hiive  a  little  time,  ^Ir.  President,  I  will  make  a  sketch 
on  the  blackboard  showing  how  we  set  these  boilers.  Here  is 
a  battery  of  boilers,  sav,  four  or  six,  as  voii  choose,  which  are 
set  close  together  without  any  space  l)etween.  Here  is  the  l»ack 
wall  of  Ihe  boiler-room — the  end  wall,  the  front  wall.  AVe  set 
the  boilers  in  that  shape,  and  we  build  a  wall  here  which  would 
be  carried  up  to  the  to])  of  the  boiler-setting.  That  cuts  tjjis 
space  off  entirely  from  the  fire-room.  Vou  see,  our  furnace 
goes  right  through  from  front  to  back.  AVe  have  doors  back 
here  into  the  ash-pit.  The  front  ash-pit  doors  are  always  shut, 
and  the  only  way  that  the  lire  can  get  air  is  to  draw  it  in  from 
this  si)ace  here.  The  fire-room  is  cool  because  the  air  circulates 
up  over  the  setting,  and  down  in  the  space  behind,  and  all  the 
heated  air  is  taken  into  the  ash-pit  which  also  improves  the  com- 
bustion because  heated  air  is  supplied  to  the  coal. 

Mr.  A.  A.  Cary. — This  paper  describes  a  very  interesting 
boiler  plant,  allowing,  as  it  does,  a  considerable  range  of  investi- 
gation concerning  the  generation  of  steam  under  a  number  of 
different  conditions. 

I  am  pleased  to  note  that  some  provision  has  been  made  in  this 
plant  to  study  the  economy  of  fuel  under  different  conditions  of 
furnace  design;  a  most  important  subject  which  has  hitherto 
received  altogether  too  little  attention  in  our  technical  schools. 

There  is  no  one  form  of  furnace  equally  adapted  to  all  kinds 
of  coal,  and  the  difference  in  design  between  a  furnace  adapted 
to  burn  anthracite  coal  and  one  adapted  to  burn  a  bituminous 
coal  carrying,  say,  50  per  cent,  volatile  matter,  is  very  great 
indeed,  while  between  such  extremes  a  number  of  different  con- 
structions will  be  found  necessary  to  secure  proper  fuel  economy 
and  not  only  must  furnace  design  be  considered,  but  the  matter 
of  handling  the  fuel  in  the  furnace  is  equally  important. 

I  notice  that  this  boiler  equipment  also  affords  the  student  an 
excellent  opportunity  to  learn  by  actual  test  the  relative  merits 
of  various  boiler  attachments,  such  as  are  found  in  use  in  many 
steam  plants.  Some  of  these,  when  properly  a])plied,  lead  to 
economies  which  make  them  desirable  investments,  while  othei^ 
prove  most  disappointing,  and  they  sometimes  are  the  source  of 
considerable  trouble  and  even  loss. 

I  notice  that  this  boiler  plant  is  equipped  with  an  apparatus 
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for  pre-heating  the  air  supplied  to  the  furnace,  utilizing'  the  hot 
waste  gases  to  accomplish  this  heating. 

Theoretically,  this  is  a  most  attractive  proposition,  but  prac- 
tically, it  seems  that  the  theoretical  requirements  have  been  so 
insufficiently  met  that  this  form  of  apparatus  might  be  classified 
as  a  questionable  investment. 

The  pre-heater  described  in  this  paper  contains  851  two-inch' 
tubes,  each  8  feet  in  length.  It  contains  1,330  square  feet  of 
heating  surface,  while  the  boiler  to  which  it  is  attached  contains 
1,070  square  feet  of  heating  surface,  making  a  ratio  between  the 
heating  surface  in  the  heater  and  that  in  the  boiler  of  practically 
1.243  to  1.  Further,  we  see  that  the  tests  given  show  an  aver- 
age increase  in  the  temperature  of  the  air  of  0.26  of  a  degree  per 
each  square  foot  of  air-heater  surface  presented. 

This  corresponds  ver^^  well  to  the  results  obtained  in  a  series 
of  tests  conducted  by  United  States  naval  engineers  using  a  Bab- 
cock  &  Wilcox  marine  boiler  equipped  with  an  air-heating  de- 
vice. In  these  tests  the  increase  of  air  temperature  per  square 
foot  of  air-heater  surface  w^as  0.2636  degree  Fahr.,  but  in  this 
equipment  the  ratio  of  the  boiler  surface  to  the  air-heater  sur- 
face was  as  1  is  to  5.33. 

In  the  well  known  boiler  tests  conducted  by  Mr.  J.  C.  Iload- 
le}''  in  1881  and  1882,  and  reported  before  the  Society,  he  used 
an  air-heating  device  containing  a  greater  amount  of  heating 
surface  than  was  contained  in  his  boiler,  the  comparative  ratio 
being  as  1.6  is  to  1,  and  with  this  extended  surface  he  only  suc- 
ceeded in  increasing  his  air  temperature  0.132  degree  Fahr.  per 
square  foot  of  air-heater  surface. 

Mr.  Bennis,  whose  name  is  well  know^n  in  England  in  connec- 
tion with  an  automatic  sto]v:er,  in  order  to  demonstrate  the  fal- 
lacy of  certain  claims  made  by  an  ^'  enthusiastic  "  inventor  of  an 
air-heating  device,  experimented  with  50  feet  of  two-inch  pipe 
which  he  heated  red  hot,  and  maintained  this  temperature  while 
he  forced  air  through  it  at  the  rate  of  1,000  feet  per  minute. 
The  increase  in  the  temperature  of  this  air  under  such  extraor- 
dinary conditions  was  0.75  degree  Fahr.  per  square  foot  of  air- 
heater  surface. 

In  the  Babcock  &  Wilcox  .boiler  tests,  just  mentioned,  a 
number  of  tests  showed  only  one-half  of  1  ])er  cent,  gain  in 
efficiency,  due  to  the  use  of  the  pre-heated  air,  while  the 
maximum  gain  during  all  tests  was  2^  per  cent.,  which  results 
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are  vorv  (lise()Ui'a«:,ini::  \v1m'!i  wc  -.wt^  ciinsiM-'riDL'  ilie  iulopLicjii  of 
air-heaters. 

Recentlv  there  have  been  a  luiiiiber  of  devices  for  pre-heatin"" 
air  offered  to  the  steam  using  public,  whose  inventors  or  manu- 
facturers claim  wonderful  saving  in  coal  consumption  when  their 
devices  are  used,  but  with  the  results  I  have  given  before  us,  it 
Avill  certainly  pay  the  prospective  purchaser  to  make  a  very  care- 
ful investigation  of  the  device  before  making  such  an  investment. 

J//'.  Jo/tn  JfrGeor(/c. — I  would  like  to  say  a  little  on  this  sub- 
ject of  pre-heating  air,  as  there  seems  to  be  some  misunderstand- 
ing about  it.  It  seems  to  me  that  there  is  no  value  or  economy 
in  pre-heating  air  unless  you  have  waste  heat.  In  o[)en  hearth 
furnaces  we  have  considerable  surplus  heat  from  the  ])rocess  of 
combustion  because  we  have  to  maintain  such  a  higli  temj)era- 
ture,  and  that  can  be  utilized  in  heating  the  air  for  coml)Ustion. 
But  there  is  another  side  to  the  subject.  If  you  attempt  to  burn 
gas  from  coal,  or  to  burn  coal  to  gas — -either  case  will  illustrate 
what  I  want  to  get  at — you  must  maintain  a  certain  tempera- 
ture to  enable  that  combustion  to  take  place.  In  other  words, 
there  is  the  heat  of  combustion  as  well  as  the  heat  produceil  by 
combustion.  In  the  old  days  when  I  was  with  a  boiler  insur- 
ance company  we  received  many  reports  showing  a  furnace 
directly  under  the  boiler,  where  the  flame  of  combustion  com- 
ing against  the  cold  water  was  checked  in  combustion  and  so 
produced  soot  or  smoke.  Xow,  if  you  take  the  same  combus- 
tion under  an  arch  you  get  that  combustion  complete  before  it 
touches  the  cold  surfaces.  (And  when  I  say  cold  surfaces,  I 
mean  comimrativelv  cold  surfaces.)  Then  vou  will  have  the  full 
value  of  furnace  combustion  going  to  heat  the  water  in  the 
boiler.  Here,  it  seems  to  me,  is  the  value  of  pre-heating  the  air 
if  vou  cannot  use  the  reverberatorv  arch.  Then  vou  heat  the 
air  to  begin  with  to  supply  the  heat  of  combustion,  and  you  get 
a  better  value  of  the  products  of  combustion.  But  if  you  have 
a  good  arch  so  that  the  combustion  is  not  checked  until  it  is 
complete,  then  it  seems  to  me  that  there  is  no  value  in  pre-heat- 
ing the  air;  I  mean,  no  comparative  value,  simply  as  a  matter 
of  economy. 

2L\  A.  A.  Canj. — As  far  as  the  actual  value  of  heated  air  for 
use  in  our  furnaces  is  concerned,  there  is  no  question  concerning 
its  value. 

To  illustrate  this,  let  us  suppose  the  temperature  of  the  outside 
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air  to  be  60  degrees  Fahr.,  and  that  of  the  escaping  gases  000  de 
grees  Fahr.  Further,  let  us  suppose  that  double  the  theoretical 
amount  of  air,  required  for  combustion,  is  supplied  to  our  fur- 
nace. There  will  be  required  to  raise  this  excess  air  from  60 
degrees  to  600  degrees,  about  1,487  heat  units,  which  is  about 
10  per  cent,  of  the  heat  of  combustion  developed  by  burning  one 
j)ound  of  carbon  to  carbon  dioxide.  The  nearer  the  temperature 
of  the  air  (supplied  to  the  furnace)  is  to  that  of  the  escaping 
gases  the  less  this  loss  will  be. 

The  point  I  wished  to  call  attention  to  in  my  discussion  Avas, 
the  excessive  cost  necessary  for  a  device  Avhich  would  yield  but 
poor  returns,  and  the  experience  of  J.  C  Hoadley  Avas,  that  his 
air-heater  v,^as  extremely  troublesome  and  expensive  from  a  point 
of  repairs. 

The  loss  due  to  the  introduction  of  cold  air  into  the  furnace  is 
not  measured  alone  by  the  quantity  of  heat  required  to  raise  its 
temperature  to  that  of  the  escaping  gases,  but  the  colder  the  air 
the  greater  is  its  tendency  to  lower  the  furnace  temperature  be- 
low the  critical  temperature  of  ignition  of  the  gases  distilled  from 
the  coal  (which  would  tend  to  cause  further  loss  due  to  incom- 
plete combustion). 

When  air  is  introduced  above  the  firebed,  theoretically  (to 
avoid  loss  due  to  its  temperature),  it  should  not  be  less  than 
1,400  degrees  Fahr.  (the  ignition  temperature  of  Marsh  gas). 

Air  at  600  degrees  Fahr.  introduced  at  tiiis  point  would  tend 
to  check  combustion  and  thereby  cause  a  loss. 
.  Mr.  Wm.  Kent. — The  most  remarkable  showing  about  these 
tests  are  the  figures  shown  in  the  last  line  of  Table  Y,  on  page  30 
of  the  paper,  the  loss  of  heat  due  to  radiation,  absorption,  etc.,  per 
pound  of  actual  coal.  In  the  different  tests  the  figures  are:  13.9, 
11.4,  10.  Y,  12.2,  11.0  and  11.8  per  cent.  On  page  41  a  loss  of  as 
much  as  17.98  per  cent,  is  noted.  That  is,  with  this  boiler  espe- 
cially built  for  tests,  with  all  the  facilities  at  hand  in  the  Uni. 
versity  for  making  analysis,  losses  running  from  10  per  cent, 
upwards  have  to  be  reported  as  unaccounted  for.  Certainly, 
there  is  something  wrong  and  it  should  be  searched  for  and 
found  out.  The  radiation  loss  on  an  ordinary  boiler  is  not  over 
2  per  cent. ;  though  it  may  be  4  or  5  per  cent,  for  this  particu- 
lar construction  on  account  of  the  large  surface  exposed.  But 
the  radiation  ought  to  be  reduced  not  over  2  to  3  per  cent. 

Concerning  the  statement  in  the  paper  (page  3)  regarding  an 
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oxteiuled  Jirch,  extending  the  full  length  of  the  grate-bars,  thery 
is  no  doubt  that  the  author  is  entirely  riglit  in  the;  statement 
that  '"afire-brick  ai'ch  sliould  extend  the  lenyfth  of  (heirrate- 
bars,  for  the  purpose  of  obtaining  high  furnace  temperatures  and 

more  complete  combustion "     That  is  all  right  as  far  as  it 

goes,  but  then  he  adds:  ''  Since  there  are  many  cas(\s  in  ])ractice 
where  there  have  been  heavy  depreciation  of  the  boiler  heating 
surfaces  located  dii'fictly  over  a  lire  of  high  rate  of  combustion 
with  high  vohitile  coals,  and  the  failures  could  be  attributed  to 
no  other  cause."  That  part  of  it  needs  to  be  modified.  If  we 
allow  the  gases,  while  in  a  state  of  combustion,  to  touch  the 
comparatively  cold  surface  of  the  boiler  they  will  be  chilled  and 
part  of  them  will  go  off  unburned.  The  statement  that  there 
are  many  cases  where  ''  there  has  been  heavy  de})reciation  of  the 
heating  surfaces  directly  over  a  fire  of  high  combustion  and  Avitli 
high  volatile  coals  and  the  failures  could  be  attributed  to  no 
other  cause,"  is  not  strictly  accurate.  The  failure  must  be 
attributed  to  some  other  causes  than  the  impingement  of  the 
gases  on  the  tube.  AVherever  there  is  a  very  high  temperature, 
whether  from  radiation  or  combustion,  impinging  on  the  sur- 
face of  a  heating  boiler,  and  that  surface  is  scaled  or  greased  on 
the  other  side,  it  is  liable  to  burn  out.  If  we  have  grease  and 
scale  on  the  inside  of  the  tubes,  we  may  have  a  burn-out  with  a 
very  moderate  temperature  of  fire,  and  with  either  volatile  or 
non- volatile  coals.  The  high  temperature  on  the  outside  of  the 
tube  may  be  the  cause  of  the  deposition  of  scale,  just  over  the 
grate.  The  failure  should  then  be  blamed  on  the  scale  and  not 
on  the  tem])erature,  because  in  order  to  have  steam  at  all  Ave 
must  have  a  high  temperature  at  some  point. 

If,  however,  on  account  of  too  small  an  inclination  of  the  tubes 
or  other  cause,  the  Avater  is  dri\^en  off  from  the  surface  of  the 
tubes,  or  a  "steam-pocket"  is  formed,  then  the  tube  may  be 
burned  out,  but  if  the  tube  is  free  from  scale  or  grease,  and  is 
full  of  water,  freely  circulating,  it  is  impossible  to  burn  out  a 
tube  by  any  temperature  produced  by  the  combustion  of  gases. 
I  have  heard,  however,  of  the  burning  of  tul)es  Avhen  the  bed  of 
coal  was  so  high  that  hot  coal  actually  touched  the  tubes.  It  is 
possible  that  the  transmission  of  heat  from  hot  coal,  in  contact 
Avith  the  heating  surface,  is  so  much  greater  than  from  hot  gas 
that  steam  is  formed  on  the  heating  surface,  driving  away  the 
Avater,  and  in  that  case  the  tube  may  be  burned. 
80 
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Anotner  criticism  I  have  to  nialvo  on  the  paper  is  in  regard  to 
the  method  of  starting  the  tests,  described  on  })age  13.  I  have 
gone  on  record  before  in  opposition  to  a  similar  method  of  start- 
ing a  test.     (See  Transactions,  vol.  xxi.,  page  99.) 

The  best  way  of  starting  and  stopping  a  test  is  to  follow 
strictly  the  directions  given  ih  the  Boiler  Test  Committee's  re- 
port, under  the  heading  of  the  '' Alternate  Method"  (Trans- 
actions, vol.  xxi.,  page  42),  taking  the  precaution  to  burn  the 
fires  very  low  before  cleaning,  so  as  to  leave  on  the  grate  only 
enough  hot  coal  to  start  the  fresh  fire. 

It  is  interesting  to  note  that  the  author  finds  that  the  '^  Stand- 
ard Method  "  of  starting  and  stopping  a  test  leads  to  an  error  of 
about  5  per  cent,  against  the  boiler,  as  compared  with  the  results 
obtained  bv  the  '^  Alternate  Method."  This  confirms  the  obser- 
vations  of  Mr.  E.  H.  Peabody,  recorded  in  the  Transactions, 
vol.  xxi.,  page  126. 

The  great  range  of  efficiencies  obtained  in  these  tests  is  espe- 
cially notable.  As  low  as  58.74  per  cent,  was  obtained  with 
Haeker's  run  coal,  the  highest  figure  obtained  with  this  coal 
being  62.97  per  cent.  With  Pocahontas  coal  the  boiler  efficien- 
cies run  from  69.03  to  73.84  per  cent.  It  is  evident  that  the 
combustion  of  the  volatile  matter  of  the  Haeker's  run  coal  was 
far  from  perfect. 

It  is  to  be  regretted  that  in  addition  to  the  continuous  method 
of  sampling  the  flue  gases,  individual  samples  at  different  times 
after  firing  were  not  taken.  In  some  of  my  tests  I  have  taken 
a  sample  each  minute  for  five  or  six  minutes  after  firing,  and 
these  showed  some  rather  remarkable  results  when  the  coal  was 
high  in  volatile  matter  and  moisture.  Thus,  the  sample  drawn 
during  the  first  minute,  alter  firing,  would  show  no  oxygen  and 
as  much  as  7  per  cent,  carbon  monoxide,  while  the  sample  drawn 
during  the  fifth  minute  would  show  7  per  cent.  O  and  no  CO. 
Immediately  after  firing  the  furnace  was  a  gas-producer,  and 
much  of  the  volatile  hydrocarbon  must  have  passed  off  unburned, 
which  would  account  for  the  low  efficiencies  obtained.  The 
Hempel  apparatus  was  used  in  these  tests.  It  is  generally  con- 
sidered better  than  the  Orsat. 

Prof.  E,  A.  Jlitchcoclc.^ — Peplying  to  Mr.  Hale's  discussion 
I  wish  to  say  that  although  in  making  trials  with  the  installation 

*  Author's  Closure,  under  the  Rules. 
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doscribod.  I  ticvci"  used  the  standard  jiictlKKl  in  startinir  belicv- 
in*i;  it  unfair  for  hoihM-  and  coal,  yet  I  wislicd  to  determine  for 
this  particular  eciuipnient  what  the  [):obable  error  woukl  be  in 
startiiig  by  that  method  unchM*  the  conditions  prevailing  in  order 
to  be  able  to  show  by  actual  results  to  those  ])ersons  who  niiglit 
raise  the  (juestion,  the  probable  error  involved. 

I  am  under  obligation  to  Mr.  Hale  for  bringing  out  this  point 
which,  as  he  says,  may  be  misleading,  but  such,  however,  will 
not  be  the  case  I  believe  after  going  more  into  detail  as  to  the 
conditions.  As  stated,  the  boiler  is  usually  firetl  continuously 
for  about  thirty-six  hours  previous  to  the  trial.  This  firing  is 
usually  done  by  one  of  the  regular  fireman  of  the  boiler  room 
and  as  he  has  many  other  duties  naturally  he  will  not  fire  this 
boiler  as  hard  and  as  uniformly  as  is  done  on  the  trial  and  also 
since  he  knows  that  the  testing  crowd  will  come  on  at  about 
6  A.M.  and  draw  the  fire,  he  allows  it  to  get  dirty  and  conse- 
quently the  boiler  Avails  have  a  chance  to  cool  somewhat.  Such 
were  the  conditions  at  the  time  of  starting  trials  Xos.  108  and 
ll-t,  consequently  the  difference  shown  in  the  rate  of  steaming 
at  the  beginning  and  end  of  the  trial.  Therefore,  the  5  per 
cent,  spoken  of  on  page  34  is  the  probable  maximum  error  for  a 
similar  equipment  under  similar  conditions. 

My  experience  with  an  oven  hand-lired  furnace  burning  semi 
or  bituminous  coals  is  that  when  the  furnace  is  working  under 
proper  conditions,  the  arch  is  white  hot  and  the  heat  radiated  so 
intense  that  even  the  putting  in  of  a  fire  is  quite  severe  on  the 
fireman — therefore,  how  under  such  conditions  could  he  at  the 
beginning  and  end  of  a  trial  stand  it  to  pull  fires?  If  a  thor- 
oughly heated  condition  of  the  furnace  does  not  prevail,  the  trial 
Avill  not  be  fair  to  the  boiler  nor  especially  to  the  coal,  since 
with  a  green  fire  of  bituminous  coal  large  quantities  of  CO  are 
liable  to  be  formed,  and  in  burning  down  at  the  end  of  the  trial 
preparatory  to  drawing  the  fire  as  prescribed  by  the  Code  in  the 
standard  method,  there  is  liable  to  be  high  excess  of  air. 

Mr.  Hale  speaks  of  trial  Xo.  145,  Table  Y.  being  partly  by 
the  standard  method  and  uses  it  to  prove  the  accuracy  of  such. 
The  facts  of  that  case  are  these — by  S.l:5  a.m.  the  fire  was  all 
cleaned,  the  trial  started  at  0  a.m.  with  the  furnace  hot  and  a 
T-iuch  fire,  the  trial  ended  at  7  p.m.  Avith  furnace  hot  and  a 
7-inch  fire — therefore,  I  should  say  that  the  trial  comes  in  the 
same  class  as  all  of  that  series  except  trial  Xo.  134. 
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Keferring  to  Mr.  Kent's  criticism  of  the  method  employed  in 
starting  the  trials  or  "  the  running  start,"  I  wish  to  say  that  he 
has  very  good  ground  for  such  criticism,  having  thrashed  over 
the  subject  to  quite  a  degree  himself.  Although  there  have  been 
certain  rules  laid  down,  yet  possibly  there  may  be  conditions 
such  as  require  a  departure  from  such  rules.  Most  of  the  trials 
conducted  by  the  writer  have  been  and  are  for  the  principal  pur- 
pose of  determining  the  value  of  the  coal  under  different  boilers 
and  with  different  forms  of  furnaces.  ]Now,  it  is  important  that 
the  conditions  maintained  be  such  as  nearest  conform  to  those  in 
practice,  and  the  methods  employed  for  conducting  the  trials  be 
uniform  for  the  several  types  of  furnaces.  It  surely  would  not 
be  well  to  start  a  trial  by  the  standard  method  on  most  auto- 
matic stokers  and  neither  would  the  alternate  method  be  used, 
tor  there  would  be  no  reason  whatever  for  carrying  out  the 
directions  of  the  Code,  "  the  fires  are  to  be  burned  low  and  well 
cleaned."     It  is  a  case  of  "  running  start,"  pure  and  simple. 

In  the  testing  of  coals  one  important  item  is  the  true  percen- 
tage of  refuse,  therefore,  no  other  coal  can  be  present  on  the 
grates  at  the  time  of  starting  the  fire  of  test  coal,  nor  any  refuse 
in  the  ash-pit,  consequently  a  record  of  the  coal  is  kept  from  the 
time  of  starting  the  fire.  It  certainly  would  not  be  fair  to  the 
coal  if,  after  changing  over  and  running  long  enough  to  get 
boiler  and  furnace  in  a  thoroughly  heated  condition  "the  fires 
w^ere  burned  low  and  well  cleaned,"  for  there  would  be  nothing 
to  clean  ;  and  then,  again,  sometimes  the  coal  is  so  clean  and  free 
from  clinkering  qualities,  and  the  ash  of  such  a  nature,  as  to  nearly 
all  work  into  the  ash-pit,  that  there  would  be  no  reason  whatever 
at  the  end  of  the  trial  to  have  the  fire  burned  low  and  cleaned. 

It  might  be  suggested  that  the  amount  of  coal  to  be  tested  be 
sufficient  for  warming  up,  necessitating  no  changing  of-  coal  at 
the  beginning  of  the  trial.  That  would  be  all  right  if  the  sample 
submitted  was  large  enough,  but  generally  it  is  not,  and  even 
so,  and  the  coal  was  used  up  to  the  time  of  starting  the  trial  by 
either  the  alternate  or  standard  method,  one  might  have  such  a 
bad  case  of  clinker  to  clean  from  the  grate-bars  that  there  would 
be  an  excessive  cooling  down  of  the  brick  work. 

For  a  boiler  with  brick  setting,  especially  where  the  value  of 
the  cOal  is  to  be  determined,  I  believe  thoroughly  in  the  running 
start,  when  properly  and  carefully  conducted,  for  our  years  of 
experience  have  demonstrated  its  accuracy.     This  is  Avell  shown 
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bv  Table  \'.,  ]>age  30,  in  tlie  evaporation  liom  and  at  2\'2  dc- 
groos,  and  the  several  clliciencies  in  tlio  loiii"  last  trials  aftc^r  tlie 
boiler  was  thoroughly  heated.  Also,  bearing  <jn  this  ])oint,  I 
give  the  following  I'esults  of  two  trials  conducted  on  consecutive 
days  with  nearly  the  same  kind  of  coal : 

Duration  of  trials lirs.  10  10 

C'oal  firod  during  trials lbs.  5198  5200 

(^alorifir  value  of  coal,  Mahler  Cal P>.  T.  U.  12150  1  iy;{7 

Equivalent  evap.  from  and  at  212°  per  lb.  coal ll)s.  8.039  7.889 

neat  Balance.  Per  Cent.        I'er  Cent. 

Loss  per  lb.  of  coal  due  to  products  comb 8.48  8.85 

"             "             "           excess  air 4.58  5.37 

latent  heat 4.16  4.17 

uiiburned  coal 1.48  1.34 

CO 1.90  .84 

Radiation  and  unaccounted  for  loss 15.49  15.00 

Heat  used  in  evaporation 68.91  03.83 

The  above  results  are  so  nearly  parallel  that  I  consider  them 
exceptional,  and  yet  it  shows  what  can  be  done,  and  is  done,  by 
that  method  of  starting  trials,  and  it  is  highly  improbable  that 
closer  results  could  have  been  obtained  by  either  the  alternate 
or  standard  methods.  Of  course  it  is  well  seen  how,  in  careless 
hands,  a  large  error  may  be  introduced  by  the  running  start  or 
alternate  method,  but  it  is  to  me  quite  inconceivable  how,  as 
Mr.  Hale  states,  an  error  of  10(>  per  cent,  could  be  made.  It 
certainl}^  would  be  quite  impossible  on  our  equipment  in  a  ten- 
hour  trial.  Even  an  error  of  10  per  cent,  would  mean  extremely 
poor  judgment  of  the  fire  by  the  party  conducting  the  trial. 

To  illustrate  the  accuracy  of  the  running  start  in  comparison 
with  the  standard  method  on  a  boiler  of  quite  a  different  type 
from  that  described  in  this  paper,  the  following  case  is  mentioned 
of  a  trial  conducted  by  the  writer  some  months. ago.  The  boiler 
was  of  the  internal  fired  type  with  no  brick  work,  with  the  ex- 
ception of  some  used  to  cut  down  the  area  of  the  grates.  The 
trial  was  started  by  the  standard  method  and  then  again  one 
hour  later  in  our  usual  way,  the  trial  proper  lasting  ten  hours 
from  this  time.  The  evaporation  under  actual  conditions  being 
7. 988  pounds  for  the  standard  method  and  8.0U4:  for  the  trial 
proper,  differing  by  .2  of  1  per  cent. 

Professor  Kent  calls  attention  to  the  loss  of  heat  per  pound  of 
coal  due  to  radiation,  absorption,  etc.,  as  shown  by  the  trials  and 
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intimates  surprise  that  such  high  losses  should  be  reported  as 
"unaccounted  for"  froiu  a  University  where,  as  some  seem  to 
suppose,  there  is  every  facility,  am])le  means  and  plenty  of  time 
for  going  to  the  bottom  of  everything  mysterious.  Most  of 
tl]ose  who  are  in  University  work  know  how  far  such  is  from 
the  case,  we  only  wish  it  was  much  nearer  the  trutli. 

The  writer  in  reporting  these  trials  expected  that  the  losses 
referred  to  would  attract  attention  and  therefore  would  give 
some  one  an-  opportunity  to  investigate  a  point  which  has  been 
under  investigation  by  us  when  opportunity  would  permit,  for 
years.  Professor  Kent  is  perfectly  justified  in  saying  there  is 
something  wrong,  providing  that  he  can  show  by  some  seventy 
trials  conducted  by  himself  on  a  boiler  and  furnace  of  this  type 
and  size  where  the  calorific  value  of  the  coal  is  determined  by 
the  Mahler  Calorimeter,  that  the  results  given  do  not  correspond 
with  those  obtained  by  him. 

We  have  found  that  this  unaccounted  loss  is  dependent  upon 
many  things — i.e.,  the  type  of  boiler,  size  of  boiler,  the  kind  of 
setting,  the  kind  of  furnace,  the  coal  (one  that  clinkers  badly 
causing  difficult  cleaning,  giving  high  loss)  and  the  intensity  of 
driving.  To  illustrate  some  of  these  points,  the  average  loss  of 
some  trials  are  given.  Nineteen  trials  with  semi-bituminous 
coal  gave  for  an  average  12.6  per  cent,  with  B.  &  W.  boiler, 
hand-iired  furnace;  31:  trials  with  bituminous  coal  gave  for  an 
average  11-. 7  per  cent,  with  same  boiler  and  furnace;  13  trials 
with  bituminous  coal  on  B.  &  TV",  boiler  with  Murphy  furnace 
gave  for  the  average  12.6  per  cent. ;  2  trials  on  the  same  boiler 
and  furnace  with  semi-bituminous  coal  gave  10.75  per  cent.; 
2  trials  on  2  B.  &  W.  double-deck  boilers  set  in  one  battery,  700 
total  horse-powder  with  chain  grate,  gave  on  consecutive  days' 
running  a  loss  of  6.3  per  cent.  and.  5.9  per  cent.,  and  5  locomo- 
tive trials  gave  an  average  of  1.1  per  cent.,  the  unaccountable 
loss  for  all  of  these  trials  being  determined  in  exactly  the  same 
way. 

The  results  compare  closely  with  that  obtained  on  a  trial  of  a 
150  horse-power  water-tube  boiler  with  individual  setting  and 
American  underfeed  stoker  conducted  in  the  city  of  Columbus 
some  time  ago  by  a  prominent  engineer  of  the  Pennsylvania 
Railroad .  The  coal  used  was  Pocahontas  and  the  unaccountable 
loss  11.6  per  cent. 

Now  if  the  above  determined  values  include  other  losses  than 


THE    EXl'KIilMKN  I      IU»ll,li;    Ol'     r  1 1  I     (MIUi    s  r  aTK    1:M\  KKSITY.      1  L^ 


J.».> 


those  of  radiation,  tiir  (juestion  as  to  how  much  is  radiation  only 
in  my  opinion  is  (juilo  inipossihlo  to  answer  with  any  degree  of 
accuracy,  for  I  have  yet  to  lind  a  (•as(3  where  tliat  h)ss  li;is  heen 
determined,  not  by  difference,  but  experimentally  under  actual 
running:-  conditions  for  a  boiler  with  brick  setting]:. 

The  statement  by  the  writer  in  regard  to  de[)reciation  of  heat- 
ing surfaces  h)cated  directly  over  the  lire,  is  based  on  his  own 
observation,  but  the  statement  probably  shouhl  have  been  (jujili- 
lied  to  special  rather  than  general  cases.  Say  for  examj)le,  the 
case  of  the  automatic  stoker  with  short  coking  arch,  the  lengthen- 
ing of  which  to  nearly  the  length  of  the  grates  eliminated  the 
trouble.  The  condition  of  uncleaned  surfaces  did  not  exist,  and 
althouo-h  the  trouble  mit^ht  be  attributed  to  some  of  the  causes 
spoken  of  in  the  discussion,  yet,  nevertheless,  the  fact  exists  that 
the  introduction  of  the  arch  cured  the  difficulty. 

In  the  analysis  of  the  refuse,  the  term  ^'  volatile  combustible  " 
is  simply  an  abbreviation  of  Prof.  I^.  W.  Lord's  for  ''volatile 
and  combustible." 
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DRAWING    OFFICE  EQUIPMENT. 

BT  JOHN  MCGEORGE,   CLEVELAND,   OHIO. 

(Member  of  the  Society.) 

1.  When  I  first  said  '^  Yes  "  in  reply  to  a  request  from  some 
of  my  friends  to  write  this  paper,  I  had  in  mind  a  general  ])aper 
on  the  complete  equipment  of  a  drawing  office;  but  the  Secretary 
asked  for  something  terse  and  to  the  point,  so  I  have  boiled  down 
the  generalities  and  tried  to  bring  out  particularly  the  necessity 
of  saving  the  manual  and  mental  drudgery  of  the  draftsman,  and 
thereby  getting  the  highest  possible  efficiency. 

There  are  many  prominent  engineers,  and  some  of  the  very 
best  ones,  too,  who  look  upon  drafting  as  merely  a  means  to  an 
end,  and  think  that  the  end  which  they  seek  is  so  much  more 
important  than  the  means,  that  they  often  think  of  drafting  as 
too  trivial  to  give  it  their  attention. 

Suppose  a  rolling  mill  is  to  be  designed.  Much  attention  is 
paid  to  the  design,  but  the  mill  is  simply  a  means  to  an  end. 
Suppose  that  rails  are  produced  from  this  mill,  these  rails  are 
simply  a  means  to  another  end,  and  so  on  indefinitely. 

2.  We  estimate  that  from  fortj^-five  to  fifty  million  dollars  is 
paid  to  draftsmen  in  salaries  in  this  country  in  a  single  year,  and 
we  cannot  understand  why  so  little  attention  has  been  given 
generally  toAvard  an  equipment  which  will  enable  the  men  com- 
manding these  aggregate  salaries,  not  only  to  produce  drawings 
in  the  cheapest  way  possible,  but  also  in  the  best  way  possible. 

In  talking  the  other  day  with  a  chief  engineer,  having  a  large 
force  of  draftsmen,  he  stated  that  when  he  took  hold  of  this 
particular  business,  the  man  who  had  been  in  charge  was  buying 
the  cheapest  kind  of  paper  and  the  cheapest  supplies  which  he 
could  obtain  throughout.     He  thereby  cut  their  supply  bill  from 

*  Presented  at  tlie  Sarato?ja  meetinc:  (June,  1908)  of  the  American  Society 
of  Mechanical  Engineers,  anJ  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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$60  a  month  to  $.')0  a  inoiitli,  or  made  a  net  savin^^  on  this 
item  of  $3(10  a  year.  The  sahiry  item  was  $100,000  a  year, 
and  as  the  gentleman  i)ut  the  matter,  in  order  to  save  $3G0  a 
year  on  the  supply  account,  he  was  jeopardizing  the  $100,000 
item,  and  probably  losing  from  $10,000  to  $15,000  on  that  item. 

Then  again  some  engineers  w^ill  state  that  they  have  draftsmen 
who  can  accomplish  more  with  a  short  stub  of  a  pencil,  a  cheap 
tee-square,  and  some  old  rusty  instruments,  than  other  men  can 
do  with  the  very  finest  equipment.  This  is  very  true,  Init  it 
does  not  follow  b}^  any  means  that  the  first  man  would  not 
accomplish  more  with  a  better  equipment.  There  is  still  a  great 
necessity  to  insist  upon  the  truism  that  the  best  men  in  the  l)est 
surroundings,  and  with  the  best  conveniences,  do  the  best  work. 

We  supply  our  stenographers  with  good  typewriters  and  nice 
desks,  and  our  clerks  with  the  best  equipment  which  we  can  pro- 
vide for  them.  In  the  shops  we  are  anxious  to  put  in  all  the 
labor-saving  machinery  possible,  but  in  the  drafting-room,  where 
salaries  are  very  much  higher  and  where  any  saving  counts  a 
great  deal  more,  both  directly  and  indirectly,  it  is  very  generally 
true  that  the  equipment  is  cut  down  to  an  extent  which  we  can- 
not understand.     It  certainl}^  ought  not  to  be  so. 

3.  The  first  point  to  be  considered  in  the  equipment  of  an 
office  is  the  question  of  light.  Daylight  is  the  best  as  well  as 
the  cheapest,  but  is  not  at  all  times  obtainable.  In  large  draft- 
ing-rooms this  light  is  not  usually  sufficiently  diffused.  The 
windows  should  be  as  high  and  as  near  the  ceiling  as  possible,  so 
that  the  interior  of  the  room  may  receive  light.  The  man  next 
to  the  window  should  only  have  control  of  the  shades  covering 
the  lower  half  of  the  sash,  and  the  shades,  both  upper  and  lower, 
should  be  translucent.  There  are  only  two  methods  of  artificial 
lighting  which  have  proved  to  be  perfectly  satisfactory.  The 
one  is  where  arc  or  Xernst  lic!:hts  are  used  and  the  lioht  reflected 
from  them  against  dead  white  ceilings  and  walls.  This  gives 
good  general  illumination,  which,  if  properly  done,  will  dispense 
with  individual  lights.  An  illustration  is  given  of  a  drawin^: 
office  lighted  by  this  method,  Fig.  2.')S,  and  another  showing  the 
same  office  in  daylight,  Fig.  259.  This  gives  a  very  good  idea 
of  how  well  the  light  is  difTused. 

4.  The  writer  thinks  that  if  the  Xernst  3  or  6  glower  lamps 
were  provided  with  shades  imderneath,  throwing  the  light  to 
the  ceiling,  these  shades  made  just  translucent  enough  so  as  not 
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to  be  a  (Ijirk  spot  in  tlie  room,  tlie  Avails  and  ceilings  ])ainte(l  a 
dead  white,  then  we  would  have  a  perfect  light,  soft,  agreeable 
and  without  shadow;  iii  short,  a  light  closely  approaching  day- 
light. 

In  this  connection  the  chief  engineer  of  a  large  corporation, 
with  offices  in  different  cities,  said  that  this  method  with  arc 
lamps  had  proved  perfectly  successful  in  one  office,  but  that  he 
did  not  believe  that  it  would  do  at  all  in  the  Pittsburgh  district 
on  account  of  the  smoke  and  dirt  making  the  white  a  dirty  gray. 


'Seur'je,  John  M, 


LIGHT  BRACKET 

FOR 

DRAFTING  TABLE. 


Fig.  260. 


5.  The  other  method  which  has  given  satisfaction  is  the  iadi- 
yidual  lamp  for  each  board.  These  should  be  made  adjustable, 
and  there  are  quite  a  number  of  methods  in  use  for  doing  this. 
We  show  in  Fig.  200  a  sketch  of  a  holder  w^hich  w^e  have  found 
very  satisfactory,  and  which  is  probably  the  simplest  method. 

Our  temporary  offices  are  now  fitted  w^ith  Nernst  lamps,  sus- 
pended from  the  ceiling  at  intervals  of  6  to  8  feet  apart,  but 
w^hen  used  in  this  way  these  lights  cast  shadows,  and  are  not 
satisfactory. 

T).  The  third  important  consideration  is  that  of  ventilation. 
IN'o  draftsman  can  do  his  best  work  without  an  abundant  supply 
of  fresh  air.      This  is  a  matter  which  is  receiviuir  more  and  more 
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attention  in  tlic  di'si^nin*^  of  scliools  :in<l  jnihlic  Imildings  g-cner- 
allv,  and  it  is  ]>e«xinnin<j:  to  receive  eonsideral)le  attention  in 
offices. 

We  change  the  air  in  our  drafting-room  as  fretjuently  as  ])os- 
sible  by  means  of  an  exhaust  fan,  but  even  when  tliis  is  done  we 
believe  tliat  from  the  standpoint  of  fresh  air  reipiii-ed,  draftsmen 
should  have  at  least  double  the  space  we  have  allotted  to  them. 
High  ceilings  are  an  aid  in  this  matter  as  well  as  in  the  matter 
of  light. 

7.  In  the  matter  of  desks  the  bulk  of  offices  seem  to  be  very 
neglectful  of  the  fact  that  good  conveniences  tend  to  good  work. 
A  very  large  proportion  are  still  fitted  with  nothing  more  than 
a  pair  of  trestles,  or  a  flat-top  table,  and  a  flat  board  with  a  tee- 
square. 

In  Yol.  VI.  of  our  proceedings  Mr.  Tlieodore  Bergner  described 
his  parallel  ruler,  which  was  a  stej)  in  advance,  .and  on  this  has 
been  founded  a  number  of  designs  for  boards,  some  of  which 
have  taken  the  incline  position. 

We  (the  Wellman-Seaver-^Eorgan  Company)  have  been  using 
a  large  number  of  Svenson  boards,  which  have  a  frame  carrying 
a  parallel  ruler  on  the  Bergner  principle,  and  in  which  frame 
can  be  placed  a  loose  board,  thus  enabling  a  number  of  different 
drawings  to  be  worked  on  without  disturbing  the  paper  on  the 
board.  The  Svenson  board  can  be  placed  at  60  degrees,  45  de- 
grees, or  flat  (the  ruler  being  balanced),  and  this  to  anyone 
troubled  with  bilious  headaches  is  a  great  blessing.  This  board 
was  supplied  with  a  convenient  desk  below,  and  we  also  provided 
a  chest  of  drawers  to  the  left  of  the  draftsman,  the  top  of  which 
served  as  a  reference  table,  and  the  drawers  provided  ample 
room  for  reference  drawings.  In  fact,  we  might  say,  too  am- 
ple, as  we  had  provided  too  many  drawers,  and  whenever  draw- 
ings were  lost  it  required  a  great  deal  of  work  to  find  them. 

8.  TVhile  sufficient  room  should  be  given  to  each  man  for  ref- 
erence drawings  and  for  partially  completed  drawings,  it  is 
undoubtedly  a  mistake  to  give  more  than  enough  drawers  for 
this  purpose,  and  in  our  new  oflice  Ave  shall  give  each  man  two 
drawers  for  drawings,  together  with  a  good  drawer  for  his  tools 
and  another  for  books  and  notes. 

We  found  several  objections  to  the  use  of  vertical  boards  for 
average  size  drawings,  and  later  we  designed  a  table  which  could 
be  adjusted  in  height  and  slope  and  used  it  in  connection  Avith 
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the  tee-square,  and  later  on  with  the  Universal  Drafting  Machine, 
of  which  I  shall  speak  further  on. 

We  found  three  objections  to  the  vertical  table.  Two  of 
which  are  made  by  the  draftsmen  themselves,  and  one  by  the 
superintendent  of  the  drafting-room.  Many  men  object  to  hav- 
ing to  hold  their  arms  up  about  even  with  their  shoulders  all 
day  long,  and  then  again  the  vertical  drawing  board  does  not 
giv^e  the  man  the  opportunity  to  have  his  reference  drawings 
right  around  him  as  the  horizontal  board  does. 

The  superintendent  objects  to  them  on  the  ground  that  they 
divide  the  drafting-room  off  into  stalls. 

9.  Our  drawing  ofRce  superintendent  is  considering  now  the 
equipment  of  our  new  office  Avith  a  table  built  by  the  Hein 
Furniture  Company  of  Toledo,  illustration  of  which  is  shown 
in  Fig.  267.  We  are  considering  this  table  for  reasons  given 
above,  and  also  in  order  that  we  may  be  equipped  throughout 
with  the  Universal  Drafting  Machine. 

A  very  practical  question  arises  right  here  as  to  the  number 
of  square  feet  of  space  to  be  given  to  each  mau.  There  are  three 
factors  entering  into  this  question.  First,  the  convenience  of 
the  man,  allowing  ample  room  for  reference  drawings,  etc. ; 
second,  ventilation,  and  third,  sufficient  room  so  that  those 
supervising  the  work  can  get  around  the  office  without  disturb- 
ing the  men  in  passing. 

AVe  believe  that  it  would  be  good  business  policy  to  allow  100 
square  feet  for  each  man.  The  American  Bridge  Company,  em- 
ploying hundreds  of  men,  allow  considerably  more  space  than 
this. 

To  give  an  idea  as  to  how  some  drafting-rooms  are  arranged, 
I  give  a  plan  of  one  of  the  American  Bridge  Company's  drafting- 
rooms  at  Toledo,  in  Fig.  261.  In  Fig.  262  is  shown  the  arrange- 
ment of  McClintock,  Marshall  &  Co.'s  offices  at  Pittsburg,  Pa. 
In  Fig.  263  is  shown  the  arrangement  of  our  new  offices  (which 
are  now  building).  We  also  show  the  Wellman  Seaver  Engineer- 
ing Company's  office  in  Cleveland,  Ohio,  in  Fig.  268. 

10.  In  regard  to  sanitary  arrangements,  the  toilet-room  should 
be  immediately  off  of  the  drafting-room.  We  have  provided 
one  closet  to  each  fifteen  men,  and  wash  basins  in  the  same  pro- 
portion. 

The  recent  developments  in  electric  blue-printing  have  been 
a  great  relief  to  many  of  the  large  offices  in  the  country,  and  as 
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they  make  the  blue-printing  entirely  in(le[)en(lent  of  tlie  weather, 
they  are  being  very  generally  adopted. 

11.  I  have  referred  to  the  Universal  Drafting  Machine,  and 
desire  to  bring  to  your  notice  two  forms  of  these  machines. 
They  are,  in  my  opinion,  the  most  radical  departure  which  has 
been  made  in  the  drafting  line,  and  I  believe  they  are  a  very 
important  aid  to  the  draftsman.  I  am  very  much  interested  in 
this  device,  as  it  was  designed  (invented  might  be  a  better  word) 
in  our  office.  It  was  not  a  chance  or  lucky  tliought,  as  the 
inventor,  Mr.  Charles  H.  Little,  has  conferred  with  me  many 
times  during  the  past  few  years  in  regard  to  improvements  in 
the  drafting-room.  Mr.  Little  had  also  invented  a  number  of 
other  very  useful  appliances  before  he  brought  out  this  machine, 
and  I  sincerely  hope  and  expect  that  we  shall  hear  from  him 
again. 

This  machine  is  doing  all  that  he  promised  for  it,  and  some- 
thing more.  Fig.  2(U  shows  one  of  these  machines  attached  to  a 
board  in  use  on  a  drawing  for  a  crane  trolle}^,  and  Fig.  265  shows 
it  in  use  for  working  out  strains  graphically.  The  machine  is  so 
exceedingly  simple  that  it  scarcely  needs  description.  It  is  based 
on  two  fundamental  ideas,  one  that  all  angular  work  must  be  as 
readily  put  in  as  straight  work;  and  second,  that  we  must  enable 
the  draftsman  to  draw  and  scale  a  line  with  the  same  edge  at  the 
same  time.  This  applies  in  straight  work  as  well  as  in  angular 
work,  and  eliminates  considerable  erasing,  as  well  as  the  con- 
stant changing  from  one  tool  to  another.  In  short,  work  which 
formerly  required  two  tools  to  be  used  on  each  line  now  requires 
only  one,  saving  the  time  necessary  to  change  from  one  tool  to 
another.  The  protractor  used  with  this  machine  also  has  a  new 
feature,  in  that  it  is  provided  with  spring  stops  for  the  angles 
most  frequently  used,  and  at  the  same  time  it  may  be  clamped 
to  any  angle. 

In  actual  tests  made  by  Mr.  Little  he  has  demonstrated  on 
both  a  typical  mechanical  and  a  typical  structural  drawing  that 
the  saving  of  time  is  very  nearly  the  same,  and  amounted  to 
33 J-  per  cent,  in  these  two  tests  w4iich  were  made  to  determine 
the  efficiency  of  this  machine. 

Some  time  since  Mr.  Little  sent  out  a  large  number  of  letters 
to  manv  of  the  leading  concerns  using  this  device,  asking  their 
experience  with  particular  reference  to  the  time-saving  feature. 
He  received  replies  varying  from  10  per  cent,  to  as  high  as  50 
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percent.,  and  many  iirms  stated  tliat  they  could  not  say  what 
percentages  they  saved,  as  they  had  not  given  tlie  matter  ch)se 
enough  attention,  but  that  they  were  satisfied  that  the  saving 
was  very  considerable. 

A  very  important  feature  of  this  device  and  one  that  seems  to 
meet  with  a  great  deal  of  favor,  is  the  fact  that  a  draftsman  can 
get  out  work  very  quickly  when  occasion  requires,  and  it  has 
been  the  writer's  experience  that  occasion  frequently  does 
require. 

In  regard  to  the  saving  of  time,  the  average  of  the  re})lies 
received  by  Mr.  Little  show  the  average  saving  to  be  25  ])er 
cent.  Of  course  this  is  a  matter  that  will  vary  with  the  differ- 
ent draw^ings,  some  showing  a  larger  saving  and  some  less,  and 
this  average  seems  to  be  the  best  that  we  can  figure  on,  but  if 
we  place  the  saving  at  10  per  cent.,  this  means  on  $50,000,000 
salaiy  a  saving  of  $5,000,000  per  year. 

One  of  the  problems  which  it  has  been  necessary  to  contend 
with  in  this  device  is  the  extreme  accuracy  required.  For  in- 
stance, machines  have  been  tested  in  which  there  was  a  variation 
of  less  than  yi^  of  an  inch  in  24:  inches.  As  the  bearings  are 
3  inches  centre  to  centre,  a  variation  of  ^^1^-^  of  an  inch  in  these 
8  bearings  Avould  give  a  variation  at  the  end  of  a  24-inch  straight- 
edge of  j^j  of  an  inch,  and  this  jo^or  ^^  ^^  ^^^^^  divided  by  8  bear- 
ings would  make  ^o^iro  pcrmissable  in  each  bearing.  That  this 
is  obtained  in  large  quantities  of  machines  is  a  rather  unusual 
condition,  and  the  question  arises  as  to  what  effect  wear  will 
have  on  the  accuracy  of  the  instrument. 

In  reply  to  this  question  I  would  say  that  the  bearings  are  all 
hardened  and  ground,  and  that  the  pressure  and  speed,  which 
are  the  conditions  which  produce  wear,  are  almost  nothing  in 
this  device. 

We  have  had  one  in  use  for  some  eighteen  months,  wliich  was 
an  experimental  one  and  had  straight,  soft  bearings,  and  these 
bearings  do  not,  although  they  were  soft,  show  perceptible  wear 
after  use  for  this  length  of  time.  We  therefore  conclude  that 
the  hardened  bearings  will  last  indefinitely.  Another  question 
which  came  up  was  Avhether  or  not  the  scales  would  w^ear  when 
used  as  straight-edges,  particularly  at  the  parts  of  the  scales 
w^hich  were  most  used.  This  question  was  first  answered  by 
saying  that  firms  could  afford  to  throw  away  the  scales  and  pur- 
chase new  ones,  if  such  wear  should  take  place.     We,  however. 
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have  more  data  now  on  wliich  to  base  an  o])inion,  and  we  find 
that  the  graphite  provides  a  lubricant  along  tbe'edge  of  the  scale, 
and  that  they  showed  no  perceptible  w^ear  after  continued  use. 
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Ml'.  Little  is  somewhat  disappointed  in  this  respect,  as  he  had 
lioped  to  enjoy  the  privilege  of  constantly  replacing  scales. 

Another  feature  in  regard  to  the  pins  in  these  machines  shows 
that  a  device  maybe  mechanically  right  and  still  have  ol)jection- 
able  features.  In  some  of  these  machines  which  were  sent  out, 
a  cone  joint  was  used  providing  a  take-up  for  wear.  This  worked 
very  nicely  as  long  as  properly  adjusted,  but  many  draftsmen 
seemed  to  desire  to  experiment  on  the  adjustment,  and  not  hav- 
ing the  requisite  skill  to  bring  back  so  fine  an  adjustment,  it 
operated  to  the  serious  disadvantage  of  the  machine.  A  change 
was  then  made  to  straight  pins,  hardened  and  ground,  and  with 
these  pins  it  is  impossible  to  get  the  machine  out  of  adjustment. 

12.  The  second  form  of  this  device  is  w^hat  is  called  the  Rapid 
Sketching  Device,  shown  in  Fig.  266.  It  is  similar  in  principle 
to  the  drafting  machine,  but  being  very  much  smaller  and  used 
merely  for  the  purpose  of  sketches,  it  has  but  one  scale  instead 
of  the  square  as  used  in  the  drafting  machine.  This  single 
scale  has  a  free  throw  of  90  degrees  between  stops,  and  this 
90  degrees  can  in  turn  be  set  at  any  angle.  The  principle  of 
the  device  is  simply  that  one  using  it  as  an  ordinary  scale 
would  be  used  if  one  had  the  po\ver  to  always  place  it  in  the 
desired  direction  without  thought  or  effort.  We  believe  it  to 
be  of  great  assistance  to  the  engineer  and  the  designer,  and  have 
found  it  very  convenient  for  our  personal  use. 

13.  In  conclusion  I  would  draw  attention  to  one  feature  we 
have  just  gotten  in  good  working  shape,  although  it  is  more 
strictly  a  question  of  management  than  equipment. 

We  have  found  that  it  is  a  great  advantage  to  separate  com- 
pletely the  executive  management  of  the  drawing-room  from 
the  eno-ineering  oversight,  more  especially  as  the  drawing-room 
lias  changed  into  the  engineering  office  of  the  works  in  every 
respect.  Not  only  are  drawings  made  there,  but  all  orders  are 
made  out  for  material,  etc.,  and  oversight  is  exercised  over  the 
outside  engineers  of  whom  we  have  two  classes,  engineers  in 
charge  of  w^ork,  and  erectors  putting  up  ]nachinery.  So  that 
vre  have  appointed  a  superintendent  of  the  drafting  office,  whose 
business  is  to  take  entire  executive  charge  of  the  men,  looking 
after  all  time,  salaries,  drawings,  blue-prints,  requisitions  on  tlie 
purchasing  department,  the  hiring  of  men,  etc.,  leaving  only 
the  actual  engineering  questions  to  be  handled  by  the  engineers, 
of  Avhom  we  have  several.     The  office  itself  is  divided  into  de- 
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partments,  each  of  wliicli  has  a  foreman  (who  is  also  a  good 
engineer).  So  that  the  superintendent  is  n'sponsil)le  for  the 
smooth  running  and  the  getting  of  the  work  through  the  olTice; 
whilst  the  different  engineers  are  responsible  for  the  engineering 
side  of  the  question.  This  arrangement  is  working  very  well, 
and  will  work  much  betted'  as  all  parties  come  to  understand 
thoroughly  just  where  their  duties  end. 

DISCUSSION. 

Mr.  J.  jr.  Parl'er. — I  would  like  to  tell  the  members  of  the 
Society  something  about  a  method  Avhich  1  have  introduced  in 
the  drawing-room  of  the  concern  with  which  I  am  connected, 
at  Baltimore,  for  keeping  track  of  the  constant  changes  that  are 
called  for  in  the  details  of  their  macliiner\\  All  the  different 
parts  of  the  machines  are  numbered  and  detailed  on  paper  and 
then  mounted  on  cardboards,  lo  by  14  inches,  for  shop  use. 
It  is  necessary  to  keep  a  file  of  these  blueprints,  and  the  system 
I  refer  to  provides  for  keeping  a  record  of  the  changes  on  these 
detail  sheets.  I  have  had  provided  large  bound  books,  which 
are  all  indexed.  AVhen  these  sheets  go  into  the  shop  a  duplicate 
sheet  is  pasted,  by  one  edge  only,  in  one  of  these  bound  volumes. 
"\rheii  it  becomes  necessary  to  make  any  change  in  any  of  the 
details  it  is  very  essential,  of  course,  that  a  record  should  be  kept 
of  the  changes;  v:hen  the  change  was  ordered;  ich/j  it  was 
ordered,  and  so  on.  This  is  entered  on  the  margin  of  the  filing- 
book,  directly  opposite  the  sheet.  A  new  detail  is  then  made 
and  the  old  ones  are  called  in.  The  new  one  is  then  pasted  by 
one  edge  directly  over  the  other  bv  one  edge  only,  as  before, 
and  new  copies  are  sent  into  the  shop. 

Then,  as  time  goes  on,  w^e  have  a  complete  record  of  all  the 
changes  which  have  taken  place  in  the  making  of  these  several 
parts,  and  that  record  is  very  accessible,  and  it  is  not  a  compli- 
cated svstem  bv  any  means. 

Mr.  Irclufj  JI.  Reynolds. — In  respect  to  the  draughting  ma- 
chine, it  has  always  seemed  to  me  that  the  purely  manual  part 
of  a  draughtsman's  Avork  is  the  smallest  part  of  it.  If  a  draughts- 
man has  in  hand  a  line  of  work  which  re(|uires  a  maximum  amount 
of  measuring,  drawing  of  lines,  etc.,  with  a  minimum  amount 
of  brain  work,  then  a  draughting  machine  will  save  considerable 
time. 
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Of  course  it  is  necessary  to  provide  good  liglit,  ventilation, 
etc.,  but  we  can  do  very  little  for  the  draughtsman  in  the  way 
of  mechanical  aids  which  will  increase  his  efficiency;  for,  after 
all,  it  is  mental  eciuipment  that  is  essential. 

The  President. — AVhile  Mr.  Calder  is  making  liis  sketch  I 
might  state  that  the  system  of  lighting  which  Mr.  McGeorge 
speaks  of  in  his  paper  is  very  good  indeed,  but  w^e  have  found 
it  better  to  put  a  few  drops  of  red  in  the  white,  as  it  makes  a 
kinder  light,  more  agreeable  to  the  eyes. 

Mi\  Calder.  — We  all  know  the  old-fashioned  office  with  a  dead 
flat  roof  and  windows  all  around,  where  if  tlie  floor  area  is  at  all 
extensive  the  men  in  the  centre  of  the  room  are  always  com- 
plaining about  the  liglit.  Now,  our  draughting-room  is  arranged 
with  the  roof  lights  facing  the  north,  a  sawtooth  roof.  Of 
course  the  best  system  of  all  would  be,  I  believe,  a  drawing- 
room  having  no  w^indows  at  all  at  the  sides,  with  walls  com- 
])letely  around,  a  north  light  admitted  from  the  top,  and  a  well- 
controlled  mechanical  ventilating  and  heating  system. 

In  Fig.  267  you  will  see  that  Mr.  McGeorge  shows  a  table 
with  six  drawers.  Now  I  do  not  believe  in  these  drawers.  I 
think  a  man  needs  but  one  drawer  as  a  place  to  keep  his  tools, 
and  that  any  more  are  a  hindrance,  and  that  it  is  better  to  place 
his  drawings  on  a  bench  underneath  the  table. 

In  regard  to  the  isolation  of  draughtsmen,  I  do  not  think 
much  of  the  plan  proposed.  I  do  not  think  the  system  of  hav- 
ing men  work  in  compartments,  with  partitions  reaching  up 
higher  than  their  heads  is  a  good  idea.  It  shuts  off  ventilation 
,and  these  compartments  become  veritable  hot  pockets  in  the 
summer  time. 

In  regard  to  the  toilet  arrangements,  I  have  been  in  drawing 
offices  where  if  a  man  wanted  to  wash  his  hands  he  had  to  g) 
down  two  or  three  flights  of  stairs.  Now  I  do  not  think  that  is 
a  good  arrangement.  I  think  a  lavatory  should  be  placed  right 
at  hand  on  the  same  floor,  though  I  do  not  believe  the  actual 
toilet  room  should  be  connected  with  the  draughting-room,  for 
sanitary  reasons. 

I  think  the  supervisor  of  the  office  should  have  a  place  par- 
titioned off  with  glass,  where  he  can  have  the  men  employed  in 
the  room  in  full  view  and  where  at  the  same  time  he  can  do  his 
work  undisturbed. 

Mr.  Kent. — I  had  occasion  to  go  into  a  large  draugliting-roo:.! 
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not  long  ago,  where  there  were  no  windows,  the  liglit  coming  in 
from  overhead.  The  ventilation  in  the  room  was  excreeable; 
there  were  skyliglits  to  let  air  in,  but  the  air  in  the  room  was 
foul,  and  the  draughtsmen  had  no  chance  to  rest  their  eyes  by 
looking  out — nothing  but  white  walls  to  see.  I  think  it  was 
arranged  decidedly  Avrong. 

2Lr.  11.  M.  Lane. — I  would  like  to  inquire  of  ]\rr.  ]\rcGeorge 
about  the  wearing  of  the  joints  of  that  draugliting  macliine;  I 
would  like  to  know  whether  the  wearing  of  the  joints  affects  the 
action  of  it  at  all  ? 

Mr.  Dean. — As  to  what  has  been  said  here  in  reference  to 
partitions  separating  the  draughtsmen,  I  Avould  sa}^  that  Mr. 
Andrews,  an  architect  of  Dayton,  Ohio,  who  designed  the  Cash 
Kegister  factory ^  has  all  of  his  draughtsmen  located  in  stalls. 
This  only  shows  that  some  people  like  the  [)lan  if  others  do  not. 

Mr.  E.  II.  Whitlocl'. — In  regard  to  artificial  light,  I  would 
call  the  attention  of  the  Society  to  a  new  attachment  that  I  liave 
seen  on  the  General  Electric  Company's  lamps,  called  a  Dilf user, 
"svhich  is  sort  of  umbrella-shaped  and  about  four  feet  diameter. 
It  is  claimed  that  it  will  absorb  any  color  ray  that  might  be 
objectionable  and  give  back  any  other  color  ray  desired. 

The  President. — If  there  is  no  further  discussion  of  the  paper, 
I  Avill  call  upon  Mr.  McGeorge  to  close. 

Mr.  McGeonje. — There  is  really  very  little  to  reply  to.  I  am 
glad  the  paper  has  excited  the  interest  it  has,  however. 

In  regard  to  the  accuracy  of  joints,  a  question  in  respect  to 
which  Mr.  Lane  inquired,  I  would  say  that  we  have  one  of  the 
first  machines  ever  made  m  use  in  oar  office  to-day  ^vith  soft 
pins  and  we  cannot  discern  any  inaccuracy  in  that  machine  yet. 
There  have  been  some  machines  sent  out  using  taper-pins  in  the 
joints,  but  that  was  given  up.  Kow  they  are  making  them  all 
with  plain  hardened  pins  in  the  joints,  and  it  is  remarkable  how 
accurate  they  are  even  after  long  usage.  There  have  been  several 
occasions  where  people  have  complained  that  the  machine  was 
not  accurate,  but  upon  investigation  it  was  found  in  almost  every 
instance  that  tlie  machine  w^as  not  screwed  well  to  the  board.  . 
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WATER  AND  HEAT  CONSUMPTION  OF  A  COMPOUND 
ENGINE  AT   VARIOUS  POWERS. \ 

BY  D.   S.   JACOBUS,   HOBOKEN,   N.   J. 

(Member  of  the  Society.) 

1.  The  engine  on  which  the  test  was  made  was  located  at  the 
Brooklyn  plant  of  the  American  Sugar  Kefining  Company.  It 
is  manufactured  by  the  Providence  Engineering  Works  and  was 
of  the  Kice  and  Sargent  horizontal  cross-compound  type,  pro- 
vided with  a  Corliss-valve  gear.  The  principal  dimensions, 
measured  when  hot,  were 

Bore  of  cylinders 20.03  and  40  inches. 

Length  of  stroke  for  each  piston. 43  inches. 

Diameter  of  piston  rods 3.5  and  4.75  inches. 

The  average  clearance  for  each  end  of  the  cylinder  was  4.  Y  per 
cent,  for  high  pressure  cylinder,  and  7  per  cent,  for  the  low 
pressure  cylinder. 

The  engine  was  provided  with  a  reheater  coil  in  the  receiver, 
which  was  supplied  with  steam  at  boiler  pressure.  The  cylinder 
heads  of  both  high  and  low  pressure  cylinders  were  jacketed 
with  high  pressure  steam.  The  condenser  was  of  the  Bulkley 
type.  The  engine  ran  at  about  120  revolutions  per  minute,  and 
was  directly  connected  to  an  electrical  generator.  The  steam 
pressure  averaged  about  150  pounds  per  square  inch  above  the 
atmosphere,  and  there  was  an  exceptionally  good  vacuum. 

2.  The  principal  results  of  the  test  are  given  in  Table  I.  The 
water  consumption  of  the  engine  per  indicated  horse-power  per 
hour,  as  given  in  the  11th  column  of  this  table  varied  from  12.10 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows  : 
No.  203,  vol.  ix.,  p.  545:  "Memoranda  on  Performance  of  Compound  Engine." 

Geo,  H.  Barrus. 
No.  620,  vol.  xvi.,  p.  179  :  "Test  of  Compound  Engine."     F.  W.  Dean. 
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pounds  at  027.4  horse-power  to  lL\Tr)  pounds  at  1,()U4.;]  liorsc- 
power.  At  491.4  horse-power  the  water  consumption  was  13.92 
pounds,  and  at  339.7  horse-powder  it  was  14.58  ]>ounds.  These 
iigures  rei)resent  the  total  water  consumption,  inchiding  that 
used  by  tlie  jackets  and  reheater  coil.  Tlie  heat  consumption  in 
British  tliermal  units  per  indicated  horse-power  per  minute,  is 
given  in  the  12th  cokimn  of  the  table.  This  heat  consumption 
is  computed  according  to  the  standard  recommended  by  the  C'ivil 
Engineers  of  Great  Britain,  where  the  engine  is  credited  with  the 
maximum  temperature  at  which  it  could  return  the  water  to  the 
boiler.  The  results  varied  from  222.7  British  thermal  units  })er 
minute  per  indicated  horse-power  at  027,4  indicated  horse-power 
to  231.8  at   1004.3  indicated  horse-power  and  207.7  at  339.7 

horse-power.* 

TABLE  I. 
Final  Rksults  of  Tests. 
Order  of  Tests  Based  on  the  Amount  of  Poirer  Generated. 


o 

c3 

't-^ 

9 

«>. 

« 

t^ 

&. 

—  — < 

t- 

tS 

nS 

^t^ 

£  = 

tr-g 

-at. 5 

a  _^_ 

;= 

> 

.2u 

Z'-i 

K 

O 

a 

o 

X 
0) 

o 

30    O 

o  aj  t," 
'^— '  2 

I-;  o 

2S1  . 

tttt 

—  u 

is 

<o  o 

.5  o 
S  — 

is 

;y  C   = 
E  u  X 

iZ  B  Z 
i;  c  t. 

*-  —  r. 

c 

1 

z.  5 
S  -5  ♦ 

a;  5 

^ 

rt 

"^ 

>     b 

Si 

>   6J 

>       'S 

> 

ri 

^a 

«r^ 

Q 

.S 

<^  — 

o 

< 

7 

1.2^ 

< 

8 

;^ 

<-' 

'"« 

1 

o 

3 

4 

5 

6 

9 

10 

11 

12 

o 

Dec.  27th 

6.95 

148.0 

27.65 

30.16 

90.7 

120.56 

1004.3 

12.75 

2.31.8 

1 

Dec.  26th 

5  19 

149.8 

28.22 

30.25 

0.99 

97.8 

120.92 

85'^>.3 

12.33 

226.3 

4 

Dec  30th 

8.00 

149.9 

27.33 

29.69 

1.16 

82.5 

121.17 

819.6 

12.55 

229.9 

Dec.  28th 

8.75 

151.3 

28.63 

30.37 

0.85 

96.0 

121.52 

627.4 

12.10 

222 . 7 

0 

Jan.  2d 

8.17 

150.1 

28.77 

HO.  44 

0.82 

87.7 

121.94 

491  4 

13.92 

256.8 

5 

Dec.  31st 

7.30 

150.1 

27.98 

29.86 

0.92 

89.8 

122.67 

339.7 

14.58 

267.7 

7  ■ 

Jan. 2d 

Frictic 

)n  diagn 

ims;  djT; 

iamo  nai 

ming  idle. 

122.00 

45.0 

*  Total  including  that  consumed  by  jackets  and  reheater  coil. 


3.  Fig.  209  show^s  some  of  the  principal  results  graphically.  It 
will  be  seen  that  all  the  results  fall  well  in  line  w^ith  the  excep- 
tion of  two  tests,  Xos.  5  and  0,  which  were  made  at  the  lighter 
powers.  The  reason  for  the  variation  from  the  curve  in  these 
two  tests  is  that  it  was  impossible  to  prevent  an  excessive  steam 
pressure  in  the  boilers,  which  were  operated  by  Roney  stokers, 
without  opening  side  doors  in  the  boiler  setting  and  admitting 
cold  air  above  the  grates.     This  produced  erratic  readings  of  the 
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water  lev^els  in  tlio  boilers,  and  inadc  it  impossible  to  obtain  as 
close  results  as  in  the  other  tests  where  the  side  doors  were  not 
opened.  There  were  loops  formed  at  the  lower  ends  of  the  ex- 
])ansion  lines  of  the  indicator  diagrams  of  the  high  pressure 
cylinders  in  the  two  tests  where  the  power  was  the  lightest. 
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Jacubus,  D.s.  Indicated  Horse-power. 

Fig.  269. — Curves  Showing  the  Water  and  Heat  Consumption  per  Indi- 
cated Horse-power. 


4.  The  water  consumption  was  determined  by  weighing  the 
feed  water  supplied  to  two  Babcock  &  Wilcox  boilers  which' 
furnished  the  steam.  All  water  and  steam  connections  where 
leakage  would  not  be  apparent  were  blanked  off.  The  feed- 
pump was  supplied  with  steam  from  an  independent  source  of 
supply  so  that  all  the  steam  generated  by  the  two  boilers  passed 
to  the  engine. 

5.  Before  starting  to  take  the  readings  for  a  test,  the  engine 
was  run  for  an  hour  or  more  to  make  sure  that  uniform  condi- 
tions were  secured.  If  the  first  readings  were  not  uniform,  the 
start  was  delayed  until  such  was  the  case.  The  amount  of  water 
fed  each  hour  was  determined,  and  the  tests  were  made  of  such  a 
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lont^tli  tluit  tlioy  could  he  divided  into  several  iiitcrvids,  which 
gave  results  agreeing  very  nearly  with  each  other.  The  water 
at  the  boilers  v"^s  balanced  up  in  two  ways  at  each  hourly  inter- 
val. The  first  balance  was  made  by  running  the  feed-pump  as 
unifonnly  as  possible  and  kee})ing  the  water  at  a  given  level. 
After  securing  this  reading,  the  water  level  was  raised  in  the 
boilers,  the  ])ump  stopped,  ;iiid  the  time  taken  wiien  the  water 
reached  the  given  level.  The  rates  of  feed  water  furnished  to 
the  boiler  were  found  to  be  more  uniform  by  the  second  method 
than  by  the  first,  and  the  readings  based  on  the  second  method 
were,  therefore,  used  in  the  computations. 

6.  The  weight  of  drip  water  from  the  jackets  and  from  the 
receiver  coil  was  determined  in  tests  Nos.  4,  5  and  C.  A  special 
test  was  made  to  determine  the  amount  used  for  the  conditions 
which  existed  in  test  Xo.  1.  In  tests  Nos.  2  and  3  the  amount 
of  drip  water  was  determined  b}^  basing  it  on  the  results  found 
in  the  tests  where  it  was  measured.  The  amount  of  drip  water 
is  one  of  the  factors  entering  the  computations  of  the  heat  con- 
sumption which  are  given  in  Table  II.  Any  error  in  the 
amounts  of  drip  water  in  those  tests  where  it  w^as  estimated  from 
the  amount  found  in  other  tests  will  affect  the  final  result  but 
little,  as  an  error  in  the  drip  water  amounting  to  10  per  cent., 
or  about  1  per  cent,  of  the  total  feed  water,  will  cause  an  error 
of  but  3^  of  1  per  cent,  in  the  figure  for  the  heat  consumption. 

7.  The  quality  of  the  steam  was  measured  by  means  of  two 
Barrus  throttling  calorimeters  attached  to  nipples  entering  the 
steam  main  at  points  near  the  throttle- valve.  There  was  a  sepa- 
rator in  the  steam  main  through  which  the  steam  passed  before 
reaching  the  calorimeters.  The  steam  supplied  to  the  engine 
was  found  to  be  dry.  Any  water  separated  from  the  steam  by 
the  separator  was  deducted  from  the  feed  water  in  order  to  ob- 
tain the  net  feed  water  used  by  the  engine. 

8.  The  electrical  power  generated  by  the  engine  was  absorbed 
by  two  water  rheostats,  in  each  of  which  two  plates  of  boiler 
steel  were  suspended  in  salt  water.  These  plates  were  about 
2  feet  wide,  3  feet  deep  and  -J-inch  in  thickness.  Both  of  the 
rheostats  were  used  in  the  tests  with  heavy  loads,  and  but  one 
in  the  tests  with  light  loads.  The  plates  lost  weight  rapidly 
when  in  use,  and  it  was  necessary  to  renew"  them  several  times 
before  the  series  of  tests  were  completed. 

9.  The  indicator  springs  were  carefull}^  calibrated,  and  the 
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TABLE    II. 

Computation  op  tuk  Heat  Consumed  in  B.  T.  U'S.  per  Minute  per  Indi- 
cated IIORSE-POWER.  ^ 


Order  of  Tests  Based  on  the  Amount  of  Power  Generated. 
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equivalent  scales  corresponding  to  the  cards  for  each  test  were 
determined  by  the  .  standard  method,  which  allows  for  all  varia- 
tions. The  equivalent  scales  were  found  to  be  practically  uni- 
form for  the  high  pressure  diagrams,  and  were  so  taken,  whereas 
for  the  low  pressure  diagrams  it  was  necessary  to  employ  a  dif- 
ferent scale  for  each  test. 

The  platform  weighing  scales  used  in  the  tests  were  calibrated 
with  United  States  standard  weights  to  the  maximum  weight  to 
which  they  were  subjected. 

Average  indicator  cards  and  combined  diagrams  are  given  for  the 
tests  where  the  maximum  power  was  developed,  where  the  maxi- 
mum economy  was  obtained  and  where  the  minimum  horse-power 
was  developed,'  these  are  numbered  Figs.  270  to  272  inclusive. 

10.  Table  III.  gives  the  average  mean  effective  pressures  and 
computations  of  the  horse-power.  Table  lY.  contains  computa- 
tions of  the  water  consumption  from  the  high  pressure  indicator 
diagrams.  The  percentage  of  steam  not  accounted  for  by  the 
indicator  less  that  consumed  by  the  jackets  and  reheater  coil 
may  not  be  as  accurate  in  tests  1,  2  and  3  as  in  the  others, 


\\Ari:i{    wn   iii.\i'  consim  ition   oi     \   coMi'orM)  i;N(ii\i;.     12T'.> 

A B    Boiler  rroesuro 


Low  Pressure    Head  End 


10 

5 

atmospheric 

-5 

-10 


Jacobus,  D.s.  ^  Pressure  in  Condenser 

Fig.  270. — Indicator  Cards  and  Combined  Diagram  for  Test  No.  2. 

Test  with  heaviest  load: 
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Diagram  Factor  = r—^-.^^^^    =  83  per  cent. 
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Fig.  271. — Indicator  Cards  and  Combined  Diagram  for  Test  No.  3. 
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Fig.  272. — Indicator  Cards  and  Combined  Diagram  for  Test  No.  5. 

Test  with  lightest  load: 

^.  „  Area  of  Indicator  Diagrams 

Diagram  Factor  = .^^^^^    =  95  per  cent. 
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because  in  these  tests  the  steam  consumed  by  the  jackets  and 
the  reheater  coil  was  not  measured  but  was  estimated  from  the 
results  of  tests  made  under  similar  conditions. 


TABLp  III. 
Mean  Effective  Pressures  and  Horse-powers. 

Horse-power  constants  for  high-pressure  cylinder  =  (revolutions  per  minute  x  0.03342)  for  head 
end  ;  and  (revolutions  per  minute  x  0.03240)  for  crank  end. 

Horsepower  constants  for  lew-pressure  cylinder  =  (revolutions  per  minute  x  0.1333)  for  head 
end  ;  and  (revolutions  per  minute  x  0.1314)  for  crank  end. 
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981325.25 
51 1292.97 
361223.61 
67    34.23 


'a 
2  «-■ 
^> 

SI 


1004.3 
853.3 
819.6 
627.4 
491.4 
339.7 
45.0 


TABLE   IV. 

Steam  Consumption  Computed  from  Indicator  Diagrams  of  the  High 

Pressure  Cylinder. 

The    Average   Data  from  Five  or  Ifore  Sets   of  Diagrams  are  used  iyi  each 

Computation. 


I 


Number 

OP 

Tests. 

Steam  consumption 

computed  from  indicator 

diagrams  in  pounds  per 

hour  per  horse-power. 

Total  feed 
water  con- 
sumed in 
pounds    per 

hour  per 
horse  power. 

Percentage  of 

total  feed 

water  used  by 

jackets  and 

reheater 

coils. 

Percentage  of  total  feed 
water  not  accounted  for  by 
indicator  diagrams  =  total 
percentage   not  accounted 

for,  less  that  used  by  the 
jackets  and  reheater  coils. 

Near 
cut-oflf. 

Near 
release. 

Near  cut-off. 

Near  release. 

2 
1 
4 
3 
6 
5 

9.83      , 

9.60 

8.92 

8.17 

7.44 

6.79 

9.85 
9.37 
9.45 

8.73 
8.8a   ^ 
9.77 

12.75 
12.33 
12.55 
12.10 
•'13.92 
14.58 

11.5 
9.9 
9  1 

.     10.7 

10.8 

9.9 

11.4 
12.3 
19.9 

21.8 
35.8 
43.5 

n.2 

14.1 
15.6 
17.2 
25.8 
23.1 
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DISCUSSION. 

Mr.  Rool'wood. — Tliis  paper  appojirs  to  be  purely  a  record  of 
observed  facts,  and  not  to  be  controversial  in  any  way,  altliou^^li 
bourin*^  u])on  the  subject  of  conipound-en/^^nne  desif^n  witli  much 
force.  It  is  simply  a  statement  of  what  Professor  Jacobus  found 
in  these  tests;  and  as  I  am  sure  then;  is  no  more  competent 
tester  of  engines  in  the  Avorld  than  J*rofessor  Jacobus,  tlicse  i-e- 
sfilts  ought  be  of  substantial  value.  I  should  like  to  offer  a  few 
remarks  suggested  by  the  values  as  presented. 

In  the  first  ])lace  the  economy  of  steam  is  very  higli.  It  is 
noticeable  that  it  was  obtained  while  exhausting  into  a  verv 
unusually  good  vacuum,  namely,  28.03  inches.  I  have  alwavs 
believed  that  the  highest  economy  of  coal 'comes  Avith  the  hio-h- 
est  degree  of  vacuum.  There  was  a  heresy,  widespread  at  one 
time,  that  the  medium  vacuum — S-i  to  20  inches — gave  the  best 
results.  The  idea  w^as  based  on  the  possibility  of  obtaining'*  hot- 
ter  fetxl-water  from  the  hot-well  with  the  higher  condenser  tem- 
perature. A  few  months  ago  I  crossed  the  Atlantic  (ju  a  steam- 
ship where  they  were  running  10,000  horse-])o\ver,  and  the 
engineer  told  me  that  he  was  endeavoring  to  carry  onlv  24  inches 
of  vacuum  for  the  sake  of  the  hotter  feed-water  this  cave  him, 
thus  wholly  ignoring  the  waste  of  power  due  to  the  extra  back 
pressure  in  the  condenser.  Another  consideration  influencing 
the  advocates  of  this  low-vacuum  theory  is  the  reduction  in  tem- 
perature range  in  the  low-pressure  cylinder  accompanying  the 
low  vacuum. 

It  has  been  my  belief  that,  notwithstanding  these  disadvan- 
tages, the  extra  useful  work  performed  in  the  low-])ressure  cyl- 
inder by  the  higher  vacuum  (provided  it  does  not  cost  too  much 
to  obtain  this  higher  vacuum)  will  more  than  compensate  for  the 
losses  by  cooler  feed-water  and  greater  temperature  range.  All 
the  best  work  done  with  pumping-engines — of  the  Allis,  Seron 
and  Leavitt  types — has  been  done  with  the  highest  vacuum,  and 
now  these  Jacobus  tests  still  further  bear  out  this  view. 

The  next  interesting  point  about  the  plant  tested  is  the  type 
of  condenser  used  to  get  the  high  vacuum  recorded — that  is,  the 
Bulkley  injector-condenser.  I  have  lately  been  interested  in 
getting  the  best  condensing  plant  for  a  steam  turbine.  The 
builders  of  the  turbine  advise  a  very  heavy  expenditure  of  money 
on  a  surface  condenser,  or  a  ''barometric"  condenser,  operated 
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by  a  double-stage  dry-vacuum  pump  at  a  cost  of  $2,500,  when 
a  l>ulkley  condenser  plant  can  be  installed  for  less  than  half  that 
sum.  Moreover,  the  turbine  does  not  have  the  disadvantage  of 
air  leaks  around  piston-rods  and  valve-stems  as  tliis  engine  has; 
yet,  here  in  this  paper,  it  is  stated  that,  with  the  leaks  insepar- 
able from  piston-rod  and  valve-stems,  and  long  runs  of  exhaust 
and  water-supply  pipes,  the  vacuum  obtained  was  as  high  as  can 
be  depended  upon  with  the  best  double-stage  dry-vacuum  pump 
arrangement,  with  its  high  cost  for  power  to  operate  it.  * 

Another  matter  of  considerable  general  interest  upon  which 
the  data  in  the  paper  bear  is  the  question  whether  it  is  wise  to 
install  a  comparatively  large  engine  for  a  given  power  require- 
ment, thereby  getting  a  somewhat  reduced  steam  consumption 
per  indicated  horse-power  per  hour,  or  to  buy  a  smaller  engine 
on  account  of  its  lesser  first  cost. 

In  the  case  before  us  Professor  Jacobus  found  that  when  the 
engine  works  at  the  rate  of  1,004  indicated  horse-power  it  uses 
12.75  pounds  per  indicated  horse-power  per  hour,  and  when  it  is 
loaded  to  a  little  more  than  one-half  that  rate — 627  indicated 
horse-power — it  uses  but  12.1  pounds.  The  larger  engine  is  thus 
more  economical  of  fuel  when  under  loaded  than  when  full 
loaded.  But  the  question  to  be  answered  by  the  purchaser  of  an 
engine  is  whether  the  larger  engine  will  earn  enough  by  its  sav- 
in o^s  in  coal  to  warrant  its  extra  cost. 

It  will  save  the  difference  betAveen  12.76  and  12.1,  as  compared 
with  12.76,  or  5  per  cent,  of  its  coal.  The  total  coal  consump- 
tion during  running  time  will  be  at      '       x  1,004  x  10  x  810  = 

about  2,000  tons.  This,  at  $4.00  a  ton,  will  cost  $8,000.  The 
saving,  therefore,  will  be  5  per  cent,  of  $8,000,  or  $400  per  an- 
num. The  difference  between  the  cost  of  an  engine  of  1,004 
horse-power  and  one  of  627  horse-power,  at  $22.00  at  horse-power, 
would  be  377  x  22  =^  $8,294.  There  will,  however,  be  a  differ- 
ence of  about  20  horse-power  in  the  friction  loads  of  the  two  en- 
gines. This,  at  the  same  cost  for  power,  reduces  the  apparent 
saving  of  $400  to  $240 ;  and  the  net  earning  of  the  larger  engine 
is  but  3  per  cent,  on  the  extra  first  cost,  to  say  nothing  of  extra 
oil,  waste  and  attendance. 

It  is,  however,  some  satisfaction  to  know  that  there  is  any 
saving  at  all  when  one  feels  obliged,  in  view  of  future  exten- 
sions, to  provide  more  engine-power  than  he  would  otherwise. 
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Mr.  C  V.  Krrr. — As  lon^i^  as  lliis  condonscM*  (jucstiou  lias  or)ni(» 
uj)  I  want  to  call  the  attention  of  tlio  meetin*^  to  a  note  wliicli 
I  fifJitlierecl  from  tlic  Hartford  Electric  LiHit  Woi'ks  durinir  tlui 
last  winter.  Thev  have  a  AVorthington  condenser  there,  run  in 
connection  with  a.  c()olin<j;"  tower  and  centrifu^^^al  ])uni|)s.  In  the; 
sununer  time  the  vacuum  ran  from  2()|  inches  to  i^T^  inches,  with 
82  degrees  of  circuhiting  water^  and  in  the  winter  from  ti8  to  2!> 
inches.  This  vacuum  is  measured  by  a  mercury  column  attached 
to  the  exhaust-])ipe,  perhaps  20  feet  from  the  turbine.  This  is  a 
1,500-turbine  which  is  used  in  connection  with  the  ])o\ver  plant. 
The  vacuum  mentioned  is  28. 0  inches,  I  believe,  and,  if  the  engi- 
neer did  not  fail  in  his  recollection  of  the  exact  figure,  here  is  one 
29  inches,  which  is  a  little  higher  than  that  given.  In  this  case 
there  is,  I  believe,  a  two-stage  air-pump  used  in  connection  Avith 
the  condenser,  which  probably  accounts  in  part  for  the  high 
vacuum.  It  should  be  noticed,  also,  that  there  is  .a  difference  in 
the  vacuum  between  summer  and  winter. 

3fr.  J.  S.  Coon. — On  this  subject  of  condensers,  I  would  call 
the  attention  of  the  gentlemen  here  to  the  plant  of  the  Manhat- 
tan Elevated  Kailroad  in  Xew  York  City.  On  Monday  of  this 
week  I  was  in  their  station  looking  around,  and  Mr.  Tomlinson, 
the  Chief  Engineer,  told  me  that  they  had  made  some  careful 
experiments  to  determine  the  loss  of  pressure  on  the  exhaust- 
pipe,  between  the  cylinder  and  the  condenser,  and  he  made  the 
astonishing  statement  that  that  loss  of  pressure  was  a  pound  and 
a  quarter  in  a  30-inch  steam-pipe  at  a  point  near  the  cylinder  and 
a  point  near  the  condenser.  I  suj^pose  many  of  you  gentlemen 
are  familiar  with  the  construction  in  that  station  and  know  that 
the  exhaust-pipe  goes  a  distance  of  60  or  70  feet — a  30-inch  pipe 
— from  the  low-pressure  cylinder  to  the  condensers  down  under- 
neath the  engine-room  floor.  They  are  now  taking  out  all  of 
those  condensers,  the  air-pumps  being  driven  by  electric  motors, 
and  substantially  a  modified  Build ey  condenser — modified  to  the 
extent  of  having  the  air-pump  attached  to  it — is  being  placed 
light  up  against  the  cylinder,  so  that  they  will  get  rid  of  the 
pound  and  a  quarter  loss  in  the  steam-pipe.  The  vacuum  obtained 
in  both  cases  is  about  2S|-  inches.  The  injection  of  the  water  is 
forced  to  the  condenser  by  a  circulating  pump  driven  by  a  Ball 
engine.  The  exhaust  from  the  engine  is  put  into  the  receiver 
between  the  two  cylinders.  The  fall  between  the  condenser  and 
the  out-take  is  over  30  feet,  being  sufficient  to  maintain  the 
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vacuiiin.  The  astonishin*^  tiling  to  in(3  about  the  phmt  Avas  the 
enomious  loss  of  pressure  between  the  cylinder  and  the  conden- 
ser, but  Mr.  Tomlinson  says  that  they  expect  to  get  at  least  12 
per  cent,  increase  in  the  power  of  the  engines,  and  a  correspond- 
ing increase  in  economy  by  the  changes  that  they  are  now 
making. 

Mr.  F.  R.  Lou\ — I  think  Mr.  Coon  has  left  out  the  most  in- 
teresting feature  of  that  plant,  and  that  is,  that  Mr.  Tomlinson 
is  arranging  so  that  he  will  be  prepared  to  discharge  the  dry-air 
pump  into  the  tail  pump. 

Mr.  Albert  A.  Cary. — According  to  my  understanding,  the  con- 
densing water  used  in  the  station  just  referred  to  is  salt  water 
obtained  from  the  East  Eiver.  The  resulting  mixture,  consist- 
ing of  the  condensed  steam  from  the  engine  and  the  salt  water 
from  the  river  of  course,  is  useless  for  boiler  feed- water,  and, 
therefore,  all  of  the  water  supply  must  be  drawn  from  the  city 
mains  which  results  in  a  considerable  item  of  expense  in  these 
very  large  stations. 

This  brings  before  us  the  much-debated  question  occurring  in 
these  E"ew  York  water  front  stations,  as  to  whether  it  is  more 
desirable  to  use  this  or  a  jet  form  of  condenser  and  throw  avvay 
the  condensed  steam,  or  else  to  use  a  surface  condenser  and  save 
this  water  with  its  contained  oil  for  boiler  feeding,  and  depend 
upon  some  one -of  the  numerous  so-called  oil-separators  to  protect 
the  boilers  from  disaster. 

There  are  stations  on  the  water  front  where  they  are  follow- 
ing this  last  described  practice  with  seemingly  good  success,  and 
it  would  be  very  interesting  to  know  the  comparative  cost  of 
keeping  the  boilers  in  repair  in  the  stations  using  each  of  these 
forms  of  condensers. 

Professor  Jacobus/^ — I  thank  the  gentlemen  for  their  kind  dis- 
cussions, to  which  there  is  little  I  need  reply  to  or  add. 

The  vacuum  to  give  the  highest  coal  economy  depends  on  the 
ratio  of  expansion.  Where  there  is  a  low  ratio  a  very  high  vacuum 
may  not  be  as  economical  as  a  somewhat  lower  one,  but  with  a 
high  ratio  and  a  correspondingly  economical  engine  the  greater 
the  vacuum,  within  ordinary  limits,  the  greater  the  economy. 

The  condensing  water  for  the  Bulkley  condenser  was  supplied 
from  the  city  serv^ice,  and  the  inlet  valve  was  adjusted  to  give 

*  Author's  Closure,  under  the  Rules. 
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the  host  vacuuni.  In  th^  tests  tliis  water  was  wasted,  hut  under 
workinof  conditions  it  is  used  in  the  refinery.  On  comparing 
this  condenser  witli  one  of  the  surface  condensing  ty|)e,  the  fact 
that  a  ])uni])  often  lias  to  ))e  used  to  raise  the  cooling  water  to 
it  must  not  he  lost  sight  of. 

There  is  one  feature  Avhich  should  have  heen  mentioned  in  tlie 
paper  which  was  omitted;  this  is,  tiiat  the  valve-gear  was  ad- 
justed once  for  all  hefore  starting  the  test  and  was  not  altered 
in  any  way  during  the  tests.  As  stated  in  the  pa])er,  there  were 
loops  at  the  lower  ends  of  the  expansion  lines  of  the  indicator 
diagrams  of  the  high -pressure  cylinder  in  the  two  tests  where 
the  power  was  the  lightest.  These  loops  could  have  heen  avoided 
if  the  valve-gear  had  heen  adjusted  hefore  making  the  tests  at 
the  low  powers,  but  as  the  work  ordinarily  placed  on  the  engine 
caused  sudden  variations  in  the  power,  the  valve-gear  could  not 
be  adjusted  while  running  in  regular  service,  and  this  was,  there- 
fore, not  done  in  the  tests.  Had  the  valve-gear  been  adjusted 
so  as  to  avoid  the  loops,  the  water  consumption  would  prohaljly 
have  been  more  economical  in  the  two  tests  at  the  low  powers 
than  that  Avhich  was  found. 

The  indicator  diagrams,  Figs.  270  to  272  inclusive,  have  not  been 
reproduced  exactly,  and  the  lines  in  the  cuts  are  irregular; 
whereas  the  original  cards  were  smooth  and  symmetrical.  It 
is  not  apparent  on  the  combined  diagrams  how  the  point  G  is 
located.  Tliis  is  found  by  extending  the  expansion  line  of  the 
low-pressure  cylinder,  according  to  the  hyperbolic  law,  until  it 
intersects  a  vertical  line  passing  through  the  end  of  the  diagram. 
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No.  lOOO.  * 

DESCRIPTION  OF  SIXTY-FOOT  VERTICAL  BORING 
AND  TURNING  MILL  DESIGNED  BY  JOHN  RID- 
DELL  FOR  GENERAL  ELECTRIC  CO. 

BY  JOHN  RIDDELL,   SCHENECTADY,   N.   Y. 

(Member  of  the  Society.) 

1.  The  mill  herein  described  was  made  necessary  owing  to  the 
constantly  increasing  dimensions  of  dynamo  electric  machines. 
On  account  of  its  immense  proportions  and  weight  of  material, 
it  was  deemed  necessary  to  build  it  in  the  factory  where  it  was 
to  be  used,  and  it  has  been  suggested  by  several  disinterested 
parties  that  a  general  description  of  the  machine  would  be  of 
interest  to  the  members  of  the  American  Society  of  Mechanical 
Engineers,  or  any  others  interested  in  large  machine  work. 

Possibly  the  best  way  to  describe  this  machine  would  be  to 
start  with  the  foundation. 

Foicndation. 

2.  This  is  shown  in  section  in  Fig.  273,  which  also  shows  a  sec- 
tion through  the  Avhole  machine.  From  the  floor  line  to  the 
bottom  of  foundation  is  22  feet  6  inches. 

When  the  excavation  was  made  for  this  foundation  a  bed  of 
quicksand  was  struck  at  the  depth  of  8  feet,  which  rendered  it 
necessary  to  have  a  steel  tank,  9  feet  in  diameter  by  12  feet  9^ 
inches  in  height,  sunk  to  keep  back  the  sand  and  water.  It  was 
found  impossible  to  sink  this  tank  by  the  regular  method  of  dig- 
ging, and  the  hydraulic  process  of  sinking  was  resorted  to.  After 
the  tank  was  in  place,  as  much  earth  as  possible  was  removed  from 
the  outside,  gradually  rounding  the  bottom  up  toward  the  outer 
edge  of  the  foundation,  the  object  being  to  keep  the  bottom  of 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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the  foundation  in  as  nearly  a  semi-spherical  form  as  possible,  the 
idea  being  that  in  settling  it  Avould  adjust  itself  in  a  solid  mass. 
In  buildino  the  foundation  the  advantage  of  liavin<j:  an  ample 
number  of  passageways  of  liberal  size  was  taken  into  consider- 


FiG.  273. 


ation,  with  the  result  that  the  working  parts  of  under  side  of 
mill  are  comparatively  of  as  easy  access  as  the  parts  above  the 


floor.     See  Fig.  274. 


Bed  Plate. 


3.   The  bed  plate  is  20  feet  in  diameter,  and  for  convenience  is 
made  in  three  pieces,  one  pattern  only  being  necessary,  each 
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•Ji)l 


segment  wei<»hs  2(),*.KK)  ])oun(ls,  injikin<;  ji  total  for  bed  plate  of 
80,700  pounds.  The  IhmI  plate  has  two  ways  for  tahle  to  revolve 
upon,  the  centre  ot"  outside  way  is  17  feet  0  inelies  in  diainctrr 
and  is  10  inches  wide.  The  centre  of  inside  way  is  5  feet  diam- 
eter and  is  G  inches  wide.  The  outside  way  has  a  bearing'  sur- 
face of  6,600  square  inches,  and  the  inside  way  a  bearing  surface 


Fig.  275. 

of  1,130  square  inches,  making  a  total  bearing  surface  for  table 
of  7,730  square  inches.  The  maxiniuin  approximate  total  Aveight 
including  table  that  the  bed  plate  is  expected  to  carry  is  300  tons, 
thus  making  a  pressure  of  77.6  pounds  per  square  inch.  It  is 
also  bored  out  in  the  centre  to  a  diameter  of  4  feet  to  receive  the 
main  bearing  for  table  spindle.  It  has  a  projecting  shelf  or 
flange  around  entire  periphery,  faced  on  upper  side  to  form  a 
support  for  floor  plates,  Fig.  275,  which  are  bolted  securely  to  the 
same,  and  is  also  faced  on  bottom  to  form  seat  for  bar  support. 
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4.  Ainj)le  means  are  provided  for  oiling  the  table  ways,  by 
flooding  or  by  pressure;  the  flanges  at  sides  of  ways  form  an 
oil  well  and  are  of  sufficient  height  to  allow  a  head  of  2  inches 
of  oil  above  surface  of  bearing  at  all  times.  (It  may  be  of  inter- 
est to  know  that  32  gallons  of  oil  are  required  for  this  purpose.) 

There  are  two  sets  of  oil  channels,  one  consisting  of  a  number 
of  grooves  -J-  inch  wide  by  i  inch  deep,  running  diagonally  across 
the  waySj  in  opposite  directions  (open  at  the  ends)  sub-dividing 
the  same  into  a  number  of  triangular  faces,  free  circulation  being 
thus  induced  from  side  to  side  of  bearing. 

The  pressure  system  consists  of  a  number  of  pipes  from  press- 
ure main  terminating  in  radial  oil  grooves  in  ways. 

5.  The  pressure  and  return  piping  being  of  brass,  all  branches 
are  bent,  no  elbows  being  used.  Two  mains  extend  entirely 
around  bed  plate,  as  seen  in  vertical  section  of  mill,  the  lower 
being  the  pressure  and  upper  the  return  mains.  Six  1-inch 
branches  from  return  main  pass  up  through  oil  well  at  side  of 
ways  and  terminate  in  open  pipes  2  inches  high,  to  take  care 
of  surplus  oil.  All  other  bearings  are  piped  to  a  central  loca- 
tion and  are  fitted  with  sight-feed  oil  cups. 

Tahle. 

6.  The  table  is  20  feet  4  inches  in  diameter,  and  is  made  in 
three  sections,  each  section  weighs  26,300  pounds — total  weight 
of  table  78,900  pounds. 

The  table  has  a  range  of  speeds  from  one  revolution  in  8  min- 
utes to  one  revolution  in  1  minute.  The  greatest  gear  reduction 
obtained  for  driving  table  being  1,040  to  one. 

Table  is  driven  through  a  spur  gear  20  feet  pitch  diameter, 
3.1116  inches  circumferential  pitch  10|^  inches  face,  made  in  two 
pieces  of  gun  iron,  bolted  to  under  side  of  table,  Fig.  276.  This 
gear  weighs  14,000  pounds  and  is  driven  by  two  pinions,  180 
degrees  apart.  Pinions  are  15  pitch  diameter,  and  are  made  of 
forged  steel. 

7.  The  spindle  for  the  table  has  a  length  of  6  feet  9  inches, 
and  greatest  diameter  5  feet  6  inches  where  it  rests  in  inner  way 
of  bed  plate,  and  has  a  taper  of  f  inch  per  foot  on  main  bearing, 
being  46  inches  diameter  at  large  end  and  40  inches  long;  weight 
of  same  being  10,100  pounds.  It  is  also  bored  out  and  splined 
at  each  end  to  receive  bearings  for  the  boring  bar  sleeve,  and 
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also  juljustmonts  for  tlie  same.  Iiearin*.'-  I'oi'  lahlc  spindh^  is  48 
inches  outside  diameter,  40  inclies  lon^,  lias  babbitted  ])ocket8 
on  inside  for  spindle  bearin<^,  Vl^y.  277,  bored  to  a  diameter 
of   4<)    inches   at    lar<i-e   end    with    J-inch    taper    jht    foot,    and 


Fig.  276. 


is  adjusted  by  means  of  set  screws  in  a  ring,  which  is  bolted 
to  under  side  of  bed  plate,  one-half  of  the  screws  being  arranged 
to  push  bearing  upward,  and  other  half  to  draw  down.  This 
bearing  weighs  3,700  pounds.  Immediately  outside  of  revolving 
table  there  are  14  floor  plates,  making  a  stationary  table  of  44 
feet  diameter,  each  plate  weighing  19,000  pounds,  making  a 
total  of  206,000  pounds.     Outside  of  this  table  there  extends  15 
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plates  radially  r>  feet  wide  by  1<»  Icct,  <;  inclics  \t>n^^,  iiiakin;^^  com- 
plete  outside  diaiiioter  of  65  feet.  Each  ol  ilicst^  plates  weigh 
18,000  pounds,  making  a  total  weight  for  tin;  IT)  (jf  ltJ.">,0(M) 
pounds. 

^.  Tlie  stationary  table  has  two  tracks  upon  its  surface,  c(»ntro 
of  inside  track  being  30  fet^'t  diameter  and  centre  of  outside  track 
40  feet  diameter,  both  12  inches  wide.  The  object  of  these 
tracks  is  to  form  an  outer  bearing  for  support  on  which  boring 
tool  heads  rest  when  boring  out  large  fly-wheels  or  frames,  or 
forming  outer  bearing  for  frames  or  fly-wheels  Avhen  they  are 
being  revolved  by  table  and  are  being  turned  on  their  outside 
diameters.  These  tracks  are  covered  by  a  moving  i)latform,  to 
])rotect  them  from  chips  or  dirt,  and  upon  which  the  o])erator 
may  stand. 

Boring  Bar. 

9.  The  bar  su])port,  Fig.  278,  consists  of  a  cast  iron  shell  made 
np  of  a  number  of  segments  which  have  been  machined  up 
and  bolted  together,  and  is  suspended  from  under  side  of  bed 
])late.  At  ^I  is  shown  a  seat  for  bevel  ])inion  on  main  table 
driving  shaft;  at  B  seats  for  bearings  of  diagonal  shafts;  at  C 
seats  for  main  driving  shaft  of  boring  bar:  and  at  IJ  a  seat  for 
step  bearing  of  bar  drive,  while  at  bottom  is  support  for  boring 
bar. 

1<>.  The  boring  bar  Avas  desifT:ned  for  borins:  out  work  varvinsr 
from  1  foot  to  8  feet  in  diameter,  is  24  inches  diameter  by  16 
feet  long,  and  is  made  to  revolve  in  either  direction  by  means 
of  suitable  gearing  and  reversing  clutches  through  a  gear  09^ 
inches  diameter  by  6  inches  face,  which  is  placed  u})on  the  lower 
end  of  the  bar  sleeve.  This  sleeve,  which  weighs  8,450  pounds, 
is  8  feet  1^  inches  long,  rests  and  revolves  in  flat  bearing  in 
the  top  of  the  table  spindle,  and  is  centred  V)y  means  of  the 
tapered  bearings  A  and  B  placed  respectively  at  the  to]i  and 
bottom  of  the  main  spindle,  keyed  to  the  same  to  prevent  tur- 
ning, but  adjustable — vertically — by  suitable  adjusting  screws, 
as  shown  in  vertical  section  of  mill.  This  sleeve  has  feathers 
fastened  in  the  bore,  through  which  the  bar  passes. 

11.  The  bar  which  is  to  have  an  hydraulic  feed  is  made  in  two 

sections — each  a  cylinder — the  upper  12  inches  diameter  by  4 

feet  8  inches  travel,  and  the  lower  18  inches,  bushed  with  copper 

sleeve  to  17^  inches  diameter,  and  has  a  travel  of  8  feet.     The 

83 
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j)ist()ii  of  lower  cylinder  is  stationary  and  mounted  securely  upon 
a  hollow  piston  rod,  which  contains  an  internal  tube  which 
passes  up  through  the  piston  to  upper  end  of  cylinder,  oil  for 


Fig.  278. 


upper  end  passing  through  this  tube  and  for  lower  end  through 
outside  or  piston  rod  tube  and  by  means  of  port  in  the  same 
near  its  connection  with  the  piston  passes  into  cylinder;  thus,  by 
admitting  oil  to  under  side  of  piston,  the  bar  or  cylinder  moves 
downward  and  admission  to  upper  side  gives  motion  upward. 
12.   Should  it  be  necessary  to  bore  out  a  piece  of  work  24 
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inches  or  less  in  diameter,  resource  is  then  liad  to  tlic  iipjM'i-  cyl- 
inder, wliere  we  have  a  double-acting  j^iston,  the  rod  of  wliich 
is  8  inches  diameter  ano  forms  the  boring  bar.  Oil  for  of)erating 
this  plunger  is  obtained  as  follows:  Valve  A  in  bottom  cylinder 
head  is  opened,  the  oil  passes  through  valve  uj)  through  pi])e 
which  is  embedded  in  side  of  bar,  up  to  and  tlirough  inner  head 
between  upper  and  lower  cylinders,  thence  to  under  side  of  top 
piston;  the  feed  being  controlled  by  the  quantity  of  oil  allowed 
to  escape  from  upper  side  of  piston.  It  will  thus  be  seen  that 
pressure  is  on  both  sitles  of  both  pistons  at  the  same  time,  the 
])ressure  from  pump  being  at  the  lower  side  of  toj)  piston  and 
lower  side  of  bottom  piston,  while  the  exhaust  is  on  opposite  side 
of  pistons;  this  is  to  prevent  any  jumping  effect  of  the  bars  in 
vertical  direction  when  blo\v^  holes  or  other  obstructions  are  en- 
countered. By  reversing  the  mam  operating  valve,  feed. in 
opposite  direction  is  obtained,  the  top  of  large  bar  and  small 
plunger  being  made  Avith  taper  sockets  and  key  to  carry  boring 
heads.  These  boring  heads  being  provided  with  suitable  cross- 
feed  slides  to  bore  to  diameter  required.  Thus  when  key-ways 
are  required,  the  same  may  be  done  by  removing  the  boring  tools 
and  substituting  slotting  tools,  and  then  by  manipulating  the 
main  operating  valve  the  bar  may  be  given  the  cutting  speed 
required  and  also  have  a  quick  return. 

Standards  or  JSousings. 

13.  The  housings  are  constructed  entirely  different  from  the 
standard  type  of  vertical  boring  mill.  There  are  two  large  port 
able  uprights  15  feet  high,  having  one  part  of  upright  standing  in 
same  line  as  cross  rail  and  the  other  standing  at  right  angles 
thereto,  both  forming  part  of  common  base  9  feet  square  and 
tied  together  on  inside  near  the  top  by  a  very  strong  brace.  The 
arm  or  cross  rail.  Fig.  279,  which  has  a  vertical  adjustment  on 
standards,  has  bearings  and  gibs  between  rail  and  housings  of  am- 
ple width  and  length  to  secure  alignment  of  the  same.  They  also 
have  a  large  bracket  at  the  back  which  slides  upon  back  column 
of  standard  and  a  clamping  device  at  end  of  rail,  which  passes 
across  the  face  of  housing,  both  of  which  when  secured  serve  to 
prevent  springing  of  the  rail  during  operation.  Additional  sup- 
port is  given  to  rails  where  they  join  at  the  centre,  by  means  of 
a  stationary  stand  and  bracket  extending  out  to  and  against  the 


1238        A   SIXTY-FOOT   VERTICAL  BORING  AND   TURNING   MILL. 

rail,  as  shown  in  plan  of  mill,  these  rails  being  of  sufficient 
length  to  enable  a  minimum  diameter  of  12  inches  and  a  maxi- 
mum diameter  of  28  feet  being  bored  and  turned  without  moving 
the  housings. 

14.  The  design  of  cross  rail  is  peculiar  in  construction  in  hav- 
ing the  lower  face  project  3^  inches  beyond  the  upper  part;  this 
lower  is  12  inches  wide  vertically  and  forms  the  main  horizontal 
guide  for  saddle,  one  advantage  being  a  double  bearing  to  sus- 
tain the  weight,   the  principal  object  being,  however,  greater 


Hidden  Jno, 


Fig.  279. 


accuracy  and  less  liability  for  the  saddle  to  oscillate,  owing  to 
the  proportions  of  length  to  width  of  bearing,  which  is  12  x  42 
inches.  The  usual  proportions  of  large  boring  mill  saddles 
being  about  square.  We  still  retain  the  great  width  of  rail  to 
counteract  the  tool  action. 

15.  Movement  or  feed  of  saddles  along  the  rail  is  made  by 
means  of  hydraulic  mechanism,  the  piston  and  rod  being  station- 
ary and  attached  to  bracket  on  outer  end  of  rail.  The  cylinder 
is  allowed  to  float,  carrying  on  inner  end  a  pair  of  gears  propor- 
tioned two  to  one,  which  engages  in  two  racks,  the  upper  or 
stationary  rack  meshing  with  small  gear,  and  the  lower  racks 
attached  to  saddle  and  meshing  with  large  gear;  this  arrange- 
ment gives  a  motion  of  head  equal  to  three  times  that  of  cylin- 
der, pressure  being  admitted  and  discharged  in  the  same  manner 
as  described  in  main  boring  bar. 
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16.  The  b()rin<^  bar  in  tool  heads — li^  inches  diaineter  l)y  ir> 
feet  long — are  held  in  bearings  on  swivel  plate,  as  on  staiKhii'd 
type  of  mill.  This  bar  is  bored  out  and  litted  with  a  doul)le- 
acting  ])iston  and  hollow  piston  rod  and  cross  head  to  which  are 
attached  two  racks  which  serve  as  keys  to  prevent  turning  of 
bar  and  also  for  raising  or  lowering  of  bar  or  tool  heads.  The 
bar  can  be  held  in  position  as  in  standard  mills,  or  can  be  lowered 


Fig.  280. 


and  clamped  to  floor  when  turning  a  piece  of  work.  (See  verti- 
cal section  of  boring  mill,  left-hand  bar.) 

17.  The  tool  head  is  also  provided  with  suitable  device  for 
raising  or  lowering  bar  by  hand. 

The  tool  head  on  bar  consists  of  a  cross-slide  and  swivel  attach- 
ment, capable  of  being  revolved  around  the  bar  by  means  of 
worm  and  wheel,  and  moved  vertically  along  the  bar  by  means 
of  the  two  racks  above  mentioned. 

IS.  The  housings  are  supported  by  the  stationary  table  and 
floor  plates  extending  from  the  table  to  a  diameter  of  05  feet, 
being  free  to  travel  from  a  position  close  to  table  to  outside 
diameter  of  plates,  in  which  position  they  are  capable  of  boring 
or  turning  work  of  a  maximum  diameter  of  60  feet. 

Housing-rails,  etc.,  weighing  155,580  pounds. 
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10.  Tho  |)()\V(M"  foi-  (Iriviiii;-  iliis  mill  is  ohtaiiicd  Irom  a  50 
horse-power  variable  speed  motor.  This  motor  has  a  range  of 
speeds  of  from  128  to  512  revolutions  ])er  minute  inclusive,  power 
being  transmitted  from  pinion  on  ai-mature  shaft  through  train 
of  gears  to  nuiin  driving  shaft;  Fig.  2S0,  upon  main  driving  shaft 
is  bevel  ])inion  which  meshes  into  two  bevel  gears  on  two  shafts 
])laced  diagonally,  u])on  other  end  of  which  are  two  bevel  pinions 
meshing  in  two  large  bevel  gears,  mounted  upon  vertical  shafts, 
upon  which  are  the  two  pinions  for  driving  tal>le  gear.  Motor  is 
controlled  by  means  of  a  portable  controller,  which  can  be  carried 
to  any  point  about  the  mill  convenient  for  the  operator.  Fi<'\ 
281  shows  the  machine  applied  to  boring  a  field  ring  34  feet  in 
diameter. 

]S"et  total  Aveight  of  boring  mill  complete  is  885,620  pounds. 
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THE  MACHINE  SHOP   PROBLEM.] 

BY   CHARLES   DAT,    NICETOWN,  Pnil.ADELPHIA. 

(Junior  Member  of  the  Society.) 

1.  It  has  been  our  good  fortune  to  have  had  the  opportunity  to 
famiharize  ourselves  with  Mr.  Fred  W.  Taylor's  work  in  shop 
management,  as  well  as  the  paper  which  he  has  prepared  for 
this  meeting.  Being  heartily  in  sympathy  with  his  methods, 
at  the  present  time  being  engaged  in  the  introduction  of  his 
system  for  one  of  our  clients,  it  will  hardly  be  necessary  to  state 
that  man}^  of  the  factors  considered  below  are  original  with  him. 

It  is  not  the  intention,  however,  of  this  paper  to  either  discuss 
or  outline  the  Taylor  System,  but  rather  to  point  out  a  few  facts 
which  have  been  forcibly  impressed  upon  us  when  in  charge  of 
the  equipment  and  management  of  manufacturing  establishments. 
Foremost  among  these  we  would  mention  the  absence  of  a  uni- 
form development  of  the  various  departments  of  which  they  are 
composed. 

2.  Starting  wuth  the  broadest  possible  subdivision  of  a  business, 
we  usuallv  find  a  marked  contrast  in  the  general  efficiencv  of  the 
departments ;  the  management,  as  a  rule,  directing  the  greater 
part  of  their  time  and  energy  to  the  development  of  lines  for 
which  they  have  a  particular  taste,  according  as  they  may  have 
been  influenced  by  their  past  opportunity  and  experience.     This 


*  Pi-esented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Trans- 
actions. 

f  For  further  discussion  on  this  topic  consult  Transactions  as  follows  : 
No.  341,  vol.  X.,  p.  600  :  "Gains  Sharing."     H.  R.  Towne. 
No.  449,  vol.  xii.,  p.  755  :   "  Premium  Plan."     F.  A.  Halsey. 
No.  647,  vol.  xvi.,  p.  850  :  "  Piece  Rate  System."     F.  W.  Taylor. 
No.  909,  vol.  xvii.,  p.  1040  :  "  Drawing  Room  and  Shop  System."     F.  O.  Ball. 
No.  028,  vol.  xxii.,  p.  341  :  "  Bonus  System  for  Rewarding  Labor."    H.  L.  Gautt. 
No.  965,  vol.  xxiv.,  p.  250:    "Gift  Proposition  for  Paying  Workmen."     Frank 
Richards. 
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state  of  affairs  is  as  cloarly  exonipliliod  wIk'ii  plannln<^  tho  oqnip- 
inont  and  organization  of  a  now  plant  as  tlio  niaintenanoo  and 
development  of  an  old  one. 

The  buildings,  wliich  should  be  secondary  to  tlu^  equipment,  are 
commonly  designinl  and  erected  without  proper  consideration  of 
the  work  in  view,  limitations  being  imposed  by  this  work  render- 
ing the  use  of  the  proper  methods  and  apparatus  of  but  small 
value.  The  shop  architect  cannot  lay  out,  to  advantage,  buildings 
for  a  given  ])lant  unless  conversant  with  the  character  of  the 
work.  The  location  of  the  machines,  the  svstem  of  ])ower  trans- 
mission and  innumerable  other  details  materially  affect  the  de- 
sign of  buildings.  Notwithstanding  these  ahuost  self-evident 
facts,  manufacturers  continue  to  design  and  erect  their  buildings 
independently  of  the  equipment  or  the  work  in  view.  So  much 
can  be  effected  by  a  proper  consideration  of  all  details  in  connec- 
tion with  the  plant  before  proceeding  with  any  work,  that  we 
will  take  this  problem  up  more  fully  later  on. 

Equally  one-sided  conditions  are  encountered  in  the  establish- 
ment that  is  in  operation,  a  most  efficient  sales  department  exist- 
ing alongside  a  shop  where  economic  production  is  out  of  the 
question  ;  and  so  examples  could  be  cited  indefinitely. 

A  further  analysis  of  any  one  department  usually  reveals  the  same 
state  of  affairs,  a  lack  of  coordination  and  thorout^hness  bein<>: 
exemplified.  The  success  of  one  plant,  as  compared  with  another 
engaged  in  the  same  line  of  work,  depends  upon  the  balance  of  the 
efficient  and  inefficient  departments,  and  just  as  Mr.  Taylor  has 
pointed  out  that  a  machine  shop  foreman  possessing  all  the  qual- 
ities required  by  that  position  can  but  rarely  be  obtained,  so  the 
majority  of  establishments  excel  in  but  a  few  of  the  branches  of 
which  their  business  is  composed. 

Needless  to  say  there  is  seldom  any  premeditated  desire  to 
develop  one  side  of  a  business  at  the  sacrifice  of  the  other,  lack  of 
appreciation  of  the  relative  importance  of  the  different  factors 
beincr  the  chief  reason  for  error  in  this  direction.  To  be  success- 
ful  in  this  work  requires  a  rare  combination  of  the  ability  to  stand 
off  and  "  size  up  "  the  problem  as  a  whole,  followed  by  a  concen- 
tration of  energy  on  the  details  which  alone  can  culminate  in  the 
anticipated  results. 

3.  It  is  for  this  reason  that  an  engineer  making  a  study  of  this 
work  caa  frequently  detect  the  weak  points  of  a  manufacturing 
plant,  the  system  of  fundamental  analysis  being  more  powerful  m 
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tlie  hands  of  one  wlio  lias  not  })een  in  close  association  with  the 
work.  We  think  the  condition  of  affairs  can  hardly  be  illustrated 
better  than  by  quoting  from  an  editorial  in  one  of  our  technical 
])apers  of  about  a  year  ago,  which  stated  that  "many  engineers 
suffer  from  using  lenses  of  too  high  power  and  too  narrow  a 
field ;  in  such  matters  the  telescope  is  sometimes  of  as  much 
value  as  the  microscope.  It  often  pays  better  to  learn  what 
others  are  doing  than  to  know  Avith  unnecessary  particularity 
what  one  is  doing  one's  self." 

While  no  two  establishments  are  alike  in  detail,  the  same  course 
of  study  should  be  pursued  in  every  instance.  A  comprehensive 
understanding  of  any  problem  can  only  result  after  a  most  ex- 
haustive study  of  the  smallest  details  into  ^vhich  it  can  be  sub- 
divided, such  investigation,  if  properly  carried  out,  invariably 
r(>sulting  in  an  insight  that  is  truly  astonishing. 

4.  We  have  found  that  the  graphical  presentation  of  complex 
]-)roblems  facilitates  greatly  a  study  of  their  various  elements,  this 
scheme  being  resorted  to  by  us  in  many  lines  of  work.  While  in 
muny  cases  only  "relations"  can  be  expressed  in  this  way,  the 
mind  can  grasp  the  problem,  as  a  whole,  so  much  more  quickly, 
the  system  is  invaluable. 

While  we  intend  to  devote  this  paper  to  the  machine  shop  in 
particular,  a  general  subdivision  of  the  departments  of  a  given 
establishment  is  given  below  (Fig.  282),  showing  the  position  oc- 
cupied by  the  machine  shop  in  the  general  scheme. 

5.  'No  one  man  Avould  attempt  to  have  sole  charge  of  all  the 
detail  work  in  all  of  the  departments  enumerated,  the  subdivision 
(if  a  business  among  a  number  of  heads  being  a  natural  course  to 
follow.  At  the  same  time  some  means  must  be  provided  for 
bi'inging  all  the  departments  in  touch  with  each  other  in  such  a 
way  that  they  will  cooperate  and  direct  all  their  efforts  to  a 
common  end  with  the  least  expenditure  of  energy.  A  lack  of 
cooperation,  in  the  full  sense  of  the  word,  between  the  principal 
subdivisions  of  a  business,  results  in  an  enormous  expenditure  of 
useless  energy  and  money  in  the  majority  of  manufacturing 
eotablishments.  All  that  may  be  said  in  this  connection,  when 
considering  the  most  general  subdivisions  of  a  business,  is  equally 
true  when  discussing  the  relations  of  the  subdivisions  of  elements 
of  each  department. 

Antagonism  between  the  sales  and  engineering  departments 
prevents  the  latter  from  embodying  changes  or  alterations  in  their 
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apparatus  Avliich  iniglit  make  it  much  more  efficient  and  suitable 
for  tlie  conditions  which  it  is  to  meet. 

The  Drafting  Koom,  through  their  ignorance  of  the  shop 
equipment,  constantly  design  apparatus  which  can  only  be 
machined  at  great  expense.  The  Pattern  Shop,  for  the  same 
reason,  could  frequently  greatly  simplify  the  work  in  the  shop  by 
helpful  construction  of  patterns  which  would  facilitate  handling, 
centering,  etc.,  and  so  examples  could  be  cited  indefinitely  illus- 
trating the  point  made  above. 

6.  When  a  shop  is  in  operation  these  conditions  can  be  met  to  the 
best  advantage  by  periodic  meetings  between  the  heads  of  the 
various  departments,  where  every  man  has  full  privilege  to  the 
floor  and  every  question  which  is  raised  is  definitely  decided  and, 
if  approved,  put  in  force  immediately.  In  this  way,  every  ques- 
tion, even  of  the  most  trivial  character,  is  brought  before  a 
number  of  men  and  its  value  quickly  determined.  I^othing  is 
more  discouraging  to  an  enthusiastic  worker  than  to  have  schemes, 
which  he  has  formulated  after  much  thought  and  experiment, 
passed  upon  as  good  but  not  put  into  operation,  the  man  who  has 
the  power  postponing  it  indefinitely  on  account  of  other  work 
which  he  may  have  in  view. 

7.  Conditions  are,  of  course,  very  different  in  different  establish- 
ments. In  the  ^'  tonnage  "  plant  one  man  may  be  able  to  take  care 
of  all  the  work,  carrying  in  his  mind  the  entire  scheme  and,  if  he 
has  exceptional  ability  in  this  particular  field,  efficient  results  are 
likely  to  follow.  When  the  work  is  complex  in  character,  how- 
ever, it  must  be  subdivided  among  a  number  of  men,  it  being 
ever  borne  in  mind  that  the  first  essential  to  success  is  thorough 
cooperation  between  the  various  departments. 

8.  Devoting  our  attention  to  the  Production  Department,  we  still 
find  the  subject  too  complex  to  consider  intelligently  without  a 
chart  giving  a  further  division  of  the  various  factors.  The  chart 
shown  in  Fig.  283  subdivides  the  Production  Department  into  the 
buildings,  equipment,  etc.,  each  of  these  details  being  further  an- 
alyzed. The  absurdity  of  spending  a  large  amount  of  time  and 
energy  on  any  one  of  these  details,  without  consideration  of  the 
others,  is  self-evident  when  presented  in  this  way. 

9.  Reference  was  made  to  the  importance  of  proper  build- 
ings in  connection  with  manufacturing  plants,  and,  for  some 
lines  of  work,  maximum  efficiency  can  only  follow  when  they 
have  been  designed  for  the  work  in  view,  the  question  being  one 
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of  shop  requirements  and  not  architecture  as  ordinarily  under- 
stood. 

Probably  nothing  has  increased  the  possibilities  of  the  machine 
shop  to  a  greater  degree  than  the  power  crane,  and  although  the 
designer  of  the  building  is  always  informed,  in  a  general  way,  as 
to  the  crane  service  that  will  be  required,  this  detail  is  not 
usually  given  nearly  sufficient  consideration.  To  properly  cover 
the  floor  space  with  power  cranes,  jib  cranes,  etc.,  requires 
a  most  careful  study  of  the  location  of  various  machines,  which, 
in  turn,  necessitates  a  thorough  understanding  of  the  work  in 
view. 

Old  systems  of  management,  as  a  rule,  take  no  adequate  account 
of  the  progress  of  the  various  pieces  of  work  through  the  shop, 
but  when  operations  are  analyzed  and  prescribed,  as  by  the  Taylor 
System,  the  route  of  each  piece  must  be  carefully  planned. 

The  customary  scheme  of  allotting  separate  sections  of  the 
side  bays  of  a  shop  to  different  classes  of  work,  such  as  Lathe 
Department,  Drill  Press  Department,  Grinding  Department,  etc., 
and  allowing  sufficient  additional  space  to  take  care  of  the  growth 
of  these  departments,  can  hardly  be  termed  good  practice. 
Money  is  tied  up  for  a  number  of  years,  which  yields  no  return ; 
and  when  the  space  is  ultimately  occupied,  further  extensions 
usually  result  in  a  most  inefficient  arrangement  of  tools. 

The  designs  of  a  number  of  the  largest  shops  which  have  been 
erected  during  the  past  few  years  consist  in  erecting  shops  with 
perpendicular  wings,  where  the  detail  work  is  done.  We  have 
but  one  plant  in  mind  where  this  scheme  has  been  carried  still 
further,  each  department  being  contained  in  a  wing  building, 
which  may  be  extended  as  the  work  demands. 

The  scheme  of  power  transmission  adopted  will  influence 
quite  appreciably  the  design  of  buildings,  the  advantage  of  using 
motors  on  individual  machines  being  frequently  justified  by  the 
reduced  first  cost  of  buildings  alone. 

10.  The  lighting  of  the  machine-shop  or  foundry  to  a  marked 
extent  influences  the  efficiency  of  the  men,  and  the  importance  of 
this  fact  is  generally  appreciated  at  this  time.  It  is  practically 
impossible  to  obtain  too  much  light,  provided  the  direct  rays  of 
the  sun  do  not  fall  on  the  work.  As  large  establishments  usually 
run  night  and  day,  a  liberal  amount  of  artificial  light  is  also 
necessary  if  the  different  shifts  are  to  turn  out  equal  amounts  of 
work.     Shops  that  are  illuminated  in  a  general  way  b}^  arclamps 
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(as  well  as  incandescent  lights  for  detail    woi'k)  sc^ldoni  complain 
of  the  inetficiency  of  the  night  sliift. 

11.  We  have  pointed  out  a  few  of  the  details  which  should 
be  borne  iti  mind  when  planning  a  new  building  for  a  given  kind 
of  work.  We  may  apj>ear  to  dwell  at  unnecessary  length  upon 
details  which  are  self-evident,  but  we  liave  so  frequently  been 
called  upon  for  advice,  after  limitations  had  already  been  imposed 
by  the  work  which  had  been  completed,  rendering  the  use  of 
various  types  of  desirable  apparatus  practically  impossible,  that 
we  do  not  hesitate  to  dwell  upon  it  here. 

12.  The  machine-tool  equipment  must  receive  the  closest  study 
of  one  familiar  with  the  latest  types  of  apparatus,  rapid  progres- 
sion in  its  development  handicapping  greatly  shops  which  were 
equipped  but  a  few  years  ago. 

13.  Reviewing,  briefly,  past  conditions  in  the  majority  of  shops 
— and  in  fact  many  of  to-day — we  cannot  fail  to  be  impressed  by 
the  slipshod  methods  in  use  on  all  hands.  Purchase  of  equip- 
ment was  left  almost  invariably  to  a  purchasing  agent  who  was 
in  no  way  conversant  with  the  requirements  of  machines  to  be 
bought,  price  being  his  only  means  of  comparison.  The  fact  that 
such  a  condition  of  affairs  was  allowed  to  exist  was  sufficient 
proof  that  those  in  charge  of  the  shop  were  scarcely  more  capa- 
ble to  judge  of  the  earning  power  of  the  apparatus  than  ho. 

Some  of  the  largest  shops  used  a  cheap  grade  of  carbon  steel 
for  cutting  tools,  instead  of  the  "  air-hardening  "  variety  which 
would  permit  of  double  the  cutting  speed,  the  reduced  first  cost 
being  their  reason  for  this  policy.  In  such  a  plant  five  thousand 
dollars  ($5,000)  invested  in  tool  steel  might  readily  effect  a  saving 
on  the  labor  bill  of  fifteen  thousand  dollars  ($15,000)  annually. 
Such  an  illustration  exemplifies  forcibly  the  absence  of  scientific 
thought  and  investigation  existing  but  a  few  years  since. 

14.  The ''type  of  equipment"  will  depend  upon  the  character 
of  the  work,  and,  as  the  province  of  the  machine  shop  is  radically 
different  for  various  lines  of  work,  there  are  no  hard-and-fast  rules 
which  may  be  followed.  The  three  examples  given  below  will 
illustrate  this  point : 

(1)  In  a  rolling  mill  plant,  for  example,  the  repair-shop  equip- 
ment is  only  used  in  case  of  break-downs,  and  in  a  number  of 
instances  we  can  recall  special  machines  which  have  been  pur- 
chased for  repairing  single  details  of  the  equipment  and  which 
have  been  used  but  a  few  days  in  several  years.     This  illustrates 
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an  extreme  case,  where  it  is  necessary  to  carry  a  heavy  invest- 
ment in  order  to  be  prepared  for  break-downs.  The  equipment  or 
management  of  such  a  shop  would  not  influence  greatly  the  cost 
of  the  product;  consequently,  when  purchasing  machines  to  meet 
these  conditions,  the  consideration  of  many  of  the  details  which 
would  prove  most  efficient,  were  the  tools  to  operate  at  all  times, 
would  not  be  desirable. 

(2)  The  work  in  a  locomotive  shop  consists  largely  in  over- 
hauling engines  at  periodic  intervals,  so  that,  under  normal  con- 
ditions, these  shops  should  operate  at  their  full  capacity.  Special 
machinery  can  be  used  for  a  great  deal  of  this  work.  In  this 
instance  the  shop  is  a  much  more  important  factor  in  the  general 
scheme,  the  periodic  repair  of  the  rolling  stock  being  a  first 
essential  in  railroad  work.  Economic  production  in  this  field 
results  when  the  locomotives  and  cars  are  detained  in  the  shop 
the  least  possible  time,  the  actual  saving  in  machinists'  wages 
being  a  small  item  as  compared  with  the  earning  power  of  the 
rolling  stock. 

(3)  On  the  other  hand,  the  equipment  and  management  of  a 
machine  shop  doing  purely  manufacturing  work  are  vital  factors 
of  the  organization,  a  slight  reduction  in  labor  cost  frequently 
resulting  in  an  enormous  increase  in  business.  This  is  particu- 
larly true  of  concerns  manufacturing  duplicate  articles  in  large 
quantities,  where  price  materially  effects  the  quantity  of  goods 
sold.  High  efficiency  usually  accompanies  duplication,  but  the 
only  way  that  a  low  first  cost  may  be  attained,  when  doing  work 
which  varies  in  character,  is  by  dictating  to  the  workmen  the 
methods  of  machining  as  described  in  connection  with  the  Taylor 
System  of  Management. 

15.  It  matters  little  whether  we  turn  our  attention  to  the  equip- 
ment or  management.  The  same  conditions  are  met,  and  such 
statements  as  would  indicate  that  superior  management  of  an 
organization  offsets  an  inefficient  equipment  should  be  accepted 
reservedly.  They  are  so  closely  related  that  a  thorough  under- 
standing of  one  is  not  possible  without  knowledge  of  the  other. 

"Why  has  shop  equipment  advanced  so  slowly  aud  why  so  much 
doubt  as  to  the  merit  of  recent  discoveries,  such  as  the  high-speed 
tool  steel  and  the  motor  drive  ?  Simply  because  shop  management 
— the  vital  force  behind  the  machine — has  been  unable  to  keep 
pace  with  the  development  of  the  apparatus,  the  lack  of  it  con- 
stantly acting  as  a  drag  on  pioneering  work  in  this  direction. 
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Uo  any  of  tlie  well-known  schemes  of  management,  as  ordinarily 
interpreted,  with  the  exception  of  the  Taylor  System,  involve  any 
understanding  as  to  the  fundamental  principles  underlying  the 
art  of  machining  ?  Individual  concerns  that  have  developed 
machines  possessing  many  refinements  over  those  made  by  com- 
petitoi^,  have  found  but  small  incentive  to  market  such  tools, 
prospective  purchasers  having  neither  the  knowledge  to  appreciate 
or  take  advantage  of  their  possibilities  in  the  shop. 

16.  The  efficiency  of  machine-shop  equipment  should  be  judged 
only  from  its  ability  to  produce  the  desired  result  at  a  minimum 
cost,  and  this,  in  turn,  is  governed  as  much  by  the  information  at 
the  disposal  of  the  operators  as  the  machines  themselves.  In  an 
extreme  case,  such  as  a  full  automatic  screw  machine,  we  might 
suppose  that  the  ability  of  the  designer  would  assure  the  success 
of  the  tool ;  but  even  in  this  case  innumerable  details  arise,  such 
as  the  grinding  and  setting  of  cutters,  the  delivery  of  stock  to  and 
from  the  machine,  etc.,  which  may  or  may  not  be  efficiently 
taken  care  of  by  the  purchaser. 

Turning  to  the  other  extreme — an  engine  lathe  doing  a  general 
class  of  work — we  find  the  workman  confronted  by  innumerable 
problems  governing  economical  production,  which  he  (and  in 
many  cases  his  superiors)  fails  to  recognize.  For  example,  the 
proper  cutting  speeds  for  different  materials  and  different  cuts; 
the  relative  advantage  of  a  heavy  cut  and  slow  speed,  or  a  light 
cut  and  fast  speed ;  and  the  capabilities  of  the  machine.  These 
are  but  a  few  of  the  details.  Such  information  can  only  be  ob- 
tained from  experimental  work  carried  on  along  scientific  hnes; 
and  as  long  as  schemes  of  management  take  no  cognizance  of  this 
data,  the  introduction  of  modern  tool  steels,  the  motor  drive,  etc., 
will  necessarily  be  slow;  consequently,  we  cannot  discuss  the 
merits  of  various  types  of  apparatus,  unless  conversant  with  the 
problems  of  organization  and  management.  The  absence  of  this 
knowledge  leads  many  engineers  to  most  erroneous  conclusions. 

17.  At  a  recent  meeting  of  the  Philadelphia  Engineers'  Club, 
Admiral  Melville  pointed  out  forcibly  the  great  need  of  experi- 
mental research  in  all  lines  of  engineering.  He  cited  the  labora- 
tory which  the  German  Government  have  instituted  at  Charlotten- 
burg  and  said  that  the  data  collected  from  experiments  conducted 
here  unquestionably  accounted  for  Germany's  undisputed  position 
as  the  foremost  designer  and  builder  of  battle-ships  and  "ocean 
greyhounds." 

"^84 
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In  certain  directions  a  great  deal  of  information  lias  been  ol)- 
tained  and  tabulated,  without  which  the  present-day  engineer 
would  make  but  slow  progress.  Since  the  exhaustive  experiments 
on  tensile  strength  of  steel  and  wrought  iron,  by  David  Kirkaldy 
in  1858,  the  most  exact  data  has  been  accumulated,  so  that  a 
structural  building  or  bridge,  for  example,  can  be  designed  for 
given  conditions  with  an  accuracy  inconceivable  a  few  years  ago. 

18.  Is  the  machine  tool  designed  wnth  this  accuracy,  or  have 
the  builders  of  such  apparatus  any  truly  intelligent  ideas  as  to  its 
capabilities?  In  the  large  majority  of  cases,  No !  When  we  look 
back  and  see  the  rich  results  invariably  following  careful  investi- 
gation and  research,  it  seems  strange,  indeed,  that  so  few  manu- 
facturers are  alive  to  their  value. 

A  better  example  of  the  above  principles  could  not  be  cited 
than  the  development  of  tool  steel — the  starting-point  for  all 
investigation  relative  to  the  machine  shop. 

19.  The  work  of  Benjamin  Huntsman,  over  160  years  ago,  who 
labored  for  years  before  producing  a  high  grade  of  crucible  steel, 
Avhicb  at  once  took  the  place  of  steel  made  by  the  "  cementing 
process,"  marked  an  epoch  in  industrial  development.  Hardly 
less  noteworthy  is  the  work  of  Heath  and  Mushet  w^ho,  by  the 
addition  of  manganese  and  tungsten,  produced  an  "  air-harden- 
ing" steel,  which  held  its  own  until  the  discovery  of  the  Taylor- 
White  process  a  few  years  ago. 

It  is  significant  to  recall  that  the  pioneering  work  has  not 
been  done  by  the  manufacturers.  Huntsman  was  a  watchmaker, 
whose  study  of  the  steel  industry  was  prompted  by  the  poor 
character  of  his  clock  springs ;  Mushet,  an  accountant  at  the 
Clyde  Iron  Works  ;  Taylor  and  White,  engineer  and  metal- 
lurgist, respectively,  in  no  way  associated  with  the  manufacture 
of  tool  steel,  but  intent  on  obtaining  a  cutting-tool  of  uniformity 
and  high  efficiency. 

20.  The  best  efforts  of  the  engineer  can  only  be  called  forth 
by  a  thorough  realization  of  the  need  and  utility  of  certain  im- 
provements. It  is  unfortunate  that  the  manufacturer,  in  many 
instances,  is  not  in  close  enough  touch  with  the  conditions  he  is 
endeavoring  to  meet  to  attain  the  best  result.  Many  of  the  build- 
ers of  electrical  apparatus  suffer  from  this  cause,  designing  and 
manufacturing  equipment  for  machine-tool  driving  which  may 
be  most  efficient  from  the  standpoint  of  the  electrical  engineer, 
but  utterly  unsuited  to  shop  requirements. 
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21.  In  contrast  to  llie  nictliods  described  above,  we  must  a^^ain 
allude  to  the  work  of  Mr.  Taylor  in  the  field  of  shop  equipment 
and  management.  His  system  of  mana<^cment  consists  primarily 
in  a  Planning  Department  which  collects  the  necessary  informa- 
tion as  to  the  exact  methods  of  doing  tlie  work  and  imparts  it  to 
the  workmen  through  the  medium  of  a  system  of  Functional 
Foremanship.  This  Planning  Department  bears  the  same  rela- 
tion to  the  shop  that  the  Draughting  lloom  does  to  the  Engineer- 
ing Department.  This  statement  conveys  no  impression  as  to  the 
vast  amount  of  detail  knowledge  Mr.  Taylor  has  accumulated  and 
which  accounts  largely  for  his  success.  His  methods  have  con- 
stantly aimed  at  uniformity  and  standardization,  the  Taylor-White 
process  being  but  one  of  many  examples  which  could  be  cited  as 
the  result  of  this  work.  Together  with  his  assistants,  he  has  ob- 
tained an  enormous  amount  of  data  relative  to  cutting  metals,which 
is  made  applicable  by  means  of  slide  rules.  The  underlying  prin- 
ciple of  all  his  work — a  high  wage  with  a  low  labor  cost — involves 
the  keenest  appreciation  of  the  labor  problem.  Not  a  single 
detail  of  shop  equipment  can  escape  the  application  of  the  Taylor 
system,  and  it  is  only  in  this  way  that  continued  high  efficiency 
of  operation  can  be  secured. 

22.  Returning  to  the  small-tool  equipment,  a  separate  paper 
could  readily  be  written  on  each  of  the  subdivisions  enumerated 
on  Fig.  283. 

The  small  attention  given  to  the  cutting-tool  in  the  vast  ma- 
jority of  shops  is  astonishing  when  we  realize  how  directly  the 
time  of  machining  is  dependent  on  the  character  of  the  steel.  We 
are  all  constantly  hearing  of  phenomenal  cutting-speeds,  etc.,  but 
it  is  the  efficienc}^  of  the  tools  in  the  tool  racks  that  is  a  gauge  of 
their  value.  If  these  tools  are  not  forged  and  ground  to  standard 
anofles  and  reo^round  bv  a  man  who  realizes  fullv  the  care  which 
must  be  exercised  in  this  work,  the  chances  are  that  the  majority  of 
them  will  be  but  scarcely  better  than  the  original  Mushet  steel. 

In  the  majority  of  shops  the  possibilities  of  the  equipment  are 
cut  in  two  by  luck  of  attention  to  the  belting  and  cutting-tools. 
Notwithstanding  the  forcible  way  Mr.  Taylor  has  frequently 
pointed  out  the  need  of  proper  care  of  belts,  few  shops  give  them 
any  consideration. 

The  "  Method  of  Accounting  for  Tools,"  "  Messenger  System  " 
and  ''  Maintenance  of  Stock  and  Standards "  are  details  which 
can  only  be  considered  in  connection  w^ith  a  given  plant. 


:\\4: 


THE  MACHINE   SHOP  TliOBLEM. 


00 


THE   MACllLNE   iSllor    VliOliLKM..  I;;!.'. 

23.  When  deciding  upon  the  type  of  machine  desinible,  it  is 
necessary  to  consider  the  question  of  "  power  application,"  but  as 
this,  in  turn,  may  depend  upon  other  considerations — such  as 
transmission,  lighting,  etc — it  is  desirable  to  apply  the  same 
scheme  of  graphical  analysis. 

Fig.  2S4  indicates  ap])i'oximately  the  number  of  courses  which 
may  be  open  for  fullilling  the  conditions  in  view.  lOither  coal, 
oil  or  gas  may  be  used,  according  to  the  location  and  size  of 
plant,  and  so  the  desirability  of  each  of  the  alternatives  following 
will  be  governed  by  special  conditions. 

24.  Probably  no  subject  has  been  open  to  more  energetic  dis- 
cussion than  that  of  the  motor-driving  of  machine  tools.  The 
mistake  man}^  authors  have  made  when  writing  on  this  topic 
is  that  while  their  experience  has  been  in  but  one  line  of  work 
they  apply  their  deductions  to  machine  shops  in  general.  A  sys- 
tem of  driving  w^hich  might  be  most  desirable  for  a  shop  manu- 
facturing a  great  variety  of  articles  would  not,  in  all  probability, 
be  suited  for  a  railroad  repair-shop. 

The  possible  advantages  resulting  from  the  use  of  individual 
motors  and  the  various  types  of  apparatus  manufactured  for  this 
work  are  graphically  shown  in  Fig.  28.5.  The  names  of  concerns 
who  have  installed  the  different  systems  are  given  to  the  right. 
During  the  past  five  years  a  discussion  of  these  systems  has  re- 
ceived a  great  deal  of  consideration  before  this  and  other  engi- 
neering bodies,  and  we  will  only  say,  in  this  connection,  that  the 
question  is  one  of  shop  requirements  rather  than  electrical  design. 
If  a  plant  covers  a  large  tract  of  land,  and  the  variable-speed 
machines  require  but  a  small  percentage  of  power,  it  might  be 
desirable  to  generate  alternating  current  for  lighting  and  constant- 
speed  motors,  using  a  motor  generator  giving  multiple-voltage 
circuits  for  the  variable-speed  tools.  Such  a  plant  would  be  using 
both  alternating  and  direct  current,  while  in  more  condensed 
plants  one  or  the  other  alone  would  have  decided  advantage ;  and 
so  it  is  with  the  numerous  systems  of  motor-driving  upon  the 
market  at  the  present  time.  There  are  conditions  where  each 
may  be  especially  suited. 

It  is  not  the  intention  of  this  paper  to  consider,  in  detail,  the 
schemes  of  motor-driving.  There  are,  however,  a  few  general 
conclusions  which  can  be  stated  which  may  prove  of  assistance 
when  considering  the  question  for  a  given  line  of  work. 

If  a  cutting  tool  is  to  work  to  its  maximum  efficiency,  the  cutting 
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speed  should  be  maintained  constant  for  a  ^nven  depth  of  cut 
and  a  given  feed  ;  consequently,  some  means  should  be  provided 
for  accelerating  the  spindle  speed  of  a  latli(5  when  the  tool  is 
working  from  a  larger  to  a  smaller  diameter,  such  as  facing  cylin- 
der heads,  etc.  A  hithe  of  this  character  may  be  truly  termed  a 
variable-speed  machine.  In  the  average  shop,  how^ever,  there  is 
very  little  opportunity  for  work  of  this  kind,  the  majority  of 
lathe  work  consisting  of  longitudinal  cuts.  If  the  lathe  operates 
on  but  one  class  of  work,  the  proper  spindle  speeds  and  feeds  can 
be  obtained,  which  should  not  be  changed  as  long  as  conditions 
remain  unaltered.  If,  on  the  other  hand,  a  great  variety  of  work 
is  handled  bv  a  lathe,  the  tool  will  constantlv  work  on  different 
diameters,  variable  speed  being  equally  as  imj)ortant  in  this  case 
as  in  the  iirst  considered,  although  a  uniform  increase,  as  the 
work  proceeds,  would  not  be  required.  Simple  as  this  classifica- 
tion may  seem,  the  electrical  engineer  repeatedly  fails  to  see  that 
a  system  of  motor  driving  that  would  be  applicable  in  one  case 
utterly  fails  in  another. 

Practicall}^  all  machine  shops  have  some  variable-speed  tools, 
and,  hei^  again,  it  is  the  province  of  the  engineer  to  determine 
the  relative  importance  of  the  various  factors.  A  manufacturer 
Avho  advertises  a  variable-speed  countershaft  or  motor  for 
machine-tool  driving  which  will  give  any  speed,  shows  liis  igno- 
rance of  shop  conditions  where  a  refinement  of  this  kind  cannot 
be  used  to  advantage.  In  fact,  after  visiting  practically  all  the 
shops  that  have  installed  multiple-voltage  equipment  offering  the 
possibilities  of  close-speed  regulation  and  ease  of  handling,  we  are 
convinced  that  the  purchasers  are  not  beginning  to  realize  an 
adequate  return  on  the  investment.  A  better  illustration  could  not 
be  found  of  the  interdependence  of  management  and  equipment. 

25.  The  two  principal  types  of  management — military  and  func- 
tional— are  of  course  capable  of  the  same  analysis  and  graphical 
presentation  as  illustrated  above. 

Fig:.  286  is  included  as  showino^  a  further  subdivision  of  the 
departments  of  Fig.  282. 

26.  While  all  the  charts  given  above  are  only  of  value  in  so  far 
as  they  present  to  the  mind  a  picture  which  can  be  readily  com- 
prehended, we  can,  at  times,  graphicalh^  distribute  costs,  etc., 
showing  the  cost  value  of  the  different  operations.  Such  a  chart 
is  illustrated  in  Fig.  287,  and  indicates  in  what  direction  econo- 
mies are  most  likely  to  be  effective. 


l.'^is 


THE   MACHINE   SHOP   ritOBLEM. 


I 


THE   MACHINE   SHOP   PROBLEM.  l..l!« 

27.  In  conclusion,  let  us  again  state  that  a  comprehensive 
undei*stan(ling  of  any  problem  can  only  result  after  an  exhaustive 
study  of  the  smallest  details  into  which  it  can  be  subdivided. 
The  success  of  modern  methods  in  the  accounting,  as  well  as  the 
productive  departments  depends  on  this. 

The  balance  of  accounts  of  the  yearly  business  will  unquestion- 
abl}''  reveal  the  profit  or  loss,  but  gives  no  idea  as  to  how  to  bet- 
ter conditions.  A  s^^stem  of  cost  keeping — which  gives  the  total 
cost  of  the  different  articles  manufactured — may  aid  greatly  in  es- 
timating, but  will  prove  of  small  value  as  a  check  on  efficient  pro- 
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duction.  A  system  of  cost  keeping  should  not  only  give  the 
present  cost,  but  indicate  how  this  figure  may  be  lowered.  To 
accomplish  this  end,  each  operation  must  be  studied  and  recorded 
and  each  pound  of  material  checked.  The  system  must  be  alive 
and  full  of  energy,  as  mere  form  is  nothing. 

28.  It  must  not  be  overlooked  that  shops  that  wish  to  be  pio- 
neers must  do  considerable  experimental  work,  which,  in  turn,  will 
result  in  the  collection  of  facts  and  data  to  be  at  the  disposal  of 
those  who  are  anxious  to  follow,  the  expense  incurred  being 
trivial  compared  with  the  advantages  resulting  therefrom.  As 
we  stated,  however,  the  concerns  that  realize  to-day  the  advan- 
tao^es  to  be  derived  from  such  manao^ement  and  oro^anization  will 
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be  benefited  and  will  also  reap  reward  in  the  next  industrial  de- 
pression. There  is  no  standard  that  is  attainable.  Shops  that 
lag  behind,  in  order  to  make  sure  that  each  move  is  thorouglily 
justified,  will  arrive  at  the  position  occupied  to-day  by  the  pio- 
neers only  to  find  that  the  latter  have  grasped  new  principles  and 
still  lead  in  economic  production. 

DISCUSSION    ' 

Mr.  F.  W.  Taylor. — I  would  call  particular  attention  to  the 
graphic  method  which  Mr.  Day  has  adopted  of  making  clear  an 
exceedingly  complicated  problem.  In  my  opinion  it  would  require 
pages  of  writing  to  describe  what  he  has  very  simply  expressed 
by  means  of  diagrams. 

Mr.  Wm.  Kent. — I  agree  with  what  Mr  Taylor  has  just  said. 
I  have  had  opportunity  to  investigate  Mr.  Day's  work,  and  I  can 
say  that  it  is  worth  the  attention  of  every  member  of  our  pro- 
fession. I  also  would  concur  in  what  Mr.  Taylor  said  about  the 
fate  which  befell  his  paper  some  eight  years  ago,  and  would 
express  my  belief  that  the  paper  he  has  brought  before  the  Society 
now  will  not  be  appreciated  to-day  as  much  as  it  deserves,  and 
neither  will  Mr.  Day's  paper  receive  the  attention  it  deserves, 
and  this  is  true  because  the  members  of  this  Society  are  too  busy 
to  read  all  the  papers  that  come  before  them.  Besides  it  is  becom- 
ing the  custom  to  specialize,  and  business  men  call  in  specialists 
like  Mr.  Taylor,  Mr.  Day  and  Mr.  Gantt  to  do  such  work  for 
them,  and  those  who  do  call  in  such  experts  are  the  men  who  in 
the  future  will  achieve  the  greatest  success. 

Mr.  Gantt. — The  problem  Mr.  Day  has  run  up  against,  that 
exceedingly  efficient  equipment  is  of  little  value  unless  you  have 
efficient  management,  is  true;  and  I  might  add  that  an  exceed- 
ingly efficient  equipment  placed  in  an  unsatisfactory  building  is 
also  a  very  serious  mistake.  The  absolute  necessity  of  having 
your  building  suit  the  equipment  and  the  management  is  equally 
important  with  having  proper  equipment  of  electrical  drives  and 
high  power  machinery. 

Mr.  John  Colder. — Referring  to  Mr.  Day's  graphical  method  of 
illustrating  certain  routine  in  respect  to  manufacturing  in  the  shop, 
I  will  say  I  think  that  is  one  of  the  most  useful  methods  which  a 
manager  can  have  before  him.  It  can  be  carried  out  in  many 
different  ways,  so  that  not  only  the  manager  can  from  time  to 
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time  rcfrosli  lils  moinorv  ns  lo  tho  diitios  of  llic  iiioii  Ly  gra])liically 
illustratini;-  to  them,  l»iil  lie  can  al>o  have  the  rcfcrenco  tliere 
belorc  his  eyes  in  \\w  event  of  new  men  coniinn'  in,  and  l»y  means 
of  that  graphie  representation,  ean  show  them  how  to  pick  np  their 
vrork  miieh  more  (]iiickly  and  put  it  throui^h.  It  also  enal)h's  one 
to  piek  out  bad  methods  and  ])reveiit  work  retrogradini^.  I  wouhl 
say,  in  eouelusion,  that  the  uK^tiiod  J\lr.  Day  has  brought  forward 
ean  be  used  generally,  broadly,  and  also  in  detail,  with  great  suc- 
cess. 1  hand  in  sam])les  of  eharts  which  I  have  drawn  uj)  and 
use  daily  in  the  practical  work  of  production.      (Fig.  '2>>><.) 

Mr.  Charles  Dat/.'^ — 1  have  endeavored  to  point  out  in  my 
paper  the  ini])ortance  of  giving  equal  consideration  to  the  numer- 
ous factors  which  together  make  np  a  complete  manufacturing 
plant. 

Reference  was  made  to  the  need  of  designing  buildings  adapted 
to  the  requirements  of  manufacture,  and  I  wish  to  dwell  on  this 
point  further.  Buildings  are  repeatedly  erected  which  act  as  a 
continual  handicap  on  economic  production,  and  unless  they  are 
designed  by  one  thoroughly  familiar  with  the  contenqdated  work, 
equi})ment,  routing,  future  developments,  etc.,  this  result  is  sure 
to  follow\ 

The  advantages  of  electrical  transmission  and  the  system  of 
motor  driving  best  suited  to  a  given  plant  are  so  interdependent 
with  the  type  of  management  and  the  character  of  output  that 
general  statements  as  to  resulting  economies  are  most  misleading. 

The  principle  of  fundamental  analysis  is  as  applicable  to  the 
study  of  shop  equipment  as  shop  management,  and  a  thorough 
study  of  details,  with  a  view  to  their  relation  to  the  problem  as  a 
whole,  is  absolutely  necessary  if  efficient  results  are  desired. 

The  value  of  the  graphical  method  of  presenting  complex  prob- 
lems has  been  fully  brought  out  in  the  discussion,  the  interesting 
charts  shown  by  Mr.  Calder  illustrating  further  the  advantages  of 
this  scheme. 


*  Author's  Closure,  under  the  Rules. 
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1    GRAPHICAL   DAILY  BALANCE  IN  MANUFACTURE. 

BY  H.   L.   GANTT,  SCHENECTADY,  N.   Y. 

(Member  of  the  Society.) 

1.  At  the  December  meeting  in  1901  the  writer  presented  apaper 
entitled  "  A  Bonus  System  of  Rewarding  Labor,"  in  which  was 
given  an  account  of  the  results  gotten  under  that  system  at  the 
works  of  the  Bethlehem  Steel  Company,  and  a  description  of  the 
method  employed. 

The  paper  dealt  particularly  with  the  method  of  setting  a  ta,sk 
and  with  the  reward  for  its  accomplishment.  It  consisted  briefly 
in  setting  as  a  task  for  a  day's  Av^ork  the  amount  that  a  good 
man  could  reasonably  be  expected  to  accomplish,  and  paying  the 
man  a  substantial  amount  in  addition  to  his  day's  wages  if  the 
whole  amount  was  done.  If  less  than  that  amount  was  done  he 
simply  got  his  day's  wages. 

The  result  of  this  system,  when  the  task  was  set  in  an  intelli- 
gent manner  and  accompanied  by  a  suitable  compensation,  w^as 
an  efficiency  of  operation  so  far  beyond  that  obtained  by  the 
ordinary  day  or  piece-work  method  that  it  attracted  a  great  deal 
of  attention. 

This  centering  of  the  attention  on  the  result  had,  however,  a 
serious  disadvantage,  for  it  withdrew  the  attention  from  the 
most  important  parts  of  the  paper — namely,  that  describing  the 
method  of  setting  the  task,  and  that  referring  to  the  method  of 
operating  the  system  by  which  an  exact  record  was  kept. 

The  method  of  setting  the  task  is  substantially  that  developed 
by  Mr.  Fred  W".  Taylor  for  setting  piece-rates,  and  was  described 
at  some  length.  His  paper  before  the  present  meeting  further 
elucidates  that  part. 

The  routine  operation  of  tlie  system,  which  involves  keeping 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  I'rans- 
actions. 
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an  exact  daily  record  of  the  work  done,  was  not,  however,  so 
clearly  explained,  and  it  is  to  that  subject  that  this  paper  is 
devoteil. 

2.  Mans  Record. — In  order  to  operate  such  a  system  we  must 
not  only  have  an  exact  record  of  wliat  each  wT)rknian  does  every 
day  in  order  to  (ind  out  whether  he  has  earned  liis  l)onus  or  n(jt, 
but  must  have  beforehand  an  exact  knowled^re  of  the  work  to  be 
done  and  how  it  is  to  be  done.  This  amounts  to  keepin<^  two 
sets  of  balances:  one,  of  what  each  workman  should  do  and  did 
do;  the  other,  of  the  amount  of  work  to  be  done  and  is  done. 
The  former,  or  man's  record,  is  concerned  with  the  payment  of 
the  bonus,  and  consists  in  an  exact  comparison  of  what  should 
be  done  as  determined  by  our  investigations,  and  w4iat  has  been 
done  as  shown  by  the  daily  reports. 

3.  Daily  Balance  of  Work. — The  latter  is  a  balance  of  work  on 
each  order,  and  should  show  at  a  glance  each  day  just  what  has 
been  done  and  what  remains  to  be  done,  in  order  to  enable  us  to 
lay  out  the  work  for  the  next  day  in  the  most  economical  man- 
ner. The  importance  of  such  a  balance  has  been  long  recog- 
nized, but  the  difficulty  of  getting  it  is  such  that  it  has  seldom 
been  attempted.  Many  concerns  get  a  weekly  or  monthly  bal- 
ance; but  in  both  of  these  cases  the  information  is  usually  ob- 
tained too  late  to  prevent  delays  in  work.  Again  the  value  of 
a  balance  is  dependent  largely  upon  its  availability;  in  other 
words,  upon  the  ease  with  which  the  desired  information  can  be 
obtained  from  it.  With  this  idea  in  mind  the  w^riter  devised 
a  combined  schedule  for  work  and  a  balance  sheet  that  is  largely 
graphical  in  its  nature.  On  it  dates  are  represented  by  posi- 
tions, and  w^hen  work  is  not  done  on  consecutive  daj's,  there  are 
no  entries  in  consecutive  positions.  This  practice  enables  the 
foreman  or  superintendent  to  see  at  a  glance  what  work  is  going 
along  properly.  Such  schedules  can  be  made  out  for  all  classes 
of  work,  and  a  description  of  one  or  two  will  amply  illustrate 
the  principle. 

4.  A  Foundry  Balance. — Fig.  289  represents  such  a  balance 
sheet  and  schedule  for  a  foundry.  At  the  heads  of  the  various 
vertical  columns  are  the  names  of  the  pieces  to  be  cast,  under  each 
is  its  pattern  number;  then,  in  order,  when  the  pattern  is  due  at 
the  foundry,  when  it  is  received,  the  number  w^anted  per  day,  and 
the  total  number  wanted.  Below,  each  column  is  divided  into 
two  columns  headed  daily  and  total.     These  are  crossed  by  hori- 
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zontal  lilies  representing  consecutive  working-  days,  on  each  of 
which  is  entered  in  the  proper  column  the  number  of  pieces 
made  that  day  and  the  total  number  made  to  that  date.  Each 
column  is  crossed  by  two  heavy  horizontal  lines,  the  upper  one 
op|)osite  the  date  at  which  the  work  should  be  begun,  and  the 
lower  one  opposite  the  date  at  which  the  work  should  be  com- 
pleted. These  lines  are  usually  red,  and  have  been  very  appro- 
priately named  danger  lines.  The  position  of  the  entries  with 
reference  to  these  danger  lines  and  the  amounts  of  those  entries 
show  to  what  extent  the  schedule  is  being  lived  up  to.  If  the 
schedule  is  being  well  followed  the  entries  are  always  in  the 
neighborhood  of  the  red  lines,  or  above  them. 

Fig.  289  represents  a  portion  of  an  actual  order  showing  how  it 
was  filled  in  the  foundry  of  the  Schenectady  works.  If  there  is 
no  graphical  check  on  the  operations  of  the  foundry,  the  work 
that  is  wanted  during  a  certain  week  may  be  spread  over  three 
or  four. 

It  is  an  extremely  difficult  matter  for  a  foreman  to  get  the 
work  done  exactly  in  the  order  it  is  wanted.  For  instance,  if 
we  are  building  two  locomotives  per  day,  each  requiring  four 
driving  boxes,  it  seems  an  extremely  difficult  thing  for  him  to 
get  every  day,  without  fail,  at  least  eight  driving  boxes.  There 
is  a  constant  tendency  when  he  is  rushed  with  w^ork  to  drop  to 
seven  or  six  with  a  corresponding  decrease  in  output  of  locomo- 
tives. This  tendency  to  give  about  what  is  wanted  rather  than 
exactly  what  is  wanted,  is  the  most  common  obstacle  to  getting 
the  full  output*  of  a  plant. 

5.  A  Daily  Balance  as  a  Permanent  Record. — This  balance 
sheet  shows  not  only  how  much  work  was  done  each  day,  but  is  a 
permanent  record  of  exactly  how  the  order  was  filled,  which  can  be 
compared  with  the  record  of  the  previous  and  subsequent  orders. 
This  is  best  illustrated  by  a  study  of  Fig.  289,  which  shows  exactly 
where  failure  to  comply  with  the  schedule  occurred.  The  letter 
P  entered  in  some  of  the  columns  shows  graphically  the  reason 
for  the  castings  being  behind.  The  pattern  was  not  received 
until  the  date  indicated.  Similar  sheets  might  show  that  it  was 
the  draftsman  and  not  the  pattern-maker  who  was  to  blame. 

6.  A  Machine  Shop  Balance  and  Pouting  Sheet. — Fig.  290  is  a 
similar  balance  sheet  for  worl?  done  in  a  machine  shop  on  a  series 
of  locomotive  frames  and  rails.  The  order  in  which  the  various 
operations  are  to  be  performed  has  been  determined,  and  the 
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consecutivo  columns  dovotiHl  to  tlic  oponitions  in  their  j)roj>cr 
order.  You  will  note  tlnit  on  this  sheet,  which  is  ;in  actnul  I'cc- 
ord  of  work,  the  consecutive  operations  were  performed  promptly, 
and  tliat  there  was  no  serious  delay. 

Fig.  201  represents  a  record  of  the  same  work  as  it  would  appear 
if  the  works  w^ere  short  of  frame-drilling-  capacity,  and  tin?  drill- 
ing of  frames  were  not  done  promptly.  If  it  is  im|)ossible  to 
make  up  the  delay  thus  caused  the  output  is  limited  ])y  it.  Such 
sheets  show  at  a  glance  where  the  delays  occur,  and  indicate 
what  must  have  our  attention  in  order  to  keep  up  the  proper  out- 
put. If  the  delay  is  always  on  the  same  operation  we  know  that 
Ave  must  either  get  more  output  from  the  machines  doing  that 
work,  or  get  more  machines.  Lines  re])resenting  when  work 
should  be  begun  and  when  it  should  be  finished  are  used  on  the 
machine  shop  sheets  as  well  as  on  the  foundry  sheet,  bat  have 
been  left  off  to  avoid  confusion. 

7.  A  Gi'ajjhical  Balance  as  a  History. — A  complete  set  of  such 
sheets  for  all  the  work  being  done  in  a  plant  gives  a  coni})lete 
schedule  and  a  daily  record  of  wdiat  is  being  done,  and  is  of  the 
greatest  |>ossible  advantage  if  an  attempt  is  to  be  made  to  im- 
prove the  conditions  or  increase  the  output  of  the  plant.  In 
fact,  if  the  improvement  in  the  pperation  of  a  plant  is  to  be 
made  in  a  scientific  manner,  exact  knowledge  of  Avhat  is  taking 
place  each  day  is  absolutely  necessary.  Without  it  money  is 
often  spent  wastefully,  and  but  a  small  proportion  of  the  desired 
results  obtained.  In  large  ])lants  run  Avithout  such  a  sj^stem  of 
balances  it  is  frequently  impossible  to  tell  just  w^hat  is  holding 
back  the  output,  and  then  the  value  of  such  a  balance  is  out  of 
all  proportion  to  the  cost  of  obtaining  it.  By  using  the  graphi- 
cal form  its  value  is  very  much  increased,  for  the  general  appeai'- 
ance  of  the  sheet  is  sufficient  to  tell  how  closely  the  schedule  is 
being  lived  up  to;  in  other  Avords,  Avhether  the  plant  is  being 
run  efficiently  or  not.  Moreover,  such  a  balance  is  a  history  of 
the  Avay  the  Avork  Avent  through  the  shop  and  is  readily  compar- 
able Avith  similar  Avork  done  previously  or  subsequently,  thus 
enabling  us  to  form  a  definite  idea  as  to  Avhether  the  plant  is 
being  run  more  or  less  efficiently.  The  balance  of  Avork  sheet 
then  gives  us  a  daily  analysis  of  hoAv  the  Avork  is  progressing, 
and  in  its  graphical  form  is  so  easily  read  that  both  foreman  and 
superintendents  find  it  of  great  value.  The  man's  record  shows 
the  efficiency  of  each  man,  and  the  two  taken  together  giA^e  us 
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the  knowledge,  in  the  clearest  way,  of  what  should  be  done  to 
increase  our  output. 

8.  Value  of  Balance  not  Dependent  upon  Method  of  Compensa- 
tion.— It  is  not  the  intention  of  this  paper  to  discuss  the  making 
of  schedules  for  doing  work,  or  instruction  cards  for  the  work- 
men to  follow,  or  indeed  the  subject  of  compensation  for  work 
done,  for  the  keeping  of  a  daily  balance  of  work  done  and  a 
record  of  the  men  doing  it  are  invaluable,  no  matter  what  the 
method  of  compensation.  In  fact,  the  w^riter  has  found  the 
man's  record  when  work  was  done  by  the  day  to  be  of  the  high- 
est value,  for  when  the  men  realize  that  not  only  their  chance 
for  increase  of  wages,  but  that  of  holding  their  positions  depends 
upon  the  amount  and  quality  of  their  work,  they  become  very 
much  more  efficient.  Add  to  this  the  fact  that  efficient  men 
paid  in  proportion  to  their  efficiency  are  invariably  better  satis- 
fied than  less  efficient,  cheaper  men,  and  we  have  an  added 
reason  for  keeping  the  man's  record.  Again  a  workman  easily 
forgets  how  many  days  he  has  been  absent,  and  how  much  poor 
work  he  has  done,  and  an  occasional  glance  at  his  record  often 
does  him  a  great  deal  of  good.  The  writer  first  kept  such  a 
record  in  the  foundry  of  the  Mid  vale  Steel  Company  thirteen 
years  ago,  and  found  it  so  valuable  that  he  has  always  done  it 
since  when  possible.  Such  record  sheets  are  so  easily  gotten  up 
and  of  so  many  kinds  that  the  writer  has  not  considered  it  nec- 
essary to  illustrate  them. 

9.  The  Graphical  Balance  and  the  Forem^am,, — E"ext  to  the  super- 
intendent the  most  overworked  people  in  the  ordinary  manufac- 
turing plant  are  the  foremen.  Their  duties  may  be  summed  up 
as  follows,  in  the  order  of  their  importance  :  to  get  their  work 
out  on  time;  to  get  it  out  economically;  to  improve  their 
methods.  Add  to  their  primary  duties  a  multitude  of  others 
depending  upon  them,  and  but  little  time  is  left  for  thought,  or 
investigation,  on  which  depends  improvement.  When  they  are 
rushed,  therefore,  improvement  is  naturally  the  first  thing  to 
suffer.  Further  pushing  causes  economy  to  be  sacrificed,  for  the 
work  must  get  out,  and  the  foreman  has  not  time  to  go  over  and 
over  his  orders  to  see  just  what  is  the  most  economical  arrange- 
ment of  his  work.  Here  is  where  the  graphical  schedule  comes 
to  his  assistance,  for  he  can  see  at  a  glance  just  what  is  behind 
or  what  should  be  done  next.  There  has  been  but  little  diffi- 
culty in  getting  foremen  to  recognize  the  value  of  such  a  bal- 
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.ince,  and  I  liiive  yot  to  Irani  of  (mr,  wlio,  liavin*;  ^ottcm  such 
a  sheet  in  full  operation,  was  willini^  to  ^ive  it  up. 

10.  Cost  of  Keephuj  Balances, — The  question  is  f  retpiently  asked 
as  to  the  cost  of  keeping  these  records  and  bahinces.  In  icply 
I  have  to  say  that  if  such  cost  were  ten  times  what  it  is,  it  would 
cut  no  figure. 

In  day  work  we  buy  a  man's  time,  and  lie  frecjuently  gives 
but  little  else.  Our  store-keeper  checks  exactly  the  materials 
we  buy,  but  nobody  knows  exactly  what  the  day  workman  has 
done  in  his  ten  hours;  although  we  know  labor  to  be  the  most 
difficult  commodity  we  have  to  buy,  we  give  it  the  least  syste- 
matic study,  and  my  effort  to  get  an  exact  record  of  what  we 
get  for  our  money  is  the  first  step  toward  purchasing  it  in  an 
intelligent  manner.  With  regard  to  the  balance  of  work,  I  can 
only  say  that  it  is  hard  to  estimate  the  cost  of  lack  of  harmony 
in  a  plant,  and  the  increase  in  efficiency  produced  by  getting 
materials  in  their  proper  order  rather  than  according  to  the 
judgment  of  the  various  foremen  is  greater  than  is  usually 
realized. 

The  fact  that,  as  far  as  the  writer's  experience  goes,  the  fore- 
men are  not  only  willing  to  use  these  graphical  sheets,  but  are 
glad  to  do  so  in  order  to  make  their  work  harmonize  with  that 
of  other  departments,  is  the  strongest  proof  of  the  value  of  the 
graphical  over  the  other  forms  of  balance. 

The  value  of  a  balance  of  some  sort  is  too  well  understood  to 
need  discussion,  and  the  only  reason  that  it  has  not  been  adopted 
is  often  the  fancied  cost  of  getting  it.  As  a  matter  of  fact,  all 
I  have  suggested  can  usually  be  gotten  by  the  ordinary  time  and 
cost  keeping  force  with  but  little  help,  and  frecjuently  without 
any.  It  is  so  closely  allied  to  the  time  and  cost  kee])ing  that 
when  all  are  done  together  by  the  best  modern  method,  the 
reduction  of  labor  in  getting  the  time  and  cost  often  more  than 
offsets  the  increase  due  to  keeping  the  mens'  records  and  the 
balance  of  work.  The  method  referred  to  is  the  time  and  pro- 
duction cai'd  system,  of  w^hich  the  following  is  a  description. 
There  are  conditions  under  w'hich  the  system  to  be  described 
here  may  be  modified;  in  fact,  it  is  not  always  found  possible 
to  introduce  it  exactly  as  described,  which,  however,  is  the  ideal 
method  of  operating  it  and  should  be  approximated  as  nearly  as 
possible.  It  was  first  introduced  substantially  in  this  form  by  Mr. 
Fred.  W.  Taylor  at  the  works  of  the  Bethlehem  Steel  Company. 
85 
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11.  Ti7Re  and  Production  Card  System. — In  its  best  develop- 
ment, a  card  is  assigned  the  day  previous  to  every  man  who  is  ex- 
pected in  at  7  a.m.  the  next  day.  Each  of  these  cards  is  stamped 
with  a  rubber  stamp  7  a.m.  and  the  date.  These  cards  are  placed  in 
a  rack,  ^vhich  has  a  properly  numbered  space  for  each  man,  who 
takes  it  from  his  own  card  and  no  other. 

Any  men  coming  in  after  7  a.m.  are  not  allowed  access  to  the 
rack,  but  must  get  their  cards  from  the  office,  where  the  cards 
are  marked  properly  by  a  time  stamp  with  the  exact  time  each 
man  comes  in. 

Without  any  dela}^  each  man  goes  directly  to  the  work  that 
has  been  assigned  to  him,  and  Avhile  his  machine  is  running,  fills 
in  on  the  card  his  name,  his  number,  the  order  number,  the 
machine  number  and  the  kind  of  work  he  is  doing.  At  the  end 
of  the  day  he  enters  on  his  card  the  number  of  pieces  that  have 
been  correctly  finished,  and  the  card  is  signed  by  the  foreman  or 
inspector,  certifying  that  all  of  the  entries  are  correct.  If  there 
have  been  errors  in  the  work  the  foreman  or  inspector  does  not 
sign  the  time  card,  but  makes  out  a  supplementary  card  stating 
the  exact  nature  of  the  errors,  etc.,  and  pins  this  card  to  the 
time  card. 

Fig.  292  represents  a  suitable  form  of  day  work  card  for  use  in 
some  of  the  machine  shops  of  the  American  Locomotive  Com- 
pany in  connection  with  this  system. 

At  the  end  of  the  day,  or  at  noon  the  men  are  allovi^ed  access 
to  the  card  racks  as  soon  as  the  whistle  has  blown,  and  each 
man  deposits  his  card  in  the  proper  pocket,  an  observer  noting 
that  a  man  deposits  one  card  only. 

Men  coming  in  after  noon  get  their  cards  in  the  same  manner 
as  in  the  morning;  the  cards  being  previously  stamped  with  the 
hour  work  begins,  and  placed  in  the  rack.  Men  who  do  not  go 
out  at  noon  do  not  need  to  change  their  cards. 

When  the  men  have  gone  out  at  the  end  of  the  day  or  at  noon, 
the  cards  in  the  rack  are  stamped  by  means  of  a  rubber  stamp 
with  the  time  the  work  ends. 

The  preferable  form  of  card  is  a  square  one  on  paper  stout 
enough  to  be  shuffled.  In  the  upper  right-hand  corner  of  the 
card  should  be  placed  the  man's  number,  the  order  number  and 
the  machine  number. 

As  there  is  room  for  one  order  number  and  one  machine  num- 
ber only  on  one  card,  the  workman  must  give  in  his  card  at  the 
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office  and  got  a  new  oiu*  whenever  he  goes  either  on  a  mtw  order 
or  another  macliine. 

12.  Tiine  o/nd  ^f(Ml^s  Record. — In  order  to  get  a  record  of  the 
man's  time  and  work  for  the  day,  all  the  cards  bearing  his  num- 
ber must  be  gotten  together.  If  tliese  do  not  give  a  total  of  the 
full  number  of  working  hours,  the  first  card  of  the  day  nmst 


Issued 
Returned, 


MACHINE 
SHOP  . 


MAN'S    NO. 
ORDER     NO. 
MACHINE    NO. 


WORKMAN'S    NAME 


NO.     PIECES 
FINISHED. 

SYMBOL. 

OPERATION    NO- 

HOURS. 

RATE. 

WAGES. 

CONTRACTOR'S    NO. 

HAVE    INSPECTED    THE    ABOVE    WORK    AND    ENTRIES 
AND    BELIEVE    THEM    TO    BE    CORRECT. 


ENTERED    IN 


PAY 
HEET 


COST   RECORD 
SHEET   SHEET 


SIGNED    BY    THE    FOREMAN 
OR      HIS     REPRESENTATIVE- 


A.  L.  CO. 


enter  one  item  only  on  a  card. 

Fig.  292. 


show  that  he  Avas  late,  or  there  must  be  a  pass  stating  what 
time  he  went  out.  These  passes  should  be  of  the  same  size  as 
the  cards,  and  be  put  in  with  the  time  cards  and  sorted  out  by 
the  man's  number,  so  that  when  the  clerk  begins  to  enter  the 
time  and  record  he  will  have  all  the  information  at  hand.  The 
men's  record  may  serve  as  a  pay  sheet,  thus  involving  only  one 
set  of  entries.  When  the  time  is  entered  up,  the  clerk  doing  it 
enters  his  initial  in  the  lower  left-hand  corner  in  the  space 
marked  "pay  sheet." 

13,   Cost, — To  get  the  cost  on  an  order  the  cards  are  then  sorted 
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by  "  order  number,"  and  wben  the  clerk  begins  to  enter  up  the 
time  or  wages  against  any  order,  he  should  have  before  him  all 
the  cards  representing  work  on  that  order.  He  is  thus  enabled 
to  make  the  final  entry  directly  from  the  cards,  thus  doing  the 
work  with  a  minimum  of  clerical  labor.  The  clerk  enters  his 
initial  in  the  space  designated  for  such  entry  on  ''  cost  sheet." 

14.  Progress  or  Production.— Ho  get  a  record  of  the  work  on  any 
order,  the  cards  which  have  been  sorted  by  order  numl)er  are 
further  sorted  by  name  of  part  and  operation.  AVe  thus  get 
together  the  cards  showing  on  an  order  the  number  of  pieces  on 
which  a  certain  operation  has  been  finished  that  day.  These 
are  added  uj)  and  entered  directly  on  the  Production  or  Progress 
sheet.  By  this  method  we  can  keep  an  intelligible  record  of  all 
the  Avork  done  with  a  minimum  of  clerical  labor. 

15.  Difficulty  of  Getting  a  Daily  Balance. — It  is  not  necessary 
for  the  purpose  I  have  in  mind  to  dwell  further  on  the  details,  my 
object  being  only  to  show  that  the  difficulty  of  getting  this  daily 
record  of  our  men  and  a  balance  of  work  done  is  not  so  great  as 
to  be  prohibitory.  In  other  words,  it  is  an  entirely  feasible 
thing  to  know  exactly  all  that  has  heen  done  in  a  large  plant  one 
day  before  noon  of  the  next,  and  to  get  a  comjylete  balance  of  work 
in  order  to  lay  out  that  afternoon  in  a.  logical  manner  the  work 
for  the  next  day. 

16.  Value  of  such  a  Balance. — The  value  of  such  a  balance  con- 
sists in  the  fact  that  it  makes  clear  details  that  no  observer,  however 
keen  he  may  be,  can  see  by  inspection.  It  shows  us  what  work 
is  behind  and  how  much,  and  enables  us  to  trace  to  its  source 
the  cause  of  any  delay.  The  superintendent  sees  at  a  glance 
what  he  never  could  find  out  by  observation  or  by  asking  ques- 
tions. It  shows  him  how  efficientlj^  a  plant  is  being  run  and 
where  the  defects  in  operation  are.  In  connection  with  the 
man's  record,  it  is  the  most  complete  analysis  we  can  make  of 
the  working  of  a  plant,  and  the  one  that  will  help  us  most 
quickly  to  bring  into  their  proper  channels  things  that  have 
been  going  haphazard.  Such  an  analysis  is  far  more  important 
than  an  improved  tool  steel  or  a  new  set  of  piece-rates.  It 
should  be  established  before  the  introduction  of  either  of  these 
in  order  that  we  may  have  some  means  of  measuring  the  gain 
made  by  their  introduction,  and  it  should  remain  after  they  are 
introduced  to  show  that  a  forward  step  once  taken  is  never 
retraced. 
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17.  ArcoffNti/Hj  and  Ojx  ratiiKj. — In  conclusion  the  writer 
wishes  to  say  that  it  is  liis  opinion  that  we  can  do  nothin^^  in  a 
manufacturing  phint  that  will  go  so  far  towjird  increasing  the 
output  or  the  economy  of  operation  as  obtaining  this  exact 
knowledge  of  what  is  being  done.  The  cost  of  getting  it  is 
almost  nothing,  and  the  methods  of  operation  need  not  be  dis- 
turbed in  the  least  until  an  accunmlation  of  knowledge  points 
out  the  best  course  to  pursue. 

By  the  adoption  of  the  methods  outlined  the  accounting  de- 
partment ceases  to  be  simply  a  critic  of  the  manufacturing,  and 
becomes  an  active  assistant  to  every  foreman  and  to  the  su[)er- 
intendent.  In  other  words,  the  accounts  cease  to  be  simply 
records  of  production,  and  become  potent  factors  in  helping  the 
producing  departments. 

18.  The  Bonus  System  a  Foi^i  of  Profit  Sharlmj.  —  Having 
established  these  combined  order,  schedule,  and  production 
sheets,  the  next  step  is  to  pay  a  homis  to  the  head  of  each  shop 
based  on  the  extent  to  which  he  adheres  to  the  schedule  as  laid 
out.  These  sheets  thus  do  for  the  foreman  what  the  Instrurtlon 
Card  does  for  the  individual,  and  the  final  result  of  the  system 
is  harmonious  working  and  a  high  degree  of  efficiency,  a  portion 
of  the  profits  of  which  goes  directly  to  the  individual  in  propor- 
tion as  his  efforts  tend  to  maintain  that  efficiency.  Carried  out 
to  its  logical  end,  therefore,  the  Bonus  System  as  described  in 
my  previous  paper  becomes  practically  one  of  profit  sharing^  in 
which  each  man  gets  his  portion  of  the  profits  as  soon  as  he 
earns  it. 

In  this  ])aper  I  have  confined  myself  as  nearly  as  possible  to 
general  princi})les,  using  specific  cases  simply  as  illustrations. 
These  principles  are  capable  of  further  development  and  may  be 
worked  out  in  detail  to  suit  the  needs  of  many  forms  of  manu- 
facture. 

DISCUSSION. 

Mr.  John  C aider. — The  method  brought  out  by  Mr.  Gantt  in  his 
paper,  of  bringing  before  the  superintendents  of  various  depart- 
ments the  work  of  each  day,  is  a  method  which -in  our  establish- 
ment we  call  the  ''  Pie  Plate  Svstem."  It  consists  of  havinof  a 
series  of  racks  divided  off  much  as  they  are  in  one  of  the  racks 
where  pies  are  displayed  in  a  bakery.  When  an  order  comes  into 
that  department  it  is  put  in  one  of  these  shelves.     Then  it  goes 
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from  there  lo  llic  crc^dit  clerk,  and  when  he  disposes  of  it  h(;  puts 
it  in  the  next  coni])artnient.  Then  it  goes  to  the  clerk  whose 
business  it  is  to  look  over  the  papers  to  see  whether  they  are  in- 
proper  slia])e  to  be  written  out,  and  he  transfers  it  to  a  third  com- 
])artnient.  So  it  goes  on  through  until  the  work  is  completed  in 
that  department. 

The  advantage  of  this  is  that  the  manager  coming  in  the  depart- 
ment in  the  morning  can  look  at  that  pie  rack  and,  if  he  sees  an 
accumulation  of  papers  in  any  one  compartment  he  knows  there 
h  something  wrong.  At  noon  all  of  the  papers  have  to  be  returned 
to  their  proper  place.  Around  certain  of  the  compartments  there 
are  red  circles  drawn :  those  are  danger  points,  and  indicate  that 
papers  must  not  be  allowed  to  accumulate  there  under  any  cir- 
cumstances. 

That  same  system  is  carried  out  in  all  the  different  depart- 
ments, so  that  the  manager  of  the  business  in  walking  through 
the  shops  can  look  at  the  pie  plate  boxes  and  judge  of  the  general 
condition  of  the  work  in  that  department  at  a  glance. 

Mr.  H.  B.  Ayers. — I  have  had  this  system  in  operation  more 
than  nine  months  and  it  has  worked  exceedingly  well.  We  have 
seen  a  great  increase  in  our  output  from  its  use. 

To  show  how  this  system  has  helped  me  in  getting  out  work  I 
will  take  the  frame  job  as  an  example.  The  sheets  showed  plainly 
it  was  the  planing  of  the  shoes  and  wedges  which  were  holding 
up  the  w^ork,  and  nothing  else  in  the  manufacture  of  the  frame 
was  giving  us  any  trouble.  Consequently  I  bolstered  up  that 
operation  and  we  have  had  no  trouble  since.  The  same  thing  is 
true  in  the  foundry  department,  and  whenever  the  sheets  have 
shown  trouble  along  any  line  we  have  taken  steps  to  remedy  it.  It 
is  a  fact  that  the  output  of  our  foundry  has  been  increased  six 
hundred  per  cent,  in  a  year,  although  the  rest  of  our  shops  have 
not  shown  any  such  increase.  You  may  think  this  shows  the 
foundry  was  doing  very  poorly  before,  and  it  Avas,  but  I  want  to 
give  a  great  deal  of  credit  for  this  showing  to  Mr.  Gantt's  system. 

Mr.  F.  A.  Halsey. — This  paper  of  Mr.  Gantt's  is  a  striking  illus- 
tration of  the  manner  in  which  the  minds  of  men  in  different  parts 
of  the  country  turn  simultaneously  to  the  same  thing.  The  general 
idea  embodied  in  this  paper  has  sprung  up  in  a  good  many  shops, 
where  the  plans  which  embody  it  are  known  by  various  names, 
such  as  ^'  Follow-up  System,''  ^'  Work  in  Progress  Record,"  etc. 
These  plans  have,  in  many  cases,  no  similarity  except  in  the  results 
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ainii'd  at,  wliicli  ai-c  llic  |>hiciujL;  iK'tuic  the  forciiicn  nf  ihc  «laU'> 
wlic'ii  (lif]"(  Tent  j>i('ct's  nf  work  arc  cxjx'ctcMl  t'rdiii  tliciii,  ami,  like- 
wise, the  r(']»nrlinji-  l>ack  to  tlic  otlicc  of  tlic  fad  that  the  work 
has  Ix'cii  coiiiitlctccl  oil  tiiiic,  or  n»»t,  as  the  cast*  luav  be. 

There  can  he  ik)  douht  of  the  lii'eat  value  of  this  general  idea 
in  works  of  such  inairnitiide  that  the  keejiiii^  of  the  work  in  ])ro^- 
ress  is  1>nrdens(nne,  or  even  ini|)ossil)le,  hv  the  simple  exercise  of 
nieniorv. 

J/y.  JfcGi'0?'(je. — Mr.  (iantt  in  his  ])a])er  spoke  of  not  requirinu- 
any  further  (dei'ieal  help.  1  would  like  to  in(piire  how  he  man- 
ages that  (  Does  he  ap])oint  s})eeial  cori)s  of  clerks  for  this  ])ur- 
pose,  or  has  eacli  foreman  a  clerk  (  Then  again,  who  settles  when 
these  various  ])arts  shall  be  assembled^  In  other  words,  who  fills 
out  the  sheets  to  begin  with  ?  Then  he  also  spoke  of  a  danger 
signal — a  red  line.      I  would  like  to  ask  who  puts  that  red  line  on  ( 

Mr.  Charles  Day. — During  a  recent  investigation  of  Mr.  Gantt's 
work  I  was  impressed  most  strongly  by  the  splendid  sup])ort  he 
was  receiving  from  those  in  the  shop  with  whom  lie  came  directly 
in  contact.  It  is  usually  taken  for  granted  that  oi)po"^ition  will  be 
encountered  in  the  shop,  but  in  the  Schenectady  Locomotive 
Works  the  various  superintendents  and  foremen,  as  well  as  the 
vrorkmen,  with  whom  I  conversed,  w^ere  most  enthusiastic,  desiring 
at  once  to  indicate  how  their  work  had  been  simplified  since  the 
introduction  of  Mr.  Gantt's  methods. 

We  have  all  heard  with  interest  Mr.  Ayers'  remarks,  but  I  am 
sure  that  a  score  of  the  shop  men  avIio  have  been  associated  with 
the  work  during  the  past  year  would  testify  with  equal  force  to 
the  utility  of  tlie  work.  This,  in  my  mind,  is  the  strongest  proof 
of  the  value  of  the  graphical  daily  balance. 

Mr.  Peck. — I  have  run  across  a  number  of  mechanical  engineers 
who  have  visited  our  works  from  various  parts  of  the  country,  and 
they  seem  to  be  more  or  less — and  I  am  afraid  some  of  them  rather 
less  than  more — conversant  with  Mr.  Gantt's  system. 

In  the  working  out  of  the  system  throughout  our  shops  we  have 
found  that  it  has  a  tendency  to  show  up  weak  points,  and  that  very 
often  I  have  found  the  particular  weak  point  was  in  myself.  Several 
times  I  thought  it  would  be  a  good  idea  to  get  hot-footed  after 
somebody.  Then  I  would  trace  back  on  Mr.  Gantt's  sheets  and 
ascertain  that  I  was  the  man  that  ought  to  be  got  after  instead 
of  some  other  fellow.  At  one  time  Ave  were  studying  shop  systems 
very  carefullv,  and  I  was  on  a  committee  to  devise  some  method 
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of  following  work  through  the  shop.  Being  a  reader  of  the 
American  Machinist  and  several  other  mechanical  journals,  I 
looked  up  various  systems,  and  may  say  that  I  read  and  studied 
probably  twenty-five  different  systems  with  the  result  that  I  hon- 
estly believe  that  Mr.  Gantt's  system  is  the  simplest,  the  cheapest 
and  the  best  I  have  ever  run  across. 

Mr.  Gantt.^ — In  answer  to  Mr.  McGeorge's  question  I  may  say 
that  the  whole  schedule,  red  lines  and  all,  should  originate  in  a 
planning  department  such  as  is  advocated  by  Mr.  Taylor,  but  as 
few  plants  have  such  a  department,  it  is  usually  impossible  at  first 
to  do  this  work  as  it  should  be  done,  and  the  schedules  have  to 
be  made  out  by  those  most  available  for  the  purpose. 

Comparing  the  manufacture  of  locomotives  with  that  of  any 
other  large  machines,  a  very  casual  investigation  will  be  sufficient 
to  show  that  the  art  of  building  locomotives  is  by  far  the  most  fully 
developed,  and  that  the  harmony  between  the  different  portions 
of  a  locomotive  plant  is  much  more  perfect  than  that  in  any  other 
plant  of  the  same  size  building  large  machinery.  This  is  so 
because  locomotives  are  always  built  according  to  a  schedule, 
which  is  the  evolution  of  more  tl^n  half  a  century's  work  in  the 
same  line. 

What  time  and  evolution  have  done  for  the  building  of  the  loco- 
motive, Mr.  Taylor  does  for  the  building  of  machinery  in  general 
by  means  of  his  planning  department.  What  I  have  done  is  to 
put  in  a  graphical  form  not  only  the  schedule  for  building  the 
locomotive,  but  to  show  graphically  hoAv  that  schedule  is  carried 
out.  At  the  locomotive  works  we  made  no  attempt  to  modify  or 
criticize  the  existing  schedule,  but  simply  recorded  how  the 
schedule  Avas  lived  up  to. 

These  combined  schedules  and  records  become  a  history  of  how 
the  work  went  through  the  shop  and  will  ultimately  supply  the 
information  needed  in  modifying  the  schedules  so  as  to  get  still 
greater  harmony  between  the  different  departments  and  greater 
economy  of  manufacture. 

Where  pretty  complete  schedules  exist,  as  in  most  locomotive 
plants,  anybody  in  authority  can  see  that  they  are  made  out  in  a 
graphical  form  and  lived  up  to.  Three  examples  given  below  Avill 
show  how  this  work  can  be  started  under  these  conditions.  Even 
where  there  are  no  well  defined  schedules  there  is  always  a  certain 

*  Author's  Closure,  under  the  Rules. 
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niiKMiiit  (»r  kiidwlt  (li^c  lli;il  l;ik('s  tlu'lr  pljicc,  :iii<l  llic  (Millccliim 
ot  t\\\<  kiiowlcdiic  Mild  ilic  juiltiiiti'  oi'  it  in  a  i;rji|)lii(*al  ionii  caii 
nlwavs  he  (lone.  Siicli  scIkmIuIcs  arc  necessarily  iiii|H'rfcct  at 
first,  hut  arc  fai*  Itcttci*  than  iiotliiiia",  and,  if  llic  rec(>r<ls  arc 
})r(»i)crly  kept,  may  he  rapidly  ini|>i-(»vc(l,  csjK'cially  if"  a  |»laiinin«i' 
or  ])r()diicti()n  department  is  organized  to  devcdo]>  them  as  rapidly 
as  ])ossil)lo. 

The  throe  oxaniphs  referr(Ml  to  al)Ove  are  as  f oHows : 

At  th(^  Manchester  Works  of  the  American  Locomotive  Com- 
pany, ^Ir.  Ayres,  the  snj^erintendeiit,  gave  his  ])ersonal  attention 
to  having  them  started  in  the  fonndry.  lie  has  tohl  yon  his 
resnlts. 

At  the  Schenectady  Works  Mr.  Peck,  foreman  of  nnnd)cr  one 
machine  shop,  personally  looked  after  their  introdnction  in  his 
shop.     He  has  told  you  of  his  work. 

At  the  Brooks  Works  Mr.  Eeid,  the  assistant  superintendent 
started  them  in  the  foundry.  He  is  not  here,  so  I  shall  tell  you  of 
his  results,  lie  personally  put  the  red  lines  on  to  start  witli,  and 
had  the  sheets  sent  to  his  office  every  morning  at  ten  o'clock  with 
the  previous  day's  work  written  up  to  see  how  the  schedule  was 
being  lived  up  to.  They  were  sent  back  with  his  written  com- 
ments to  the  foreman  in  time  for  him  to  arrange  his  work  for  tlie 
next  day.  The  result  of  this  was  a  prompt  improvement  in  the 
output  of  the  foundry.  The  best  illustration  I  can  give  you  of 
his  success  is  to  show  you  these  order  sheets  for  thirty-iive  loco- 
motives mied  by  that  foundry  about  eight  months  after  tlie  system 
was  started.  (Here  Avere  shown  )^e\^eral  actual  schedule  sLieets  of 
this  order  with  the  red  lines  and  entries  exactly  as  kept  in  the 
foundry  office  as  reproduced  in  Figs.  289,  290  and  291. 

If  you  can  see  the  red  lines  and  the  entries,  you  can  see  how 
the  schedule  was  lived  up  to.  Suffice  it  to  say  that  out  of  a  total 
of  over  nine  thousand  castings,  none  Avere  more  than  five  da^'s 
behind  schedule  time,  and  only  two,  Avhich  Avere  replacements, 
more  than  four  days.  This  is  a  record  that  any  foundry  might 
be  proud  of.  Don't  imagine,  liowever,  that  the  system  alone  dici 
it.  The  system  simply  supplied  the  means  by  Avhich  it  could  be 
done,  and  the  man  trained  to  use  the  system  and  to  know  its  value 
got  the  results.  The  fact  that  a  man  capable  of  using  the  system 
must  be  found  or  developed  is  one  reason  why  it  takes  so  long  tc 
get  it  properly  started. 

There  is  one  other  thing  which  I  did  not  quite  get  to  in  present- 
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iiic^  my  ])n]K'r — tlic  difficulty  of  p^ctting  tliis  daily  balance :  ''  It  is 
not  ncccvssary  for  tlio  ])ni'])<)S(!  1  have  in  mind  to  dwell  fnrtli(M'  on 
the  details,  my  object  being  only  to  show  that  the  difficulty  of 
getting  this  daily  record  of  our  men  and  the  balance  of  work  done 
is  not  so  great  as  to  be  prohibitory."  ^f  '^^  ^^^^fij^l  ^^'^^^^  what  it 
does,  it  would  pay.  To  know  exactly  all  thai  was  done  in  a  large 
})lant  one  day  before  noon  of  the  next,  and  to  get  a  complete  bal- 
ance of  work  in  order  to  lay  out  that  afternoon  in  a  logical  manner 
the  work  for  the  next  day,  enables  us  to  manage  a  large  plant  as 
inlellige7itly  as  a  small  one. 

The  value  of  such  a  balance  consists  in  the  fact  that  it  makes 
clear  details  which  no  observer  can  see  by  inspection.  It  shows 
what  work  is  behind,  and  hoAV  much,  and  enables  us  to  trace  to  its 
source  any  cause  of  the  delay.  The  superintendent  sees  at  a 
glance  what  he  never  could  find  out  by  observation  or  bv  asking 
questions.  In  connection  with  a  man's  record  it  is  the  most  com- 
plete analysis  we  can  make  of  the  working  of  a  plant,  and  the 
one  which  will  help  us  most  to  bring  into  their  proper  channels 
things  that  have  been  going  haphazard. 

In  conclusion  I  have  to  say  it  is  my  opinion  that  we  can  do 
nothing  in  a  manufacturing  ])lant  Avhich  will  go  so  far  towards 
increasing  the  output  and  the  economy  of  operation  as  obtaining 
this  exact  knowledge  of  what  is  being  done.  By  the  adoption  of 
the  method  which  I  have  outlined  the  accounting  department 
ceases  to  be  simply  a  critic  of  the  manufacturing  and  becomes  an 
active  assistant  to  every  foreman  and  to  the  superintendent. 


siioi*   MAN  Ad i: mi: NT.  13.'> 


n 


Xo.  100JJ.* 

SHOP  MANAGEMENT,] 

BY    FRED.    W.    TAYLOK,   IMIILAnELIMIIA. 

(Member  of  the  Society.) 

The  following  is  an  index  to  the  subjects  treated  in  this  paper : 

PARAORAI'II 
NUMBER. 

The  writer's  chief  object  in  writin<];  this  paper  is  to  advocate  the  accurate 
stud}^  of  "how  loiiji;  it  takes  to  do  work,"  or  Scientific  Time  Study  as 
the  foundation  of  the  best  mana2;ement, 

92,  93,  133,  135,  140,  260,  261,  325,  331,  391,  393 
The  other  important  object  in  writing:;  this  paper  is  advocatinfj;  the  coup- 
linji;  of  high  wages  for  the  workman  witli  low  h\bor  cost  for  tlie  em- 
ployer   21 

The  unevenness  of  management 2,  3 

Lack  of  apparent  relation  between  good  shop  management  and  the  pay- 
ment of  dividend 2-7 

What  is  the  best  index  to  good  shop  management 13,  20,  41 

Why  it  is  possible  to  pay  high  wages  and  still  have  a  low  labor  cost 26 

Great  difference  between  first-class  and  average  men 26 

Chief  obstacles  in  the  way  of  attaining  high  wages  and  low  labor  cost. .  .  44 

The  Evils  of  ''Soldiering." 

Causes  for  Soldiering.      Paying  all  men  in  a  class  uniform  wages 49 

The  chief  cause  is  to  prevent  their  employers  from  knowing  how  fast  work 

can  be  done 57 

Partial  remedies  for  soldiering 64 

The  best  type  of  day  work 63 

Contract  work 64 

Towne  Halsey  plan 78 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Societ}'  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Transactions. 

t  For  further  discussion  on  this  topic  consult  Transactions  as  follows: 
Xo.  909,  vol.  xxii.,  p.  1040:    "Drawing  Room  and  Shop  System."     F.  O.  Ball. 
No.  928,  vol.  xxiii.,  p.  341 :  "Bonus  System  for  Rewarding  Labor."    H.  L.  Gantt. 
No.  965,  vol.  xxiv.,  p.  250:    "Gift  Proposition  for  Paying  Workmen."     Frank 

Richards. 
No.  341,  vol.  x.,  p.  600:    "Gain  Sharing."     Henry  R.  Towne. 
No.  449,  vol.  xii.,  p.  755:   "Premium  Plan  of  Paying  for  Labor."     F,  A.  Halsey. 
No.  647,  vol.  xvi.,  p.  856:    "Piece  Rate  System."     F.  W.  Taylor. 
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The  only  true  remedy  for  soldierinjj; 92,  93,  133-135 

Accurate  time  study 140 

Comparison  of  the  ordinary  methods  of  shop  management  with  manage- 
ment founded  on  accurate  time  study  as  a  foundation 135 

Contract  work 66 

Cooperation  not  successful 73 

Towne  Halsey  plan 78 

The  great  objection  to  all  of  the  ordinary  systems,  including  the  Towne 
Halsey  plan.     Lack  of  knowledge  as  to  how  quick  work  can  be  done. 

84,  92,  93 

Accurate  Scientific  Time  Study. 

Advantages  to  be  derived  from  it.     Leading  object  in  writing  this  paper. 

Illustrations  of  what  has  been  accomplished  by  it.     Yard  labor  in 

Bethlehem  Steel  Co 93,  95,  133 

The  only  true  remedy  for  soldiering 92,  93,  133-135,  140 

Should  be  one  of  the  functions  or  divisions  of  the  planning  department.  .  260 

For  the  work  to  be  done  by  machine  tools  resulted  in  making  slide  rules 

for  indicating  the  best  speed  and  feed 261 ,  393 

Details  of  Scientific  Time  Study .         325 

Best  methods  and  implements 331 

Mr.  Gantt's  system  of  Task  Work  with  a  Bonus 168,  170,  171 

Differential  Rate  System  of  piece  work 162, 168,  170,  171, 178 

The  reason  for  many  failures  that  are  made  when  changes  in  organization 

are  undertaken 141 

Facts  that  should  be  carefully  considered  by  the  managers  of  a  company 

before  making  any  changes  in  organization 142-290 

Importance  of  having  the  best  type  of  organization 146 

The  writer  has  never  been  opposed  by  a  strike 158-410 


The  Task  Idea  in  Management. 

The  leading  object  in  management,  namely  high  wages  and  a  low  labor 
cost,  can  best  be  attained  by  including  the  idea  of  a  "daily  task" 
throughout  the  field  of  management 149-152 

Advantages  of  the  task  idea  in  management 159 

The  task  idea  can  be  successfully  applied  under  day  work,  piece  work. 
Task  Work  with  a  Bonus  or  the  Differential  Rate  System  of  Piece 
Work.  Each  of  these  systems  has  its  especial  field  and  they  should 
all  be  used.  In  no  case,  however,  without  accurate  time  study  as  a 
foundation 162-177 

The  particular  case  in  which  each  system  should  be  used.     Day  work...  164 

Piece  work 166-170 

Differential  rate  piece  work     168-171 

Mr.  Gantt's  system.    Task  Work  with  a  Bonus.    Desirability  of  making 

the  task  as  short  as  possible • 171,  188,  201 
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Illiisthations    ok    the    Phactkal    Hnsn/rs    Attainkd    Tuitoiciii     riii; 

AlM'LU'ATlON    OF   THE    TaSK    IdEA    IN    MANAGEMENT. 

I'AKAIiKAI'ii 
MMHMl. 

ITnder  day  work  in  the  works  of  the  Providence  Serew  Co Kio 

Under  straii:;ht  piece  work  in  handhnf:;  tlio  yard  hihor  in  the  works  of  the 

liothloheni  Steel  Co Of) 

Piece  work  in  inspectinjj;  bicycle  balls  in  the  works  of  the  Simonds  Rolling; 

Machine  Co.,  at  Fitchhiiri;,  Mass 1!>.') 

Differential  rate  piece  work,  Midvale  Steel  Co.,  Philadelphia ISO,  l*j  \ 

Differential  rate  piece  work,  Simonds  Rolling  Machine  Co 201 

Standards. 

Necessity  for  and  economy  resulting  from  the  adoption  of  standards . .  .         2S4 
The  task  idea  cannot  be  successfully  applied  witliout  the  adoption  of 

standard  details 1 09 

One  of  tlie  functions  of  the  planning  department  should  be  the  system- 
atic maintenance  of  standards 269,  298 

Planning  Department. 

The  adoption  of  the  task  idea  in   management   involves  (at  least  in  the 
case  of  an  establishment  doing  intricate  work)  the  abandonment  of 
individual  or  personal  management  and  the  substitution  of  a  plan- 
ning department  to  do  all  of  the  detail  of  the  work  of  management.  154,  257 
Planning  department  does  not  involve  additional  work  and   expense; 

merely  concentrates  the  planning  and  brain  work  in  one  place 155,  279 

Analogy  between  the  methods  of  modern  engineering  and  those  of  mod- 
ern management 150 

Advantages  of  planning  department  and  functional  foremanship 318 

The  functions  to  be  performed  in  the  planning  department 233,  250 

Bethlehem  Steel  Co.  yard  labor — results  attained  through  accurate  time 

study 95 

Desirability  of  individual  piece  work  as  against  gang  work 118 

Different  types  of  organization  required  according  to  the  nature  of  the 

business 211 

Reasons  why  under  the  usual,  or  what  may  be  called  the  military  type  of 

organization,  it  is  almost  impossible  to  get  good  foremen 214 

General  analysis  of  the  duties  and  qualities  demanded  of  a  good  foreman .  .210,  222 
Functional  management  should  be  substituted  for  the  military  type ....  233 

Functional  management  defined 234 

Four  kinds  of  functional  foremen  should  directly  help  the  men  in  their 
work  in  the  shop — Gang  Boss,  Speed  Boss,  Inspector,  Repair  Boss — 

outline  of  their  duties 235 

Four  functional  foremen  should  give  them  their  directions  from  the  plan- 
ning department;   with  outline  of  their  duties 240 

Cost  of  production  when  complicated  work  is  done  is  lowered  by  sepa- 
rating the  work  of  planning  and  the  brain  work  as  much  as  possible 

from  the  manual  work 280 

Practical  illustrations  of  this  on  a  large  scale 281 

"Exceptiom"  principle  in  management.     The  importance  of  it 288 
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Each  workman  should  daily  write  certain  information  needed  by  planning 

department.     How  to  induce  them  to  do  this 289 

Instruction  cards  are  to  the  art  of  management  what  drawings  are  to  the 

science  of  engineering 242, 405 

Steps  to  be  Taken  in  ('hanging  from  Ordinary  to  the  Best  Type  of 

Management 290,  295 

Importance  of  getting  a  competent  man  to  take  entire  charge  of  any  new 

system  of  management 296 

Where  to  begin  in  making  changes  in  management 297,  313 

Object  lessons  absolutely  necessary  to  convince  workmen  of  the  desira- 
bility of  changes 294,  304 

Begin  with  foremen  and  superintendents 304,  305 

The  selection  of  men  for  leading  positions 306 

No  system  can  do  away  with  the  necessity  for  good  men 322 

The  personal  relations  which  shouM  be  maintained  between  employers  and 

their  men 410 

I^abor  unions 422, 129 

Methods  of  disciplining  the  men 439 

The  proper  relations  of  Philanthropic  and  Paternal  schemes  to  managment         452 

1.  Through  his  business  in  changing  the  methods  of  shop  man- 
agementj  the  writer  has  been  brought  into  intimate  contact  for 
several  years  with  the  organization  of  manufacturing  and  indus- 
trial establishments,  covering  a  large  variety  and  range  of  pro- 
duct, and  employing  workmen  in  many  of  the  leading  trades. 

2.  In  taking  a  broad  view  of  the  field  of  management,  the  two 
facts  which  appear  most  noteworthy  are : 

(1)  What  may  be  called  the  great  unevenness,  or  lack  of 
uniformity  shown,  even  in  our  best  run  works,  in  the  develop- 
ment of  the  several  elements,  which  together  constitute  what  is 
called  the  management. 

(2)  The  lack  of  apparent  relation  between  good  shop  manage- 
ment and  the  payment  of  dividends. 

3.  Although  the  day  of  trusts  is  here,  still  practically  each  of 
the  component  companies  of  the  trusts  was  developed  and  built  up 
largely  through  the  energies  and  especial  ability  of  some  one  or 
two  men  who  were  the  master  spirits  in  directing  its  growth.  As 
a  rule,  this  leader  rose  from  a  more  or  less  humble  position  in  one 
of  the  departments,  say  in  the  commercial  or  the  manufacturing 
department,  until  he  became  the  head  of  his  particular  section. 
Having  shown  especial  ability  in  his  line,  he  was  for  that  reason 
made  manager  of  the  whole  establishment. 
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4.  Ill  (Wiiiiiiniiiii  the  ()ri>niii/:ilinii  of  works  of  lliis  clnss,  il  will 
froqueiitly  be  found  that  the  niaiiiii^cnicnt  (»f  tlic  ])arti(Milar  dc- 
]»artinont  in  which  this  master  s])irit  has  i;ro\vii  iij),  towers  to  a 
liiii-h  ])oint  of  excellence,  his  success  lia\iiiii'  hccn  (hie  to  a  thor- 
ouiili  knowledge  of  all  of  the  smallest  rcMjuirements  of  his  section, 
obtained  through  personal  contact,  and  the  gradual  training  of 
the  men  under  him  to  their  maximum  efficiency. 

5.  The  remaining  departments,  in  wliich  this  man  has  had  hut 
little  personal  experience,  will  often  ])resent  ecpially  ^larinfjj 
examples  of  inefficiency.  And  this,  mainly  because  manapjement 
is  not  yet  lookcnl  u])on  as  an  art,  with  laws  as  exact,  and  as  clearly 
defined,  for  instance,  as  the  fundamental  principles  of  engineer- 
ing, wdiich  demand  long  and  careful  thonght  and  study,  but  rather 
as  a  question  of  men,  the  old  view^  being  that  if  you  have  the 
riHit  man  the  methods  can  be  safely  left  to  him. 

6.  The  following,  while  rather  an  extreme  case,  may  still  be 
looked  upon  as  a  fairly  typical  illustration  of  the  unevenness  of 
inanagement.  It  became  desirable  to  combine  two  rival  manu- 
factories of  chemicals.  The  great  obstacle  to  this  combination, 
how^ever,  and  one  which  for  several  years  had  proved  insurmount- 
able, was  that  the  two  men,  each  of  whom  occupied  the  position  of 
owner  and  manager  of  his  company,  thoroughly  despised  one 
another.  One  of  these  men  had  risen  to  the  top  of  his  works 
through  the  office  at  the  commercial  end,  and  the  other  had  come 
up  from  a  workman  in  the  factory.  Each  one  ^vas  sure  that  the 
other  w^as  a  fool,  if  not  worse.  When  tliey  were  finally  combined 
it  was  found  that  each  w^as  right  in  his  judgment  of  the  other  in 
a  certain  way.  A  comparison  of  their  books  showed  that  the 
manufacturer  was  producing  his  chemicals  more  than  forty  jier 
cent  cheaper  than  his  rival,  while  the  business  man  made  up  the 
difference  by  insisting  on  maintaining  the  highest  quality,  and  by 
his  superiority  in  selling,  buying,  and  the  management  of  the  com- 
mercial side  of  the  business.  A  combination  of  the  two,  however, 
finally  resulted  in  mutual  respect,  and  saving  tlie  forty  per  cent, 
formerly  lost  by  each  man. 

7.  The  second  fact  that  has  struck  the  writer  as  most  noteworthy 
is  that  there  is  no  apparent  relation  in  many,  if  not  most  cases, 
between  good  shop  management  and  the  success  or  failure  of  the 
company,  many  unsuccessful  companies  having  good  shop  man- 
agement W'hile  the  reverse  is  true  of  many  which  pay  large  divi- 
dends. 
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8.  Wo,  liowcvcr,  who  are  primarily  interested  in  the  shop,  are 
apt  to  forget  that  success,  instead  of  hinging  upon  shop  manage- 
ment depends  in  many  cases  mainly  upon  other  elements,  namely, 
— the  location  of  the  company,  its  financial  strength  and  ability, 
the  efficiency  of  its  business  and  sales  departments,  its  engineering 
ability,  the  superiority  of  its  plant  and  equipment,  or  the  protec- 
tion afforded  either  by  patents,  combination,  location  or  other  par- 
tial monopoly. 

9.  And  even  in  those  cases  in  which  the  efficiency  of  shop  man- 
agement might  play  an  important  part  it  must  be  remembered 
that  for  success  no  company  need  be  better  organized  than  its 
competitors. 

10.  The  most  severe  trial  to  which  any  system  can  be  subjected 
is  that  of  a  business  which  is  in  keen  competition  over  a  large 
territory,  and  in  which  the  labor  cost  of  praduction  forms  a  large 
element  of  the  expense,  and  it  is  in  such  establishments  that  one 
would  naturally  expect  to  find  the  best  type  of  management. 

11.  Yet  it  is  an  interesting  fact  that  in  several  of  the  largest  and 
most  important  classes  of  industries  in  this  country  shop  practice 
is  still  twenty  to  thirty  years  behind  what  might  be  called  modem 
management.  ^N^ot  only  is  no  attempt  made  by  them  to  do  tonnage 
or  piece  work,  but  the  oldest  of  old-fashioned  day  w^ork  is  still  in 
vogue  in  which  one  overworked  foreman  manages  the  men,  and 
the  workmen  are  still  herded  in  classes,  all  of  those  in  a  class 
being  paid  the  same  wages,  regardless  of  efficiency. 

12.  In  these  industries,  however,  although  they  are  keenly  com- 
petitive, the  poor  type  of  shop  management  does  not  interfere 
with  dividends,  since  they  are  in  this  respect  all  equally  bad. 

13.  It  would  appear,  therefore,  that  as  an  index  to  the  quality 
of  shop  management  the  earning  of  dividends  is  but  a  poor  guide. 

14.  Any  one  who  has  the  opportunity  and  takes  the  time  to  study 
the  subject  will  see  that  neither  good  nor  bad  management  is  con- 
fined to  any  one  system  or  type.  He  will  find  a  few  instances  of 
good  management  containing  all  of  the  elements  necessary  for 
permanent  prosperity  for  both  employers  and  men  under  ordinary 
day  work,  the  task  system,  piece  work,  contract  work,  the  pre- 
mium plan,  the  bonus  system  and  the  differential  rate ;  and  he 
will  find  a  very  much  larger  number  of  instances  of  bad  manage- 
ment under  these  systems  containing  the  elements  which  lead  to 
discord  and  ultimate  loss  and  trouble  for  both  sides. 

15.  If  neither  the  prosperity  of  the  company  nor  any  particular 
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type  or  S3'stcm  furnislios  an  index  to  proper  mnna^emont,  what 
then  is  the  tonchstone  which  indicates  good  or  bad  manaf^oiiient? 

16.  The  art  of  management  has  been  defined,  ''  As  knowing  ex- 
actly what  yon  want  men  to  do,  and  then  seeing  that  they  do  it  in 
the  best  and  cheapest  way.''  No  concise  definition  can  fnlly  (U;- 
scribe  an  art,  but  tlie  relations  between  employers  and  men  form 
without  question  the  most  important  part  of  this  art.  In  consider- 
ing tlie  subject,  therefore,  until  this  part  of  the  problem  has  been 
fully  discussed,  the  remainder  of  the  art  may  be  left  in  the  back- 
ground. 

17.  The  progress  of  many  types  of  management  is  punctuated 
by  a  series  of  disputes,  disagreements  and  compromises  between 
employers  and  men,  and  each  side  spends  more  than  a  considerable 
portion  of  its  time  thinking  and  talking  over  the  injustice  which 
it  receives  at  the  hands  of  the  other.  All  such  types  are  out 
of  the  question,  and  need  not  be  considered. 

18.  It  is  safe  to  say  that  no  system  or  scheme  of  management 
should  be  considered  which  does  not  in  the  long  run  give  satis- 
faction to  both  employer  and  employee,  wdiich  does  not  make  it 
apparent  that  their  best  interests  are  mutual,  and  which  does  not 
bring  about  such  thorough  and  hearty  co-operation  that  they  can 
pull  together  instead  of  apart.  It  cannot  be  said  that  this  con- 
dition has  as  yet  been  at  all  generally  recognized  as  the  necessary 
foundation  for  good  management.  On  the  contrary,  it  is  still 
quite  generally  regarded  as  a  fact  by  both  sides  that  in  many  of 
the  most  vital  matters  the  best  interests  of  employers  are  neces- 
sarily opposed  to  those  of  the  men.  In  fact,  the  two  elements 
Avliich  we  will  all  agree  are  most  wanted  on  the  one  hand  by  the 
men  and  on  the  other  hand  by  the  employers  are  generally  looked 
upon  as  antagonistic. 

19.  What  the  workmen  want  from  their  employers  beyond  any- 
thing else  is  high  wages,  and  what  employers  want  from  their 
workmen  most  of  all  is  a  low  labor  cost  of  manufacture. 

20.  These  two  conditions  are  not  diametrically  opposed  to  one 
another  as  would  appear  at  first  glance;  on  the  contrary,  they  can 
be  made  to  go  together  in  all  classes  of  work,  without  exception, 
and  in  the  w^riter's  judgment  the  existence  or  absence  of  these 
two  elements  forms  the  best  index  to  either  good  or  bad  manage- 
ment. 

21.  This  paper  is  written  mainly  with  the  object  of  adao- 
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THE  BEST  MANAGEMENT,  OF  POINTING  OUT  THE  GENERAL  PRINCIPLES 
WHICH  RENDER  IT  POSSIBLE  TO  MAINTAIN  THESE  CONDITIONS  EVEN 
UNDER  THE  MOST  TRYING  CIRCUMSTANCES,  AND  OF  INDICATING  THE 
VARIOUS  STEPS  WHICH  THE  WRITER  THINKS  SHOULD  BE  TAKEN  IN 
CHANGING  FROM  A  POOR  SYSTEM  TO  THE  BETTER  TYPES  OF  MAN- 
AGEMENT. 

22.  The  condition  of  high.  Avages  and  low  labor  cost  is  far  from 
being  accepted  either  by  the  average  manager  or  the  average 
worlanan  as  a  practical  working  basis.  It  is  safe  to  say  that  the 
majority  of  employers  have  a  feeling  of  satisfaction  when  their 
workmen  are  receiving  lower  wages  than  those  of  their  com- 
petitors; and  on  the  other  hand  that  very  many  workmen  would 
feel  contented  if  they  found  themselves  doing  the  same  amount 
of  work  per  day  as  other  similar  w^orkmen  do  and  get  more 
pay  for  it.  Yet  employers  and  workmen  should  alike  look  upon 
both  of  these  conditions  with  apprehension,  as  they  are  either  of 
them  sure,  in  the  long  run,  to  lead  to  trouble  and  loss  for  both 
parties. 

23.  Through  unusual  personal  influence  and  energy,  or  more 
frequently  through  especial  conditions  which  are  but  temporary, 
such  as  dull  times  when  there  is  a  surplus  of  labor,  a  superin- 
tendent may  succeed  in  getting  men  to  work  extra  hard  for  ordin- 
ary wages.  After  the  men,  hoAveverj  realize  that  this  is  the  case 
and  an  opportunity  comes  for  them  to  change  these  conditions,  in 
their  reaction  against  what  they  believe  unjust  treatment  they 
are  almost  sure  to  lean  so  far  in  the  other  direction  as  to  do 
an  equally  great  injustice  to  their  employer. 

24.  On  the  otlier  hand,  the  men  who  use  the  opportunity  offered 
by  a  scarcity  of  labor  to  exact  wages  higher  than  the  average  of 
their  class,  without  doing  more  than  the  average  work  in  return, 
are  merely  laying  up  trouble  for  themselves  in  the  long  run. 
They  grow  accustomed  to  a  high  rate  of  living  and  expenditure, 
and  when  the  inevitable  turn  comes  and  they  are  either  thrown 
out  of  employment  or  forced  to  accept  low  wages,  they  are  the 
losers  by  the  whole  transaction. 

25.  The  only  condition  which  contains  the  elements  of  stability 
and  permanent  satisfaction  is  that  in  which  both  employer  and 
employees  are  doing  as  well  or  better  than  their  competitors  are 
likely  to  do,  and  this  in  nine  cases  out  of  ten  means  high  wages 
and  low  labor  cost,  and  both  parties  should  be  equally  anxious 
for  tliese  conditions  to  prevail.     With  them  the  employer  can 
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hold  his  own  witli  liis  (•(impel ilors  ai  all  limes  and  se(;iire  sunicicnt 
work  to  keep  liis  men  busy  even  in  dull  times.  Without  them 
both  parties  may  do  well  enoui>li  in  busy  timeSj  but  l)oth  i)arties 
arc  likely  to  sulTer  when  work  beeomes  scarce. 

2G.  The  possibility  of  cou])lini>;  liiu^li  wai^vs  witli  a  low  labor  cost 
rests  mainly  upon  the  enormous  difference  betwe(!n  the  amount 
of  work  wliich  a  first-class  man  can  do  under  favorable  circum- 
stances and  the  work  wdiich  is  actually  done  by  the  average  man. 

27.  That  there  is  a  difference  between  tlie  average  and  the  first- 
class  man  is  known  to  all  employers,  but  that  the  first-class 
man  can  do  in  most  cases  from  tw^o  to  four  times  as  much  as  is 
done  on  an  average  is  known  to  but  few,  and  is  fully  realized 
only  by  those  who  have  made  a  thorough  and  scientific  study  of 
the  possibilities  of  men. 

28.  The  w-riter  has  found  this  enormous  difference  between  the 
first-class  and  average  man  to  exist  in  all  of-  the  trades  and 
branches  of  labor  wdiich  he  has  investigated,  and  this  covers  a 
large  field,  as  he,  together  wdth  several  of  his  friends,  have  been 
engaged  wdth  more  than  usual  opportunities  for  twenty  years 
past  in  carefully  and  systematically  studying  this  subject. 

20.  This  fact  is  as  little  realized  by  the  workmen  themselves  as 
by  their  employers.  The  first-class  men  know  that  they  can 
do  more  work  than  the  average,  but  they  have  rarely  made  any 
careful  study  of  the  matter.  And  the  writer  has  over  and  over 
again  found  them  utterly  incredulous  when  he  informed  them, 
after  close  observation  and  study,  how^  much  they  ^vere  able  to 
do.  In  fact,  in  most  cases  wdien  first  told  that  they  are  able  to 
do  two  or  three  times  as  much  as  they  have  done  they  take  it  as 
a  joke  and  will  not  believe  that  one  is  in  earnest. 

30.  It  must  be  distinctly  understood  that  in  referring  to  the 
possibilities  of  a  first-class  man  the  writer  does  not  mean  wdiat  he 
can  do  when  on  a  spurt  or  when  he  is  over-exerting  himself,  but 
what  a  good  man  can  keep  up  for  a  long  term  of  years  without 
injury  to  his  health,  and  become  hapi)icr  and  thrive  under. 

31.  The  second  and  equally  interesting  fact  upon  which  the  pos- 
sibility of  coupling  high  wages  with  low  labor  cost  rests,  is  that 
first-class  men  are  not  only  willing  but  glad  to  work  at  their 
maximum  speed,  providing  they  are  paid  from  30  to  100  per  cent, 
more  than  the  average  of  their  trade. 

32.  The  exact  percentage  by  wdiich  the  w^ages  must  be  increased 
in  order  to  make  them  work  to  their  maximum  is  not  a  subject  to 
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be  theorized  over,  settled  by  boards  of  directors  sitting  in  solemn 
conclave,  nor  voted  upon  by  trades  unions.  It  is  a  fact  inherent 
in  human  nature  and  has  only  been  determined  through  the  slow 
and  difficult  process  of  trial  and  error. 

33.  The  writer  has  found,  for  example,  after  making  many  mis- 
takes above  and  below  the  proper  mark,  that  to  get  the  maximum 
output  for  ordinary  shop  work  requiring  neither  especial  brains, 
very  close  application,  skill,  nor  extra  hard  work,  such,  for  in- 
stance, as  the  more  ordinary  kinds  of  routine  machine  shop  work, 
it  is' necessary  to  pay  about  30  per  cent,  more  than  the  average. 
For  ordinary  day  labor  requiring  little  brains  or  special  skill, 
but  calling  for  strength,  severe  bodily  exertion  and  fatigue,  it  is 
necessary  to  pay  from  50  per  cent,  to  60  per  cent,  above  the 
average.  For  work  requiring  especial  skill  or  brains,  coupled 
with  close  application  but  without  severe  bodily  exertion,  such 
as  the  more  difficult  and  delicate  machinist's  work,  from  70  per 
cent,  to  80  per  cent,  beyond  the  average.  And  for  work  requir- 
ing skill,  brains,  close  application,  strength  and  severe  bodily 
exertion,  such,  for  instance,  as  that  involved  in  running  a  ^vell 
run  steam  hammer  doing  miscellaneous  work,  from  80  per  cent, 
to  100  per  cent,  beyond  the  average. 

34.  There  are  plenty  of  good  men  ready  to  do  their  best  for  the 
above  percentages  of  increase,  but  if  the  endeavor  is  made  to  get 
the  right  men  to  work  at  this  maximum  for  less  than  the  above 
increase,  it  will  be  found  that  most  of  them  wall  prefer  their  old 
rate  of  speed  with  the  low^er  pay.  After  trying  the  high  speed 
piece  work  for  a  while  they  will  one  after  another  throw  up  their 
jobs  and  return  to  the  old  day  work  conditions.  Men  wall  not 
work  at  their  best  unless  assured  a  good  liberal  increase,  which 
must  be  permanent. 

35.  It  is  the  writer's  judgment,  on  the  other  hand,  that  for  their 
own  good  it  is  as  important  that  workmen  should  not  be  very 
much  over-paid,  as  it  is  that  they  should  not  be  under-paid.  If 
over-paid,  many  will  work  irregularly  and  tend  to  become  more 
or  less  shiftless,  extravagant  and  dissipated.  It  does  not  do  for 
most  men  to  get  rich  too  fast.  The  writer's  observation,  however, 
w^ould  lead  him  to  the  conclusion  that  most  men  tend  to  become 
more  instead  of  less  thrifty  when  they  receive  the  proper  increase 
for  an  extra  hard  day's  work,  as,  for  example,  the  percentages  of 
increase  referred  to  above.  They  live  rather  better,  begin  to 
save  money,  became  more  sober,  and  work  more  steadily.     And 
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this  certainly  forms  one  of  the  strongest  reasons  for  advocating 
this  type  of  nianagenicnt. 

3G.  In  referring  to  higli  wages  and  low  lal)or  cost  as  fnnda- 
niental  in  good  management,  the  writer  is  most  desirous  not  to  be 
misunderstood. 

37.  By  liigh  wages  he  means  wages  which  are  liigh  only  with 
relation  to  the  average  of  the  class  to  which  the  man  belongs  and 
which  are  paid  only  to  those  who  do  much  more  or  better  work 
than  the  average  of  their  class.  He  would  not  for  an  instant  advo- 
cate the  use  of  a  high-priced  tradesman  to  do  the  work  which  could 
be  done  by  a  trained  laborer  or  a  lower-priced  man.  No  one  would 
think  of  using  a  fine  trotter  to  draw  a  grocery  wagon  nor  a  Per- 
cheron  to  do  the  work  of  a  little  mule.  'No  more  should  a 
mechanic  be  allowed  to  do  work  for  which  a  trained  labrjrer  can 
be  used,  and  the  writer  goes  so  far  as  to  say  that  almost  any  job 
that  is  repeated  over  and  over  again,  however- great  skill  and 
dexterity  it  may  require,  providing  there  is  enough  of  it  to 
occupy  a  man  throughout  a  considerable  part  of  the  year,  should 
be  done  by  a  trained  laborer  and  not  by  a  mechanic.  A  man 
with  only  the  intelligence  of  an  average  laborer  can  be  taught  to 
do  the  most  difficult  and  delicate  work  if  it  is  repeated  enough 
times;  and  his  lower  mental  calibre  renders  him  more  fit  than  the 
mechanic  to  stand  the  monotony  of  repetition.  It  would  seem 
to  be  the  duty  of  employers,  therefore,  both  in  their  own  interest 
and  that  of  their  employees  to  see  that  each  workman  is  given 
as  far  as  possible  the  highest  class  of  work  for  which  his  brains 
and  physique  fit  him.  A  man,  however,  whose  mental  calibre 
and  education  do  not  fit  him  to  become  a  good  mechanic  (and 
that  grade  of  man  is  the  one  referred  to  as  belonging  to  the 
"  laboring  class  ''),  when  he  is  trained  to  do  some  few  especial 
jobs,  which  were  formerly  done  by  mechanics,  should  not  expect 
to  be  paid  the  wages  of  a  mechanic.  He  should  get  more  than 
the  average  laborer,  but  less  than  a  mechanic ;  thus  insuring  high 
wages  to  the  workman,  and  low  labor  cost  to  the  employer,  and 
in  this  w^av  making  it  most  apparent  to  both  that  their  interests 
are  mutual. 

38.  To  summarize,  then,  what  should  be  aimed  at  in  all  estab- 
lishments is : 

1.  That  each  workman  should  be  given  as  far  as  possible  the 
highest  grade  of  work  for  which  his  ability  and  physique  fit  him. 

2.  Each  workman  should  be  called  upon  to  turn  out  the  maxi- 
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iniiiii  work  wliicli  a  first-rate  man  of  his  class  can  do  and  thrive 
under. 

3.  Each  workman,  when  he  Avorks  at  the  best  pace  of  a  first- 
class  man,  should  be  paid  from  30  per  cent,  to  100  per  cent., 
according  to  the  nature  of  the  work  which  he  does,  beyond  the 
average  of  his  class. 

39.  And  this  means  liigli  wages  and  a  low  labor  cost.  These  con- 
ditions not  only  serve  the  best  interests  of  the  employer,  but  they 
tend  to  raise  each  workman  to  the  highest  level  which  he  is  fitted 
to  attain  by  making  him  use  his  best  faculties,  forcing  him  to 
become  and  remain  ambitious  and  energetic,  and  giving  him  suf- 
ficient pay  to  live  better  than  in  the  past. 

40.  Under  them  the  writer  has  seen  many  first-class  men  devel- 
oped who  otherwise  would  have  remained  second  or  third  class  all 
of  their  lives. 

41.  Is  not  the  presence  or  absence  of  these  conditions  the  best 
indication  that  any  system  of  management  is  either  well  or  badly 
applied  ?  And  in  considering  the  relative  merits  of  different  types 
of  management,  is  not  that  system  the  best  which  will  establish 
these  conditions  with  the  greatest  certainty,  precision  and  speed? 

42.  In  comparing  the  management  of  manufacturing  and  engi- 
neering companies  by  this  standard,  it  is  surprising  to  see  how 
far  they  fall  short.  Few  of  those  which  are  best  organized  have 
attained  even  approximately  the  maximum  output  of  first-class 
men. 

43.  Many  of  them  are  paying  much  higher  prices  per  piece  than 
are  required  to  secure  the  maximum  product;  while  owing  to  a 
bad  system,  lack  of  exact  knowledge  of  the  time  required  to  do 
w^ork,  and  mutual  suspicion  and  misunderstanding  between  em- 
ployers and  men,  the  output  per  man  is  so  small  that  the  men  re- 
ceive little  if  any  more  than  average  wages,  both  sides  being  evi- 
dently the  losers  thereby. 

44.  The  chief  causes  which  produce  this  loss  to  both  parties 
are :  First,  and  by  far  the  most  important :  The  profound  igno- 
rance of  employers  and  their  foremen  as  to  the  time  in  which 
various  kinds  of  w^ork  should  be  done  (and  this  ignorance  is  shared 
largely  by  the  workmen). 

Second:  Their  indifference  and  ignorance  as  to  the  proper 
system  to  adopt  and  the  method  of  applying  it,  and  as  to  the 
individual  character,  worth,   and  welfare,   of  their  men. 

45.  On  the  part  of  the  men  the  greatest  obstacle  to  the  attain- 
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iiient  of  this  slaiularcl  is  the  slow  pace  which  ihfy  a(h>i)i,  or  the 
loafing,  poklicring  or  marking  time,  as  it  is  called. 

46.  This  loafing  or  soldiering  proceeds  from  two  causes.  First, 
from  the  natural  instinct  and  tendency  of  men  to  take  it  easy, 
which  may  be  called  natural  soldiering.  Second,  from  more 
intricate  second  thought  and  reasoning  caused  by  their  relations 
with  other  men,  which  may  be  called  systematic  soldiering. 

47.  There  is  no  question  that  the  tendency  of  the  average  man 
(in  all  walks  of  life)  is  toward  working  at  a  slow,  easy  gait,  and 
that  it  is  only  after  a  good  deal  of  thought  and  observation  on 
his  part  or  as  a  result  of  example,  conscience,  or  external  pres- 
sure that  he  takes  a  more  rapid  pace. 

48.  There  are,  of  course,  men  of  unusual  energy,  vitality  and 
ambition  who  naturally  choose  the  fastest  gait,  set  up  their  own 
standards,  and  who  Avill  work  hard,  even  though  it  may  be  against 
their  best  interests.  But  these  few  uncommon  men  only  serve 
by  forming  a  contrast  to  emphasize  the  tendency  of  the  average. 

49.  This  common  tendency  to  ^^  take  it  easy  "  is  greatly  in- 
creased by  bringing  a  number  of  men  together  on  similar  w^ork 
and  at  a  uniform  standard  rate  of  pay  by  the  day. 

50.  Under  this  plan  the  better  men  gradually  but  surely  slow 
down  their  gait  to  that  of  the  poorest  and  least  efficient.  When  a 
naturally  energetic  man  works  for  a  few  days  beside  a  lazy  one, 
the  logic  of  the  situation  is  unanswerable.  '*  Why  should  I  work 
hard  when  that  lazy  fellow  gets  the  same  pay  that  I  do  and  does 
only  half  as  much  work  ?  " 

51.  A  careful  time  study  of  men  working  under  these  condi- 
tions willMisclose  facts  which  are  ludicrous  as  well  as  pitiable. 

52.  To  illustrate:  The  writer  has  timed  a  naturally  energetic 
workman  who,  while  going  and  coming  from  work,  would  walk  at 
a  speed  of  from  three  to  four  milss  per  hour,  and  not  infrequently 
trot  home  after  a  day's  work.  On  arriving  at  his  work  he 
would  immediately  slow  down  to  a  speed  of  about  one  mile  an 
hour.  When,  for  example,  wheeling  a  loaded  wheelbarrow,  he 
would  go  at  a  good  fast  pace  even  up  hill  in  order  to  be  as  short 
a  time  as  possible  under  load,  and  immediately  on  the  return  walk 
slow  down  to.  a  mile  an  hour,  improving  every  opportunity  for 
delay  short  of  actually  sitting  down.  In  order  to  be  sure  not  to 
do  more  than  his  lazy  neighbor,  he  would  actually  tire  himself  in 
his  effort  to  go  slow. 

53.  These  men  w^ere  working  under  a  foreman  of  good  reputa- 
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tioii  and  higlily  thought  of  by  his  employer,  who,  when  his  atten- 
tion was  called  to  this  state  of  things,  answered:  ''Well,  I  can 
keep  them  from  sitting  down  but  the  devil  can't  make  them  get 
a  move  on  while  they  are  at  work." 

54.  The  natural  laziness  of  men  is  serious,  but  by  far  the  great- 
est evil  from  which  both  workmen  and  employers  are  suffering  is 
the  systematic  soldiering  which  is  almost  universal  under  all  of 
the  ordinary  schemes  of  management  and  which  results  from  a 
careful  study  on  the  part  of  the  workmen  of  what  will  promote 
their  best  interests. 

55.  The  writer  was  much  interested  recently  in  hearing  one 
small  but  experienced  golf  caddy  boy  of  twelve  explaining  to  a 
green  caddy  who  had  show^n  special  energy  and  interest,  the  neces- 
sity of  going  slow  and  lagging  behind  his  man  when  he  came  up  to 
the  ball,  showing  him  that  since  they  were  paid  by  the  hour,  the 
faster  they  went  the  less  money  they  got,  and  finally  telling  him 
that  if  he  went  too  fast  the  other  boys  would  give  him  a  licking. 

56.  This  represents  a  type  of  systematic  soldiering  which  is  not, 
however,  very  serious,  sinre  it  is  done  wdth  the  knowledge  of  the 
employer,  who  can  quite  easily  break  it  up  if  he  wishes. 

57.  The  greater  part  of  the  systematic  soldiering,  however,  is 
done  by  the  men  with  the  deliberate  object  of  keeping  their  em- 
ployers ignorant  of  how  fast  work  can  be  done. 

58.  So  universal  is  soldiering  for  this  purpose,  that  hardly  a 
competent  workman  can  be  found  in  a  large  establishment, 
whether  he  Avorks  by  the  day  or  on  piece  work,  contract  work  or 
under  any  of  the  ordinary  systems,  who  does  not  devote  a  consider- 
able part  of  his  time  to  studying  just  how  slow  he  can  work  and 
still  convince  his  employer  that  he  is  going  at  a  good  pace. 

59.  The  causes  for  this  are,  briefly,  that  practically  all  employ- 
ers determine  upon  a  maximum  sum  which  they  feel  it  is  right  for 
each  of  their  classes  of  employees  to  earn  per  day,  whether  their 
men  work  by  the  day  or  piece. 

60.  Each  workman  soon  finds  out  about  what  this  figure  is  for 
his  particular  case,  and  he  also  realizes  that  when  his  employer  is 
convinced  that  a  man  is  capable  of  doing  more  work  than  he  has 
done,  he  w^ill  find  sooner  or  later  some  way  of  compelling  him  to 
do  it  with  little  or  no  increase  of  pay. 

61.  Employers  derive  their  knowledge  of  how  much  of  a  given 
class  of  work  can  be  done  in  a  day  from  either  their  own  experi- 
ence, which  has  frequently  grown  hazy  with  age,  from  casual  and 
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imsystt'inatic  ohsc^rvatiun  of  their  men,  or  at  \)Q>{  froiii  records 
which  are  kejtt,  showing  the  (juiekest  time  in  which  each  job  has 
been  done.  In  nianv  cases  the  employer  will  feel  almost  certain 
that  a  given  job  can  be  done  faster  than  it  has  been,  but  he  rarely 
cares  to  take  the  drastic  measures  necessary  to  force  men  to  do 
it  in  the  quickest  time,  unless  he  has  an  actual  record  proving  con- 
clusively how  fast  the  work  can  be  done. 

62.  It  evidently  becomes  for  each  man's  interest,  then,  to  see 
that  no  job  is  done  faster  than  it  has  been  in  the  past.  The 
younger  and  less  experienced  men  are  taught  this  by  their  elders, 
and  all  possible  persuasion  and  social  pressure  is  brought  to  bear 
upon  the  greedy  and  selfish  men  to  keep  them  from  making  new 
records  which  result  in  temporarily  increasing  their  wages,  while 
all  those  who  come  after  them  are  made  to  work  harder  for  the 
same  old  pay. 

63.  Under  the  best  day  work  of  the  ordinary  type,  when  accu- 
rate records  are  kept  of  the  amount  of  work  done  by  each  man  and 
of  his  efficiency,  and  when  each  man's  wages  are  raised  as  he  im- 
proves, and  those  vdio  fail  to  rise  to  a  certain  standard  are  dis- 
charged and  a  fresh  supply  of  carefully  selected  men  are  given 
work  in  their  places,  both  the  natural  loafing  and  systematic 
soldiering  can  be  largely  broken  up.  This  can  only  be  done,  how- 
ever, when  the  men  are  thoroughly  convinced  that  there  is  no 
intention  of  establishing  piece  work  even  in  the  remote  future, 
and  it  is  next  to  impossible  to  make  men  believe  this  when  the 
work  is  of  such  a  nature  that  they  believe  piece  work  to  be  practi- 
cable. In  most  cases  their  fear  of  making  a  record  which  will  be 
used  as  a  basis  for  piece  work  will  cause  them  to  soldier  as  much 
as  they  dare. 

64.  It  is,  however,  under  piece  work  that  the  art  of  systematic 
soldiering  is  thoroughly  developed;  after  a  workman  has  had  the 
price  per  piece  of  the  work  he  is  doing  lowered  two  or  three  times 
as  a  result  of  his  having  worked  harder  and  increased  his  output, 
he  is  likely  to  entirely  lose  sight  of  his  employer's  side  of  the  case 
and  become  imbued  with  a  grim  determination  to  have  no  more 
cuts  if  soldiering  can  prevent  it.  Unfortunately  for  the  char- 
acter of  the  workman,  soldiering  involves  a  deliberate  attempt  to 
mislead  and  deceive  his  employer,  and  thus  upright  and  straight- 
forward workmen  are  compelled  to  become  more  or  less  hypo- 
critical. The  employer  is  socn  looked  upon  as  an  antagonist,  if 
not  an  enemy,   and  the  mutual  confidence  which  should   exist 
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between  a  leader  and  his  men,  the  enthusiasm,  the  feeling  that 
they  are  all  Avorking  for  the  same  end  and  will  share  in  the 
results,  is  entirely  lacking. 

65.  The  feeling  of  antagonism  under  the  ordinary  piece  work 
system  becomes  in  many  cases  so  marked  on  the  part  of  the  men, 
that  any  proposition  made  by  their  employers,  however  reasonable, 
is  looked  upon  with  suspicion,  and  soldiering  becomes  such  a  fixed 
habit  that  men  will  frequently  take  pains  to  restrict  the  product 
of  machines  which  they  are  running  when  even  a  large  increase 
in  output  would  involve  no  more  work  on  their  part. 

6Q.  On  work  which  is  repeated  over  and  over  again  and  the  vol- 
ume of  which  is  sufficient  to  permit  it,  the  plan  of  making  a  con- 
tract with  a  competent  workman  to  do  a  certain  class  of  work  and 
allowing  him  to  employ  his  own  men  subject  to  strict  limitations, 
is  successful. 

67.  As  a  rule,  the  fewer  the  men  employed  by  the  contractor 
and  the  smaller  the  variety  of  the  work,  the  greater  will  be  the 
success  under  the  contract  system,  the  reason  for  this  being  that 
the  contractor,  under  the  spur  of  financial  necessity,  makes  person- 
ally so  close  a  study  of  the  quickest  time  in  which  the  work  can 
be  done,  that  soldiering  on  the  part  of  his  men  becomes  difficult 
and  the  best  of  them  teach  laborers  or  lower-priced  helpers  to  do 
the  work  formerly  done  by  mechanics. 

68.  The  objections  to  the  contract  system  are  that  the  machine 
tools  used  by  the  contractor  are  apt  to  deteriorate  rapidly,  his 
chief  interest  being  to  get  a  large  output,  whether  the  tools  are 
properly  cared  for  or  not,  and  that  through  the  ignorance  and 
inexperience  of  the  contractor  in  handling  men,  his  employees 
are  frequently  unjustly  treated. 

69.  These  disadvantages  are,  however,  more  than  counterbal- 
anced by  the  comparative  absence  of  soldiering  on  the  part  of  the 
men. 

70.  The  greatest  objection  to  this  system  is  the  soldiering  which 
the  contractor  himself  does  in  many  cases,  so  as  to  secure  a  good 
price  for  his  next  contract. 

71.  It  is  not  at  all  unusual  for  a  contractor  to  restrict  the  output 
of  his  own  men  and  to  refuse  to  adopt  improvements  in  machines, 
appliances,  or  methods  while  in  the  midst  of  a  contract,  knowing 
that  his  next  contract  price  will  be  lowered  in  direct  proportion 
to  the  profits  which  he  has  made  and  the  improvements  intro- 
duced. 
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72.  Uiuler  the  contract  system,  however,  tlie  rehations  between 
employers  and  men  are  much  more  agreeabU;  and  normal  than 
under  piece  work,  and  it  is  to  be  regretted  that  owing  to  the 
nature  of  the  work  done  in  most  shops  this  system  is  not  more 
generally  applicable. 

The  writer  quotes  as  follows  from  his  paper  on  "  A  Piece  Kate 
System  " : 

73.  "  Cooperation,  or  profit  sharing,  has  entered  the  mind  of 
every  student  of  the  subject  as  one  of  the  possible  and  most  at- 
tractive solutions  of  the  problem;  and  there  have  been  certain 
instances,  both  in  England  and  France,  of  at  least  a  partial  suc- 
cess of  cooperative  experiments. 

74.  So  far  as  I  know,  however,  these  trials  have  been  made 
either  in  small  towns,  remote  from  the  manufacturing  centres,  or 
in  industries  wdiich  in  many  respects  are  not  subject  to  ordinary 
manufacturing  conditions. 

75.  Cooperative  experiments  have  failed,  and,  I  think,  are 
generally  destined  to  fail,  for  several  reasons,  the  first  and  most 
important  of  which  is,  that  no  form  of  cooperation  has  yet  been 
devised  in  which  each  individual  is  allowed  free  scope  for  his  per- 
sonal ambition.  Personal  ambition  always  has  been  and  will  re- 
main a  more  powerful  incentive  to  exertion  than  a  desire  for  the 
general  welfare.  The  few  misplaced  drones,  who  do  the  loafing 
and  share  equally  in  the  profits  with  the  rest,  under  cooperation 
are  sure  to  drag  the  better  men  down  toward  their  level. 

76.  The  second  and  almost  equally  strong  reason  for  failure 
lies  in  the  remoteness  of  the  reward.  The  average  workman  (I 
don't  say  all  men)  cannot  look  forward  to  a  profit  which  is  six 
months  or  a  year  away.  The  nice  time  which  they  are  sure  to 
have  to-day,  if  they  take  things  easily,  proves  more  attractive  than 
hard  work,  with  a  possible  reward  to  be  shared  with  others  six 
months  later. 

77.  Other  and  formidable  difficulties  in  the  path  of  coop- 
eration are,  the  equitable  division  of  the  profits,  and  the  fact  that, 
while  workmen  are  always  ready  to  share  the  profits,  they  are 
neither  able  nor  willing  to  share  the  losses.  Further  than  this, 
in  many  cases,  it  is  neither  right  nor  just  that  they  should  share 
either  in  the  profits  or  the  losses,  since  these  may  be  due  in  great 
part  to  causes  entirely  beyond  their  influence  or  control,  and  to 
which  they  do  not  contribute." 

78.  Of  all  the  ordinary  systems  of  management  in  use  (in  which 


ISb-i  SHOP    MAN  AG  EM  KM. 

no  accunilc  scientific  study  of  the  time  problem  is  undertaken, 
and  no  ciirefuUy  measured  tasks  are  assigned  to  the  men  which 
must  be  accomplished  in  a  given  time),  the  best  is  the  plan  funda- 
mentally originated  by  Mr.  Henry  R.  Towne,  and  improved  and 
made  practical  by  Mr.  F.  A.  Halsey.  This  plan  is  described  in 
papers  read  by  Mr.  Towne  before  this  Society  in  1886,  and  by 
Mr.  Ilalsey  in  1891,  and  has  since  been  criticised  and  ably  de- 
fended in  a  series  of  articles  appearing  in  the  American  Ma- 
cldnht. 

79.  The  Towne-Halsey  plan  consists  in  recording  the  quickest 
time  in  which  a  job  has  been  done,  and  fixing  this  as  a  standard. 
If  the  workman  succeeds  in  doing  the  job  in  a  shorter  time,  he  is 
still  paid  his  same  wages  per  hour  for  the  time  he  works  on  the  job, 
and  in  addition  is  given  a  premium  for  having  worked  faster,  con- 
sisting of  from  one-quarter  to  one-half  the  difference  between  the 
wages  earned  and  the  wages  originally  paid  when  the  job  was 
done  in  standard  time.  Mr.  Halsey  recommends  the  payment  of 
one-third  of  the  difference  as  the  best  premium  for  most  cases. 
The  difference  between  this  system  and  ordinary  piece  work  is 
that  the  workman  on  piece  work  gets  the  whole  of  the  difference 
between  the  actual  time  of  a  job  and  the  standard  time,  while 
under  the  Towne-Halsey  plan  he  gets  only  a  fraction  of  this 
difference. 

80.  It  is  not  unusual  to  hear  the  Towne-Halsey  plan  referred  to 
as  practically  the  same  as  piece  work.  This  is  far  from  the 
truth,  for  while  the  difference  between  the  tw^o  does  not  appear 
to  a  casual  observer  to  be  great,  and  the  general  principles  of 
the  two  seem  to  be  the  same,  still  we  all  know  that  success  or 
failure  in  many  cases  hinges  upon  small  differences. 

81.  In  the  writer's  judgment,  the  Towne-Halsey  plan  is  a  great 
invention,  and,  like  many  other  great  inventions,  its  value  lies  in 
its  simplicity. 

82.  This  plan  has  already  been  successfully  adopted  by  a  large 
number  of  establishments,  and  has  resulted  in  giving  higher 
wages  to  many  workmen,  accompanied  by  a  lower  labor  cost  to 
the  employer,  and  at  the  same  time  materially  improving  their 
relations  by  lessening  the  feeling  of  antagonism  between  the 
two. 

83.  This  system  is  successful  because  it  diminishes  soldiering, 
and  this  rests  entirely  upon  the  fact  that  since  the  workman  only 
receives  say  one-third  of  the  increase  in  pay  that  he  would  get 
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under  corn^spondiiif!:  conditions  on  piece  work,   tliere  is  not.  the 
same  teni})tation  for  the  eni})h)yer  to  cut  j)ric('s. 

84.  After  this  system  has  been  in  operation  for  a  year  or  two,  if 
no  cuts  in  prices  have  been  ma(h%  the  tendency  of  tlie  men  to  sol- 
dier on  that  portion  of  the  work  which  is  being  done  under  the 
system  is  diminished,  although  it  does  not  entirely  cease.  On  the 
other  hand,  the  tendency  of  the  men  to  soldier  on  new  work  wliicli 
is  started,  and  on  such  portions  as  are  still  done  on  day  work,  is 
even  greater  under  the  Towne-llalsey  plan  than  under  i)iece  work. 

85.  To  illustrate  :  Workmen,  like  the  rest  of  mankind,  are  more 
strongly  influenced  by  object  lessons  than  by  theories.  The  effect 
on  men  of  such  an  object  lesson  as  the  following  wHl  be  apparent. 
Suppose  that  two  men  are  at  work  by  the  day  and  receive  the 
same  pay,  say  20  cents  per  hour;  Smart  and  Honest.  Each  of 
these  men  is  given  a  new  piece  of  work  which  could  be  done  in 
one  hour.  Smart  does  his  job  in  four  hours  (and  it  is  by  no  means 
unusual  for  men  to  soldier  to  this  extent).  Honest  does  his  in  one 
and  one-half  hours. 

86.  iSTow,  when  these  t^vo  jobs  start  on  this  basis  under  the 
Towne-Halsey  plan  and  are  ultimately  done  in  one  hour  each. 
Smart  receives  for  his  job  20  cents  per  hour  +  a  premium  of 

—  =  20  cents  =  a  total  of  Jfi  cents.      Honest  receives  for  his  job 

20  cents  per  hour  +  a  premium  of  -^  =3^  cents  =  a  total  of  23\ 

o 

cents. 

87.  Most  of  the  men  in  the  shop  will  follow  the  example  of 
Smart  rather  than  that  of  Honest  and  will  "  soldier  "  to  the  extent 
of  three  or  four  hundred  per  cent,  if  allowed  to  do  so. 

88.  The  Towne-Halsey  system  shares  w^ith  ordinary  piece  work 
then,  the  greatest  evil  of  the  latter,  namely,  that  its  very  founda- 
tion rests  upon  deceit,  and  under  both  of  these  systems  there  is 
necessarily,  as  we  have  seen,  a  great  lack  of  justice  and  equality 
in  the  starting-point  of  different  jobs. 

89.  Some  of  the  rates  will  have  resulted  from  records  obtained 
when  a  first-class  man  was  working  close  to  his  maximum  speed, 
while  others  will  be  based  on  the  performance  of  a  poor  man  at 
one-third   or  one-quarter  speed. 

90.  The  injustice  of  the  very  foundation  of  the  system  is  thus 
forced  upon  the  workman  every  day  of  his  life,  and  no  man,  how- 
ever kindly  disposed  he  may  be  toward  his  employer,  can  fail  to 
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resent  this  and  be  seriously  iniluenced  by  it  in  his  work.  These 
systems  are,  therefore,  of  necessity  slow  and  irregular  in  their 
operation  in  reducing  costs.  They  drift  gradually  toward  an  in- 
creased output,  but  under  them  the  attainment  of  the  maximum 
output  of  a  first-class  man  is  almost  impossible. 

91.  The  writer  has  seen  many  jobs  successfully  nursed  in  sev- 
eral of  our  large  and  well  managed  establishments  under  these 
drifting  systems,  for  a  term  of  ten  to  fifteen  years,  at  from  one- 
third  to  one-quarter  speed.  The  workmen,  in  the  meanwhile,  ap- 
parently enjoyed  the  confidence  of  their  employers,  and  in  many 
cases  the  employers  not  only  suspected  the  deceit,  but  felt  quite 
sure  of  it. 

92.  The  great  defect,  then,  common  to  all  the  ordinary  systems 
of  management  (including  the  Towne-Halsey  system,  the  best 
of  this  class),  is  that  their  starting-point,  their  very  foundation, 
rests  upon  ignorance  and  deceit,  and  that  throughout  their  whole 
course  in  the  one  element  which  is  most  vital  both  to  employer 
and  workmen,  namely,  the  speed  at  which  work  is  done,  they 
are  allowed  to  drift  instead  of  being  intelligently  directed  and 
controlled. 

93.  The  writer  has  found,  through  an  experience  of  twenty 
years,  covering  a  large  variety  in  manufactures,  as  well  as  in  the 
building  trades,  structural  and  engineering  work,  that  it  is  not  only 
practicable  but  comparatively  easy  to  obtain  through  a  system- 
atic and  scientific  time  study,  exact  information  as  to  how  much 
of  any  given  kind  of  work  either  a  first-class  or  an  average  man 
can  do  in  a  day,  and  with  this  information  as  a  foundation,  he  has 
over  and  over  again  seen  the  fact  demonstrated  that  workmen  of 
all  classes  are  not  only  willing,  but  glad  to  give  up  all  idea  of  sol- 
diering, and  devote  all  of  their  energies  to  turning  out  the  maxi- 
mum work  possible,  providing  they  are  sure  of  a  suitable  per- 
manent reward. 

94.  With  accurate  time  knowledge  as  a  basis,  surprisingly  large 
results  can  be  obtained  under  any  scheme  of  management  from 
day  work  up;  there  is  no  question  that  even  ordinary  day  work 
resting  upon  this  foundation  will  give  greater  satisfaction  than 
any  of  the  systems  in  common  use,  standing  as  they  do  upon 
soldiering  as  a  basis. 

95.  To  many  of  the  readers  of  this  paper  both  the  fundamental 
objects  to  be  aimed  at,  namely,  high  wages  with  low  labor  cost, 
and  the  means  advocated  by  the  writer  for  attaining  this  end; 
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iiamoly,  AcruRATE  time  sti'dy,  will  jippcjir  so  theoretical  and  so  far 
outside  of  the  range  of  their  jx'rsoniil  observation  and  experience 
that  it  would  seem  desirable,  before  proceeding  farther,  to  give  a 
brief  illustration  of  what  has  been  accomplished  in  this  line. 

9G.  The  writer  chooses  from  among  a  large  variety  of  trades  to 
which  these  principles  have  been  applied,  the  yard  labor  handling 
raw  materials  in  the  works  of  the  Bethlehem  Steel  Company  at 
South  Bethlehem,  Pa.,  not  because  the  results  attained  there  have 
been  srreater  than  in  manv  other  instances,  but  because  the  case  is 
so  elementary  that  the  results  are  evidently  due  to  no  other 
cause  than  thorough  time  study  as  a  basis,  followed  by  the  appli- 
cation of  a  few  simple  principles  with  which  all  of  us  are  familiar. 

97.  In  almost  all  of  the  other  more  complicated  cases  the  large 
increase  in  output  is  due  partly  to  the  actual  physical  changes, 
either  in  the  machines  or  small  tools  and  appliances,  which  a  pre- 
liminary time  study  almost  always  shows  to  be  necessary,  so  that 
for  purposes  of  illustration  the  simple  case  chosen  is  the  better, 
although  the  gain  made  in  the  more  complicated  cases  is  none 
the  less  legitimately  due  to  the  system. 

98.  Up  to  the  spring  of  the  year  1S99,  all  of  the  materials  in 
the  yard  of  the  Bethlehem  Steel  Company  had  been  handled  by 
gangs  of  men  working  by  tlie  day,  and  under  the  foremanship  of 
men  who  had  themselves  formerly  worked  at  similar  work  as 
laborers.  Their  management  was  about  as  good  as  the  average 
of  similar  work,  although  it  was  bad,  all  of  the  men  being  paid 
the  ruling  wages  of  laborers  in  this  section  of  the  country, 
namely,  $1.15  per  day,  the  only  means  of  encouraging  or  dis- 
ciplining them  being  either  talking  to  them  or  discharging  them; 
occasionally,  however,  a  man  was  selected  from  among  these  men 
and  given  a  better  class  of  work  with  slightly  higher  wages  in 
some  of  the  companies'  shops,  and  this  had  the  effect  of  slightly 
stimulating  them.  From  four  to  six  hundred  men  were  em- 
ployed on  this  class  of  work  throughout  the  year. 

99.  The  work  of  these  men  consisted  mainly  of  unloading  from 
railway  cars  and  shovelling  on  to  piles,  and  from  these  piles  again 
loading  as  required,  the  raw  materials  used  in  running  three 
blast  furnaces  and  seven  large  open-hearth  furnaces,  such  as  ore 
of  various  kinds,  varying  from  fine,  gravelly  ore  to  that  which 
comes  in  large  lumps,  coke,  limestone,  special  pig,  sand,  etc.,  un- 
loading hard  and  soft  coal  for  boilers,  gas-producers,  etc.,  and 
also  for  storage  and  ae^ain  loading  the  stored  coal   as  required 
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for  nso,  loading  I  he  ])io'  iron  pi-oduccd  at  \Uv  fiirnacc^s  for  ship- 
Jiicnl,  for  storage*,  and  for  local  use,  and  handling  billets,  etc., 
produced  by  the  rolling  mills.  The  work  covered  a  large  variety 
as  laboring  work  goes,  and  it  was  not  usual  that  a  man  was 
kept  continuously  at  the  same  class  of  work. 

100.  Before  undertaking  the  management  of  these  men,  the 
writer  was  informed  that  they  were  steady  workers,  but  slow  and 
phlegmatic,  and  that  nothing  would  induce  them  to  work  fast. 

101.  His  first  step  was  to  place  an  intelligent,  college-educated 
man  in  charge  of  progress  in  this  line.  This  man  had  not  before 
handled  this  class  of  labor,  although  he  understood  managing 
workmen.  He  was  not  familiar  with  the  methods  pursued  by 
the  writer,  but  was  soon  taught  the  art  of  determining  how  much 
work  a  first-class  man  can  do  in  a  day.  This  was  done  by  timing 
with  a  stop  watch  a  first-class  man  while  he  was  working  fast. 
The  best  way  to  do  this,  in  fact  almost  the  only  way  in  which  the 
timing  can  be  done  with  certainty,  is  to  divide  the  man's  work  into 
its  elements  and  time  each  element  separately.  For  example,  in 
the  case  of  a  man  loading  pig  iron  on  to  a  car,  the  elements  should 
be :  Picking  up  the  pig  from  the  ground  or  pile  (time  in  hun- 
dredths of  a  minute).  Walking  with  it  on  a  level  (time  per  foot 
walked).  Walking  with  it  up  an  incline  to  car  (time  per  foot 
walked).  Throwing  the  pig  down  (time  in  hundredths  of  a 
minute),  or  laying  it  on  a  pile  (time  in  hundredths  of  a  minute). 
Walking  back  empty  to  get  a  load  (time  per  foot  walked). 

102.  In  case  of  important  elements  which  were  to  enter  into  a 
number  of  rates,  a  large  number  of  observations  were  taken  when 
practicable  on  different  first-class  men,  and  at  different  times,  and 
they  were  averaged. 

103.  The  most  difficult  elements  to  time  and  decide  upon  in  this, 
as  in  most  cases,  are  the  percentage  of  the  day  required  for  rest, 
and  the  time  to  allow  for  accidental  or  unavoidable  delays. 

104.  In  the  case  of  the  yard  labor  at  Bethlehem,  each  class  of 
work  was  studied  as  above,  each  element  being  timed  separately, 
and  in  addition,  a  record  was  kept  in  many  cases  of  the  total 
amount  of  work  done  by  the  man  in  a  day.  The  record  of  the 
gross  work  of  the  man  (who  is  being  timed)  is,  in  most  cases,  not 
necessary  after  the  observer  is  skilled  in  his  work.  As  the  Bethle- 
hem time  observer  was  new  to  this  work,  the  gross  time  was  useful 
in  checking  his  detailed  observations  and  so  gradually  educating 
him  and  giving  him  confidence  in  the  new  methods. 
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105.  Tlio  writor  had  so  many  other  duties  that  his  personal  help 
was  confined  to  teaching  the  proper  methods  and  aj)proving  the  de- 
tails of  the  various  changes  which  were  in  all  cases  outlined  in 
written  reports  before  being  carried  out. 

106.  As  soon  as  a  careful  study  had  been  made  of  the  time  ele- 
ments entering  into  one  class  of  work,  a  single  first-class  workman 
was  picked  ont  and  started  on  ordinary  piece  work  on  this  job. 
His  task  required  him  to  do  between  three  and  one-half  ;ind  four 
times  as  much  work  in  a  day  as  had  been  done  in  the  past  on  an 
average. 

107.  Between  twelve  and  thirteen  tons  of  pig  iron  per  man  had 
been  carried  from  a  pile  on  the  ground,  up  an  inclined  plank, 
and  loaded  on  to  a  gondola  car  by  the  average  pig  iron  handler 
while  working  by  the  day.  The  men  in  doing  this  work  had 
worked  in  gangs  of  from  five  to  twenty  men. 

108.  The  man  selected  from  one  of  these  gangs  to  make  the  first 
start  under  the  writer's  system  was  called  upon  to  load  on  piece- 
work from  forty-five  to  forty-eight  tons  (2,240  lbs.  each)  per 
day. 

109.  He  reo'arded  this  task  as  an  entirelv  fair  one,  and  earned  on 
an  average,  from  the  start,  $1.85  per  day,  which  was  60  per  cent, 
more  than  he  had  been  paid  by  the  day.  This  man  happened  to 
be  considerably  lighter  than  the  average  good  workman  at  this 
class  of  work.  He  weighed  about  130  pounds.  He  proved, 
however,  to  be  especially  well  suited  to  this  job,  and  was  kept  at 
it  steadily  throughout  the  time  that  the  writer  was  in  Bethlehem, 
and  I  believe  is  still  at  the  same  work. 

110.  Being  the  first  piece  work  started  in  thejivorks,  it  excited 
considerable  opposition,  both  on  the  part  of  the  workmen  and  of 
several  of  the  leading  men  in  the  town,  their  opposition  being 
based  mainly  on  the  old  fallacy  that  ii  piece  work  proved  success- 
ful a  great  many  men  would  be  thrown  out  of  work,  and  that 
thereby  not  only  the  workmen  but  the  whole  town  would  suffer. 

111.  One  after  another  of  the  new  men  who  were  started  singly 
on  this  job  were  either  persuaded  or  intimidated  into  giving  it  up. 
In  many  cases  they  were  given  other  work  by  those  interested  in 
preventing  piece  work,  at  wages  higher  than  the  ruling  wages. 
In  the  meantime,  however,  the  first  man  who  started  on  the  work 
earned  steadily  $1.85  per  day,  and  this  object  lesson  gradually 
wore  out  the  concerted  opposition,  which  ceased  rather  suddenly 
after  about  two  and  one-half  months.     From  this  time  on  there 
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was  no  difficulty  in  getting  plenty  of  good  men  who  were  anxious 
to  start  on  piece  work,  and  the  difficulty  lay  in  making  with 
sufficient  rapidity  the  accurate  time  study  of  the  elements  or 
"  unit  times  "  which  forms  the  foundation  of  this  kind  of  piece 
work. 

112.  Throughout  the  introduction  of  piece  work,  when  after  a 
thorough  time  study  a  new  section  of  the  work  was  started,  one 
man  oilly  was  put  on  each  new  job,  and  not  more  than  one  man 
was  allowed  to  work  at  it  until  he  had  demonstrated  that  the  task 
set  was  a  fair  one  by  earning  an  average  of  $1.85  per  day.  After 
a  few  sections  of  the  work  had  been  started  in  this  way,  the  com- 
plaint on  the  part  of  the  better  workmen  was  that  they  were  not 
allowed  to  go  on  to  piece  work  fast  enough. 

113.  It  required  about  two  years  to  transfer  practically  all  of 
the  yard  labor  from  day  to  piece  work.  And  the  larger  part  of 
the*  transfer  was  made  during  the  last  six  months  of  this  time. 

114.  As  stated  above,  the  greater  part  of  the  time  was  taken  up 
in  studying  "  unit  times,"  and  this  time  study  was  greatly  de- 
layed by  having  successively  the  two  leading  men  who  had  been 
trained  to  the  work  leave  because  they  were  offered  much  larger 
salaries  elsewhere.  The  study  of  "  unit  times "  for  the  yard 
labor  took  practically  the  time  of  two  trained  men  for  two  years. 
Throughout  this  time  the  day  and  piece  workers  were  under 
entirely  separate  and  distinct  management.  The  original  fore- 
men continued  to  manage  the'  day  work,  and  day  and  piece 
workers  were  never  allowed  to  work  together.  Gradually  the 
day  work  gang  was  diminished  and  the  piece  workers  were  in- 
creased as  one  .section  of  work  after  another  was  transformed 
from  the  former  to  the  latter. 

115.  Two  elements  which  were  important  to  the  success  of  this 
work  should  be  noted : 

116.  First,  on  the  morning  following  each  day's  work,  each 
workman  was  given  a  slip  of  paper  informing  him  in  detail  just 
how  much  work  he  had  done  the  day  before,  and  the  amount  he 
had  earned.  Thus  enabling  him  to  measure  his  performance 
against  his  earnings  while  the  details  were  fresh  in  his  mind. 

117.  Without  this  there  would  have  been  great  dissatisfaction 
among  those  who  failed  to  climb  up  to  the  task  asked  of  them, 
and  many  would  have  gradually  fallen  off  in  their  performance. 

118.  Second,  Avhenever  it  was  practicable,  each  man's  work  was 
measured  by  itself.     Only  when  absolutely  necessary  was  the 
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work  of  two  men  racasurod  np  togctlior  and  llic  jn-icc  divided  be- 
tween them,  and  then  care  was  taken  to  select  two  iiuii  of  as 
nearly  as  possible  the  same  capacity. 

119.  Only  on  few  occasions,  and  then  ujxui  special  permission 
signed  by  the  writer,  were  more  than  two  men  allowed  to  work  on 
gang  work,  dividing  their  earnings  between  them. 

120.  Gang  work  almost  in^~ariably  results  in  a  falling  off  in 
earnings  and  consequent  dissatisfaction. 

121.  An  interesting  illustration  of  the  desirability  of  individual 
piece  work  instead  of  gang  work  came  to  our  attention  at  Bethle- 
hem. Several  of  the  best  piece  workers  among  the  Bethlehem 
yard  laborers  were  informed  by  their  friends  that  a  much  higher 
price  per  ton  was  paid  for  shovelling  ore  in  another  works  than 
the  rate  given  at  Bethlehem.  After  talking  the  matter  over  with 
the  writer  he  advised  them  to  go  to  the  other  works,  which  they 
accordingly  did. 

122.  In  about  a  month  they  were  all  back  at  work  in  Bethlehem 
again,  having  found  that  at  the  other  works  they  were  obliged  to 
work  with  a  gang  of  men  instead  of  on  individual  piece  work, 
and  that  the  rest  of  the  gang  worked  so  slowly  that  in  spite  of 
the  high  price  paid  per  ton  they  earned  much  less  than  at 
Bethlehem. 

123.  The  table  on  next  page  gives  a  summary  of  the  work  done 
by  the  piece  work  laborers  in  handling  raw  materials,  such  as  ores, 
anthracite  and  bituminous  coal,  coke,  ])ig  iron,  sand,  limestone, 
cinder,  scale,  ashes,  etc.,  in  the  works  of  the  Bethlehem  Steel 
Company,  during  the  year  ending  April  30,  1901.  Tliis  work 
consisted  mainly  in  loading  and  unloading  cars  on  arrival  or 
departure  from  the  works,  and  for  local  transportation,  and  was 
done  entirelv  bv  hand,  i.e.,  without  the  use  of  cranes  or  other 
machinery. 

12-i.  The  greater  part  of  the  credit  for  making  the  accurate 
time  study  and  actually  managing  the  men  on  this  work,  should  be 
given  to  Mr.  A.  B.  Wadleigh,  the  writer's  assistant  in  this  sec- 
tion at  that  time. 

125.  When  the  writer  left  the  steel  works,  the  Bethlehem  piece 
workers  were  the  finest  body  of  picked  laborers  that  he  has  ever 
seen  together.  They  were  practically  all  first-class  men  because 
in  each  case  the  task  which  they  were  called  upon  to  perform 
was  such  that  only  a  first-class  man  could  do  it.  The  tasks  were 
all  purposely  made  so  severe  that  not  more  than  one  out  of  five 
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Number  of  tons  (2,240  lbs.  per  ton)  handled  on  piece 
work  during  the  year  ending  April  30,  1901 


Total  cost  of  handling  024,040Au)  tons  including  the 
piece  work  wages  paid  the  men,  and  in  addition  all 
incidental  day  labor  used 


Piece  Work. 


Former  cost  of  handling  the  same  number  of  tons  of 
similar  materials  on  day  work 


924,040iV„- 


$30,797.78 


Net  saving  in  handling  924,040i^?o  tons  of  materials, 
effected  in  one  year  through  substituting  piece  work 
for  day  work 

Average  cost  for  handling  a  ton  (2,240  lbs.)  on  piece 
and  day  work 


Average  earnings  per  day,  per  man = . . . 

Average  number  of  tons  handled  per  day  per  man  , 


536,417.69 

$0,033 

*  $1.88 
57 


Day  Work. 


$67,215.47 


$0,072 

$1.15 

16 


The  piece  workers  handled  on  an  average  Sj-tfo  times  as  many  tons  per  man  per 
day  as  the  day  workers. 

*  It  was  our  intention  to  fix  piece  work  rates  which  should  enable  first-class  workmen  to  average 
about  60  per  cent,  more  than  t  ley  had  been  earning  on  day  work,  namely  $1.8.5  per  day.  A  year's 
average  shows  them  to  have  ea-ned  $1.88  per  day,  or  three  cents  per  man  per  day  more  than  we 
expected.    An  error  of  1^*5  per  cent. 


laborers  (perhaps  even  a  smaller  percentage  than  this)  could  keep 
up. 

126.  It  was  clearly  understood  by  each  newcomer  as  he  went  to 
w^ork  that  unless  he  was  able  to  average  at  least  $1.85  per  day 
he  would  have  to  make  way  for  another  man  who  could  do  so. 
As  a  result,  first-class  men  from  all  over  that  part  of  the 
country,  who  were  in  most  cases  earning  from  $1.05  to  $1.15  per 
day,  were  anxious  to  try  their  hands  at  earning  $1.85  per  day. 
If  they  succeeded  they  were  naturally  contented,  and  if  they 
failed  they  left,  sorry  that  they  were  unable  to  maintain  the 
proper  pace,  but  with  no  hard  feelings  either  toward  the  system 
or  the  management.  Throughout  the  time  that  the  writer  was 
there,  labor  was  as  scarce  and  as  difficult  to  get  as  it  ever  has 
been  in  the  history  of  this  country,  and  yet  there  was  always  a 
surplus  of  first-class  men  ready  to  leave  other  jobs  and  try  their 
hand  at  Bethlehem  piece  work. 

127.  Perhaps  the  most  notable  difference  between  these  men 
and  ordinary  piece  workers  lay  in  their  changed  mental  attitude 
toward  their  employers  and  their  work,  and  in  the  total  absence 
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of  soldiering  on  thoir  part.  The  ordinary  piece  worker  would 
have  spent  a  considerable  part  of  his  time  in  deciding  just  how 
much  his  employer  would  allow  him  to  earn  without  cutting 
prices  and  in  then  trying  to  come  as  close  as  possible  to  this 
figure,  while  carefully  guarding  each  job  so  as  to  keep  the  man- 
agement from  finding  out  how  fast  it  really  could  be  done.  These 
men,  however,  were  faced  with  a  new  but  very  simple  and 
straightforward  proposition,  namely,  am  I  a  first-class  laborer  or 
not?  Each  man  felt  that  if  he  belonged  in  the  first  class  all  he 
had  to  do  was  to  work  at  his  best  and  he  would  be  paid  sixty  per 
cent,  more  than  he  had  been  paid  in  the  past.  Each  new  piece 
work  price  was  accepted  by  the  men  without  question.  They 
never  bargained  over  nor  complained  about  rates,  and  there  was 
no  occasion  to  do  so,  since  they  were  all  equally  fair,  and  called 
for  almost  exactly  the  same  amount  of  work  and  fatigue  per 
dollar  of  wages. 

128.  A  careful  inquiry  into  the  condition  of  these  men  when 
away  from  work  developed  the  fact  that  out  of  the  whole  gang, 
only  two  were  said  to  be  drinking  men.  This  does  not,  of  course, 
imply  that  many  of  them  did  not  take  an  occasional  drink.  The 
fact  is  that  a  steady  drinker  would  find  it  almost  impossible  to 
keep  up  with  the  pace  which  was  set,  so  that  they  were  practically 
all  sober.  Many  if  not  most  of  them  were  saving  money,  and 
they  all  lived  better  than  they  had  before.  The  results  attained 
under  this  system  were  most  satisfactory  both  to  emploj^er  and 
workmen,  and  show  in  a  convincing  w^ay  the  possibility  of  uniting 
high  wages  with  a  low  labor  cost. 

129.  This  is  virtually  a  labor  union  of  first-class  men,  who  are 
united  together  to  secure  the  extra  high  wages,  which  belong  to 
them  by  right  and  which  in  this  case  are  begrudged  them  by  none, 
and  which  will  be  theirs  through  dull  times  as  well  as  periods  of 
activity.  Such  a  union  commands  the  unqualified  admiration 
and  respect  of  all  classes  of  the  community;  the  respect  equally 
of  workmen,  employers,  political  economists,  and  philanthropists. 
There  are  no  dues  for  membership,  since  all  of  the  expenses  are 
paid  by  the  company.  The  employers  act  as  the  ofl^cers  of  the 
Union,  to  enforce  its  rules  and  keep  its  records,  since  the  inter- 
ests of  the  company  are  identical  and  bound  up  with  those  of 
the  men.  It  is  never  necessary  to  plead  with,  or  persuade  men 
to  join  this  Union,  since  the  employers  themselves  organize  it  free 
of  cost;  the  best  workmen  in  the  community  are  always  anxious 
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to  belong  to  it.     The  feature  most  to  be  regretted  about  it  is  that 
the  membership  is  limited. 

130.  The  words  ^^  labor  union  "  are,  however,  unfortunately  so 
closely  associated  in  the  minds  of  most  people  with  the  idea  of 
disagreement  and  strife  between  the  employers  and  men,  that  it 
seems  almost  incongruous  to  apply  them  to  this  case. 

131.  Is  not  this,  however,  the  ideal  "  labor  union,"  with  char- 
acter and  special  ability  of  a  high  order  as  the  only  qualifications 
for  membership. 

132.  It  is  a  curious  fact  that  with  the  people  to  whom  the 
writer  has  described  this  system,  the  first  feeling,  particularly 
among  those  more  philanthropically  inclined,  is  one  of  pity  for 
the  inferior  workmen  who  lost  their  jobs  in  order  to  make  way 
for  the  first-class  men..  This  sympathy  is  entirely  misplaced. 
There  was  such  a  demand  for  labor  at  the  time,  that  no  workman 
was  obliged  to  be  out  of  work  for  more  than  a  day  or  two,  and  so 
the  poor  workmen  were  practically  as  well  off  as  ever.  The  feel- 
ing, instead  of  being  one  of  pity  for  the  inferior  workmen,  should 
be  one  of  congratulation  and  rejoicing  that  many  first-class  men 
— ^^vho  through  unfortunate  circumstances  had  never  had  the 
opportunity  of  proving  their  w^orth — at  last  were  given  the  chance 
to  earn  high  wages  and  become  prosperous. 

133.  What  the  writer  wishes  particularly  to  emphasize  is  that 
this  whole  system,  rests  upon  an  accurate  and  scientific  study  of 
''  unit  times,"  which  is  by  far  the  most  important  element  in  mod- 
ern management.  With  it,  greater  and  more  permanent  results 
can  be  attained  even  under  ordinary  day  work  or  piece  work  than 
can  be  reached  under  any  of  the  more  elaborate  systems  without 
it. 

134.  In  1895  the  writer  read  a  paper  before  this  Society  entitled 
"  A  Piece  Rate  System."  His  chief  object  in  writing  it  was  to 
advocate  the  study  of  "  unit  times  "  as  the  foundation  of  good 
management.  Unfortunately,  he  at  the  same  time  described  the 
"  Differential  Rate  "  system  of  piece  work,  which  had  been  intro- 
duced by  him  in  the  Midvale  Steel  Works.  Although  he  called 
attention  to  the  fact  that  the  latter  was  entirely  of  secondary 
importance,  the  differential  rate  was  widely  discussed  in  the 
journals  of  this  country  and  abroad  while  practically  nothing  was 
said  about  the  study  of  "  unit  times."  Thirteen  members  of  this 
Society  discussed  the  piece  rate  system  at  length,  and  only  two 
briefly  referred  to  the  study  of  the  "  unit  times." 
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135.  The  writer  most  sincerely  trusts  that  his  leading  object  in 
Avriting  this  ])a|)er  will  not  be  overlooked,  and  that  soikntikic 
TIME  STUDY  wiU  receivG  the  attention  which  it  merits.  Ijearinjr  in 
mind  the  Bethlehem  yard  labor  as  an  illustration  of  the  aj)plica- 
tion  of  the  study  of  unit  times  as  the  foundation  of  success  in 
management,  the  following  would  seem  to  him  a  fair  comparison 
of  the  older  methods  with  the  more  modern  plan : 

13G.  For  each  job  there  is  the  quickest  time  in  which  it  can  be 
done  by  a  first-class  man.  This  time  may  be  called  the  "  quickest 
time,"  or  the  '"  standard  time  "  for  the  job. 

137.  Under  all  the  ordinary  systems,  this  "  quickest  time  "  is 
more  or  less  completely  shrouded  in  mist.  In  most  cases,  how- 
ever, the  workman  is  nearer  to  it  and  sees  it  more  clearly  than  the 
employer. 

138.  Under  ordinary  piecework  the  management  watch  every 
indication  given  them  by  the  workmen  as  to  what  the  "  quickest 
time  "  is  for  each  job,  and  endeavor  continually  to  force  the  men 
toward  this  "  standard  time,"  while  the  w^orkmen  constantly  use 
every  effort  to  prevent  this  from  being  done  and  to  lead  the 
management  in  the  wrong  direction.  In  spite  of  this  conflict, 
however,  the  "  standard  time  "  is  gradually  approached. 

139.  Under  the  Towne-Halsey*  plan  the  management  gives  uj) 
all  direct  effort  to  reach  this  '^  quickest  time,"  but  offers  mild  in- 
ducements to  the  w^orkmen  to  do  so,  and  turns  over  the  whole 
enterprise  to  them.  The  workmen,  peacefully  as  far  as  the 
management  is  concerned  but  with  considerable  pulling  and  haul- 
ing among  themselves,  and  ^vithout  the  assistance  of  a  trained 
guiding  hand,  drift  gradually  and  slowly  in  the  direction  of  the 
"  standard  time,"  but  rarely  approach  it  closely. 

140.  With  accurate  time  study  as  a  basis,  the  "  quickest  time  " 
for  each  job  is  at  all  times  in  plain  sight  of  both  employers  and 
w^orkmen,  and  is  reached  with  accuracy,  precision  and  speed,  both 
sides  pulling  hard  in  the  same  direction  under  the  uniform  simple 
and  just  agreement  that  whenever  a  first-class  man  works  at  his 
best  he  will  receive  from  30  to  100  per  cent,  more  than  the  aver- 
age of  his  trade. 

141.  Probably  a  majority  of  the  attempts  that  are  made  to  radi- 
cally change  the  organization  of  manufacturing  companies  result 
in  a  loss  of  money  to  the  company,  failure  to  bring  about  the 

*  For  further  criticism  of  tlie  Towne-Halsey  plan,  see  Mr.  Halsey's  re- 
marks at  the  end  of  the  paper  anJ  the  writer's  answer  to  same. 


1866  SHOP    MANAGEMENT. 

change  sought  for,  and  a  return  to  practically  the  original  organi- 
zation. The  reason  for  ihis  being  that  there  are  but  few  employ- 
ers who  look  upon  management  as  an  art,  and  that  they  go  at  a 
difficult  task  without  either  having  understood  or  appreciated  the 
time  required  for  organization  or  its  cost,  the  troubles  to  be  met 
Avith  or  the  obstacles  to  be  overcome,  and  without  having  studied 
the  means  to  be  employed  in  doing  so. 

142.  Before  starting  to  make  any  changes  in  the  organization  of 
a  company,  the  following  matters  should  be  carefully  considered : 
First,  the  importance  of  choosing  the  general  type  of  manage- 
ment best  suited  to  the  particular  case.  Second,  that  in  all  cases 
money  must  be  spent,  and  in  many  cases  a  great  deal  of  money, 
before  the  changes  are  completed  which  result  in  lowering  cost. 
Third,  that  it  takes  time  to  reach  any  result  worth  aiming  at. 
Fourth,  the  importance  of  making  changes  in  their  proper  order, 
and  that  unless  the  right  steps  are  taken,  and  taken  in  their 
proper  sequence,  there  is  great  danger  from  deterioration  in  the 
quality  of  the  output  and  from  serious  troubles  with  the  work- 
men, often  resulting  in  strikes. 

143.  As  to  the  type  of  management  to  be  ultimately  aimed  at, 
before  any  changes  whatever  are  made,  it  is  necessary,  or  at 
least  highly  desirable,  that  the  most  careful  consideration  should 
be  given  to  the  type  to  be  chosen;  and  once  a  scheme  is  decided 
upon  it  should  be  carried  forward  step  by  step  without  wavering 
or  retrograding.  Workmen  will  tolerate  and  even  come  to  have 
great  respect  for  one  change  after  another  made  in  logical 
sequence  and  according  to  a  consistent  plan.  It  is  most  demoral- 
izing, however,  to  have  to  recall  a  step  once  taken,  whatever  may 
be  the  cause,  and  it  makes  any  further  changes  doubly  difficult. 

144.  The  choice  must  be  made  between  some  of  the  types  of 
management  in  common  use,  which  the  writer  feels  are  properly 
designated  by  the  work  "  drifting,"  and  the  more  modern  and 
scientific  management  based  on  an  accurate  knowledge  of  how 
long  it  should  take  to  do  the  work.  If,  as  is  frequently  the  case, 
the  managers  of  an  enterprise  find  themselves  so  overwhelmed 
with  other  departments  of  the  business  that  they  can  give  but 
little  thought  to  the  management  of  the  shop,  then  some  one  of 
the  various  '^  drifting"  schemes  should  be  adopted;  and  of  these 
the  writer  believes  the  Towne-Halsey  plan  to  be  the  best,  since 
it  drifts  safely  and  peacefully  though  slowly  in  the  right  direc- 
tion; yet  under  it  the  best  results  can  never  be  reached.     The 
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fact,  however,  that  iiianairers  are  in  tliis  way  ovcrwhelincd  hy 
their  work  is  the  Ix  st  i)roof  that  there  is  something  radically 
wrong  with  the  })hin  of  their  organization  and  in  self  defence 
they  should  take  inmiediate  steps  toward  a  more  thorough  study 
of  the  art. 

145.  It  is  not  at  all  generally  realized  that  wdiatever  system  may 
be  used, — providing  a  business  is  complex  in  its  nature — the  build- 
ing up  of  an  efficient  organization  is  necessarily  slow  and  some- 
times very  expensive.  Almost  all  of  the  directors  of  manufactur- 
ing companies  appreciate  the  economy  of  a  thoroughly  modern, 
up-to-date  and  efficient  ])lant  and  are  willing  to  ])av  for  it.  Very 
few  of  them,  however,  realize  that  the  best  organization,  wdiat- 
ever  its  cost  may  be,  is  in  many  cases  even  more  important  than 
the  plant;  nor  do  they  clearly  realize  that  no  kind  of  an  efficient 
organizaton  can  be  built  up  without  spending  money.  The  spend- 
ing of  money  for  good  machinery  appeals  to  them  because  they 
can  see  machines  after  they  are  bought;  but  putting  money  into 
anything  so  invisible,  intangible,  and  to  the  average  man  so  in- 
definite, as  an  organization  seems  almost  like  throw^ing  it  away. 

146.  There  is  no  question  that  wdien  the  work  to  be  done  is  at 
all  complicated,  a  good  organization  with  a  poor  plant  will  give 
better  results  than  the  best  plant  w^ith  a  poor  organization.  One 
of  the  most  successful  manufacturers  in  this  country  was  asked 
recently  by  a  number  of  financiers  whether  he  thought  that 
the  diiference  betw^een  one  style  of  organization  and  another 
amounted  to  much  providing  the  company  had  an  up-to-date  plant 
properly  located.  His  answer  was,  "  If  I  had  to  choose  now 
between  abandoning  my  present  organization  and  burning  down 
all  of  my  plants  which  have  cost  me  millions,  I  should  choose  the 
latter.  My  plants  could  be  rebuilt  in  a  short  while  wdth  borrowed 
money,  but  I  could  hardly  replace  my  organization  in  a  genera- 
tion." 

147.  Modern  engineering  can  almost  be  called  an  exact  science ; 
each  year  removes  it  further  from  guess  work  and  from  rule  of 
thumb  methods  and  establishes  it  more  firmly  upon  the  foundation 
of  fijxed  principles. 

148.  The  wa-iter  feels  that  management  is  also  destined  to  be- 
come more  of  an  art,  and  that  many  of  the  elements  which  are  now 
believed  to  be  outside  the  field  of  exact  knowledge  ^^dll  soon  be 
standardized,  tabulated,  accepted  and  used,  as  are  now  the  many 
elements  of  engineering.     Management  will  be  studied  as  an  art 
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and  will  rest  upon  well  reco^^nized,  clearly  defined  and  fixed 
princijdes  instead  of  depending  upon  more  or  less  hazy  ideas 
received  from  a  limited  observation  of  the  few  organizations  with 
which  the  individual  may  have  cone  in  contact.  There  will,  of 
course,  be  various  successful  types,  and  the  application  of  the 
underlying  principles  must  be  modified  to  suit  each  particular 
case.  The  waiter  has  already  indicated  that  he  thinks  the  first 
object  in  management  is  to  unite  high  wages  with  a  low  labor 
cost.  He  believes  that  this  object  can  be  most  easily  attained  by 
the  application  of  the  following  principles : 

First. — A  Large  Daily  Task. 

149.  Each  man  in  the  establishment,  high  or  low,  should  daily 
have  a  clearly  defined  task  laid  out  before  him.  This  task  should 
not  in  the  least  degree  be  vague  nor  indefinite,  but  should  be  cir- 
cumscribed carefully  and  completely,  and  should  not  be  easy  to 
accomplish. 

Second. — Standard  Conditions. 

150.  Each  man's  task  should  call  for  a  full  day's  work,  and  at 
the  same  time  the  workman  should  be  given  such  conditions  and 
appliances  as  will  enable  him  to  accomplish  his  task  with  cer- 
tainty. 

Third. — High  Pay  for  Success. 

151.  He  should  be  sure  of  large  pay  when  he  accomplishes  his 
task. 

Fourth. — Loss  in  Case  of  Failure. 

152.  When  he  fails  he  should  be  sure  that  sooner  or  later  he 
will  be  the  loser  by  it. 

153.  When  an  establishment  has  reached  an  advanced  state  of 
organization,  in  many  cases  a  fifth  element  should  be  added, 
namely :  the  task  should  be  made  so  difficult  that  it  can  only  be 
accomplished  by  a  first-class  man. 

154.  There  is  nothing  new  nor  startling  about  any  of  these  prin- 
ciples and  yet  it  will  be  difficult  to  find  a  shop  in  which  they  are  not 
daily  violated  over  and  over  again.  They  call,  however,  for  a 
greater  departure  from  the  ordinary  types  of  organization  than 
would  at  first  appear.  In  the  case,  for  instance,  of  a  machine  shop 
doing  miscellaneous  work,  in  order  to  assign  daily  to  each  man  a 
carefully  measured  task,   a  special  planning  department  is  re- 
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quired  to  lay  out  all  of  the  work  at  Icastj  oue  day  ahead.  All 
orders  must  be  given  to  the  men  in  detail  in  writing;  and  in  order 
to  lay  out  the  next  day's  work  and  plan  the  entire  ])rogress  of 
work  through  the  shop,  daily  returns  must  be  made  by  the  men 
to  the  planning  department  in  writing,  showing  just  what  has 
been  done,  l^efore  each  casting  or  forging  arrives  in  the  shop 
the  exact  route  which  it  is  to  take  from  machine  to  machine 
should  be  laid  out.  An  instruction  card  for  each  operation  must 
be  written  out  stating  in  detail  just  how  each  operation  on  every 
piece  of  work  is  to  be  done  and  the  time  required  to  do  it,  the 
drawing  number,  any  special  tools,  jigs,  or  appliances  required, 
etc.  Before  the  four  principles  above  referred  to  can  be  success- 
fully applied  it  is  also  necessary  in  most  shops  to  make  important 
physical  changes.  All  of  the  small  details  in  the  shop,  which  are 
usually  regarded  as  of  little  importance  and  are  left  to  be  reg- 
ulated according  to  the  individual  taste  of  the  workman,  or,  at 
best,  of  the  foreman,  must  be  thoroughly  and  carefully  standard- 
ized; such  details,  for  instance,  as  the  care  and  tightening  of  the 
belts ;  the  exact  shape  and  quality  of  each  cutting  tool ;  the  estab- 
lishment of  a  complete  tool  room  from  which  properly  ground 
tools,  as  well  as  jigs,  templets,  drawings,  etc.,  are  issued  under  a 
good  check  system,  etc. ;  and  as  a  matter  of  importance  (in  fact, 
as  the  foundation  of  modern  management)  an  accurate  study  of 
^'  unit  times  "  must  be  made  by  one  or  more  men  connected  with 
the  planning  department,  and  each  machine  tool  must  be  stand- 
ardized and  a  table  or  slide  rule  constructed  for  it  showing  how  to 
run  it  to  the  best  advantage. 

155.  At  first  view  tlic  running  of  a  planning  department,  to- 
gether with  the  other  innovations,  would  appear  to  involve  a  large 
amount  of  additional  work  and  expense,  and  the  most  natural  ques- 
tion would  be  is  whether  the  increased  efficiency  of  the  shop  more 
than  offsets  this  outlay.  It  must  be  borne  in  mind,  however,  that, 
with  the  exception  of  the  study  of  unit  times,  there  is  hardly  a 
single  item  of  work  done  in  the  planning  department  which  is  not 
already  being  done  in  the  shop.  Establishing  a  planning  depart- 
ment merely  concentrates  the  planning  and  much  other  brain- 
work  in  a  few  men  especially  fitted  for  their  task  and  trained  in 
their  especial  lines,  instead  of  having  it  done,  as  heretofore,  in 
most  cases  by  high  priced  mechanics,  well  fitted  to  work  at  their 
trades  but  poorly  trained  for  work  more  or  less  clerical  in  its 
nature. 
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156.  There  is  a  close  analogy  between  tlie  methods  of  modern 
engineering  and  this  type  of  management.  Engineering  now  cen- 
tres in  the  drafting  room  as  modern  management  does  in  the  plan- 
ning department.  The  old  style  engineering  had  all  the  appear- 
ance of  simplicity  and  economy,  while  modern  engineering  has  all 
the  appearance  of  complication  and  extravagance,  with  its  multi- 
tude of  drawings;  and  the  amount  of  study  and  work  which  is  put 
into  each  detail ;  and  its  corps  of  draftsmen,  all  of  whom  would  be 
sneered  at  by  the  old  engineer  as  "  non-producers."  For  the  same 
reason,  modern  management,  with  its  minute  time  study  and  a 
managing  department  in  which  each  operation  is  carefully  planned, 
with  its  many  written  orders  and  its  apparent  red  tape,  looks  like 
a  waste  of  money;  while  the  ordinary  management  in  which  the 
planning  is  mainly  done  by  the  workmen  themselves  with  the  help 
of  one  or  two  foremen,  seems  simple  and  economical  in  the  ex- 
treme. The  Avriter,  however,  while  still  a  young  man,  had  all  lin- 
gering doubt  as  to  the  value  of  a  drafting  room  dispelled  by  seeing 
the  chief  engineer,  the  foreman  of  the  machine  shop,  the  foreman 
of  the  foundry  and  one  or  two  workmen,  in  one  of  our  large  and 
successful  engineering  establishments  of  the  old  school,  stand 
over  the  cylinder  of  an  engine  which  was  being  built,  with  chalk 
and  dividers,  and  discuss  for  more  than  an  hour  the  proper  size 
and  location  of  the  studs  for  fastening  on  the  cylinder  head. 
This  was  simplicity,  but  not  economy.  About  the  same  time 
he  became  thoroughly  convinced  of  the  necessity  and  economy  of 
a  planning  department  with  time  study,  and  with  written  instruc- 
tion cards  and  returns.  He  saw  over  and  over  again  a  workman 
shut  down  his  machine  and  hunt  up  the  foreman  to  inquire,  per- 
haps, what  work  to  put  into  his  machine  next,  and  then  chase 
around  the  shop  to  find  it  or  to  have  a  special  tool  or  templet 
looked  up  or  made.  He  saw  workmen  carefully  nursing  their 
jobs  by  the  hour  and  doing  next  to  nothing  to  avoid  making  a 
record,  and  he  was  even  more  forcibly  couAdnced  of  the  necessity 
for  a  change  while  he  was  still  working  as  a  machinist  by  being 
ordered  by  the  other  men  to  slow  down  to  half  speed  under 
penalty  of  being  thrown  over  the  fence. 

157.  ^o  one  now  doubts  the  economy  of  the  drafting  room,  and 
'the  writer  predicts  that  twenty  years  from  now  no  one  wdll  doubt 
the  economy  and  necessity  of  the  study  of  unit  times  and  of  the 
planning  department. 

158.  Another  point  of  analogy  between  modern  engineering 
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and  niotlorn  inanai2;('m(']it  lies  in  the  fact  tliat  iiiodcni  (•ii<!;in('('riii^ 
})rocoods  with  ('()in])arative  certainty  to  the  (h'si^n  and  construc- 
tion of  a  machine  or  structure  of  the  niaxiniuni  efficiency  with 
the  niiniuniiH  weinlit  and  cost  of  materials,  while  the  old  style 
engineering  at  best  only  ap])roximated  these  results  and  i\um 
only  after  a  series  of  breakdowns,  involving  the  practical  recon- 
struction of  the  machine  and  the  lapse  of  a  long  period  of  time. 
The  ordinary  system  of  management,  owing  to  the  lack  of  exact 
information  and  precise  methods,  can  only  approximate  to  the 
desired  standard  of  high  wages  accompanied  by  low  labor  cost 
and  then  only  slowly,  with  marked  irregularity  in  results,  with 
continued  opposition,  and,  in  many  cases,  with  danger  from 
strikes.  Modern  management,  on  the  other  hand,  proceeds 
slowly  at  first,  but  with  directness  and  precision,  step  by  step, 
and,  after  the  first  few  object  lessons,  almost  without  opposition 
on  the  part  of  the  men,  to  high  wages  and  low  labor  cost;  and 
what  is  of  great  importance,  it  assigns  wages  to  the  men  which 
are  uniformly  fair.  They  are  not  demoralized,  and  their  sense 
of  justice  offended  by  receiving  wages  which  are  sometimes  too 
low  and  at  other  times  entirely  too  high.  One  of  its  marked  ad- 
vantages lies  in  its  freedom  from  strikes.  The  writer  has  never 
been  opposed  by  a  strike,  although  lie  has  been  engaged  for  a 
great  part  of  his  time  since  1883  in  introducing  this  type  of 
management  in  different  parts  of  the  country  and  in  a  great 
variety  of  industries.  The  only  case  of  which  the  writer  can 
think  in  which  a  strike  under  this  system  might  be  unavoidable 
would  be  that  in  which  most  of  the  employees  were  members  of 
a  labor  union,  and  of  a  union  whose  rules  were  so  inflexible  and 
whose  members  were  so  stubborn  that  they  were  unwilling  to  try 
any  other  system,  even  though  it  assured  them  larger  wages  than 
their  own.  The  writer  has  seen,  lioweA'er,  several  times  after 
the  introduction  of  this  system,  the  members  of  labor  unions  who 
were  working  under  it  leave  the  union  in  large  numbers  because 
they  found  that  they  could  do  better  under  the  operation  of  the 
system  than  under  the  laws  of  the  union. 

159.  There  is  no  question  that  the  average  individual  accom- 
plishes the  most  when  he  either  gives  himself,  or  someone  else  as- 
signs him,  a  definite  task,  namely,  a  given  amount  of  work  which  he 
must  do  within  a  given  time ;  and  the  more  elementary  the  mind 
and  character  of  the  individual  the  more  necessary  does  it  become 
that  each  task  shall  extend  over  a  short  period  of  time  onW.     'No 
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school  teacher  would  tliiiik  of  telling  children  in  a  general  way  to 
study  a  certain  book  or  subject.  It  is  practically  universal  to 
assign  each  day  a  definite  lesson  beginning  on  one  specified  page 
and  line  and  ending  on  another;  and  the  best  progress  is  made 
\\'lien  the  conditions  are  such  that  a  definite  study  hour  or  period 
can  be  assigned  in  which  the  lesson  must  be  learned.  Most  of  us 
remain,  tluough  a  great  part  of  our  lives,  in  this  respect,  grown-up 
children,  and  do  our  best  only  under  pressure  of  a  task  of  com- 
paratively short  duration. 

160.  Another  and  perliaps  equally  great  advantage  of  assign- 
ing a  daily  task  as  against  ordinary  piece  work  lies  in  the  fact 
that  the  success  of  a  good  workman  or  the  failure  of  a  poor  one 
is  thereby  daily  and  prominently  called  to  the  attention  of  the 
management.  Many  a  poor  workman  might  be  willing  to  go 
along  in  a  slipshod  way  under  ordinary  piece  work,  careless  as  to 
whether  he  fell  off  a  little  in  his  output  or  not.  Very  few  of 
them,  however,  would  be  willing  to  record  a  daily  failure  to 
accomplish  their  task  even  if  they  were  allowed  to  do  so  by  their 
foreman;  and  also  since  on  ordinary  piece  work  the  price  alone  is 
specified  without  limiting  the  time  w^hich  the  job  is  to  take,  a 
quite  large  falling  off  in  output  can  in  many  cases  occur  without 
coming  to  the  attention  of  the  management  at  all.  It  is  for  these 
reasons  that  the  writer  has  above  indicated  ^'  A  Large  Daily 
Task  "  for  each  man  as  the  first  of  four  principles  w^hich  should 
be  included  in  the  best  type  of  management. 

161.  It  is  evident,  however,  that  it  is  useless  to  assign  a  task 
unless  at  the  same  time  adequate  measures  are  taken  to  enforce  its 
accomplishment.  As  Artemus  Ward  says,  "  I  can  call  the  spirits 
from  the  windy  deep,  but  damn  'em  they  w^on't  come !  "  It  is  to 
compel  the  completion  of  the  daily  task  then  that  two  of  the  other 
principles  are  required,  namely,  "  High  Pay  for  Success  "  and 
''  Loss  in  Case  of  Failure."  The  advantage  of  Mr.  Gantt's  system 
of  "  Task  Work  with  a  Bonus,"  and  the  writer's  '^  Differential 
Kate  Piece  Work  "  over  the  other  systems  lies  in  the  fact  that  with 
each  of  these  the  men  automatically  and  daily  receive  either  an 
extra  reward  in  case  of  complete  success,  or  a  distinct  loss  in  case 
they  fall  off  even  a  little. 

162.  The  four  principles  above  referred  to  can  be  successfully 
applied  either  under  day  work,  piece  work,  ^'  Task  Work  with  a 
Bonus,"  or  "  Differential  Rate  Piece  Work,"  and  each  of  these 
systeras  has  its  o\\ti  especial  conditions  under  which  it  is  to  be  pre- 


SHOP    MANAGEMENT.  1373 

ferred  to  citlior  of  tlic  oilier  three  In  no  case,  however,  slionld 
an  atteinjit  bo  made  to  a])})!}'  these  prineiples  unless  an  accurate 
and  thorough  time  study  has  perviously  been  made  of  every  item 
entering  into  the  day's  task. 

163.  They  should  be  ap])lied  under  day  work  only  when  a  num- 
ber of  miscellaneous  jobs  have  to  be  done  day  after  day,  none 
of  which  can  occupy  the  entire  time  of  a  man  througliout 
the  whole  of  a  day  and  when  the  time  required  to  do  each  of 
these  small  jobs  is  likely  to  vary  somewhat  each  day.  In  this 
case  a  number  of  these  jobs  can  be  grouped  into  a  daily  task 
which  should  be  assigned,  if  practicable,  to  one  man,  possibly 
ev^en  to  two  or  three,  but  rarely  to  a  gang  of  men  of  any  size.  To 
illustrate :  In  a  small  boiler  house  in  which  there  is  no  storage 
room  for  coal,  the  work  of  wheeling  the  coal  to  the  fireman, 
wheeling  out  the  ashes,  helping  clean  fires  and  keeping  the  boiler 
room  and  the  outside  of  the  boilers  clean  could  be  made  into  the 
daily  task  for  a  man,  and  if  these  items  did  not  sum  up  into  a  full 
day's  work,  on  the  average,  other  duties  could  be  added  until  a 
proper  task  Avas  assured.  Or,  the  various  details  of  sweeping, 
cleaning  and  keeping  a  certain  section  of  a  shop  floor,  windows, 
machines,  etc.,  in  order  can  be  united  to  form  a  task.  Or,  in  a 
small  factory  which  turns  out  a  uniform  product  and  in  uniform 
quantities  day  after  day,  supplying  raw  materals  to  certain  parts 
of  the  factory  and  removing  finished  product  from  others  may  be 
coupled  with  other  definite  duties  to  form  a  task.  The  task 
should  call  for  a  large  day's  work,  and  the  man  should  be  paid 
more  than  the  usual  day's  pay  so  that  the  position  will  be  sought 
for  by  first-class,  ambitious  men.  Clerical  work  can  very  pro]>- 
erly  be  done  by  the  task  in  this  way,  although  when  there  is 
enough  of  it,  piece  work  at  so  much  per  entry  is  to  be  preferred. 
In  all  cases  a  clear  cut,  definite  inspection  of  the  task  is  desirable 
at  least  once  a  day  and  sometimes  twice.  When  a  shop  is  not 
running  at  night,  a  good  time  for  this  inspection  is  at  seven 
o'clock  in  the  morning,  for  instance.  The  inspector  should  daily 
sign  a  printed  card,  stating  that  he  has  inspected  the  work  done 

by ,  and  enumerating  the  various  items  of  the  task.      The 

card  should  state  that  the  workman  has  satisfactorily  performed 
his  task,  except  the  following  items  which  should  be  enumerated  in 
detail. 

164.  When  men  are  working:  on  task  work  by  the  day,  they 
should  be  made  to  start  to  work  at  the  regular  starting  hour.   They 
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should,  liowcvcr,  have  no  regular  time  for  leaving.  As  soon  as 
the  task  is  finished  they  should  be  allowed  to  go  home;  and,  on 
the  other  hand,  they  should  be  made  to  stay  at  work  until  their 
task  is  done,  even  if  it  lasts  into  the  night,  no  deduction  being 
made  for  shorter  hours  nor  extra  pay  allowed  for  overtime.  It 
is  both  inhuman  and  unwise  to  ask  a  man,  working  on  task  work, 
to  stay  in  the  shop  after  his  task  is  finished  '^  to  maintain  the 
discipline  of  the  shop,''  as  is  frequently  done.  It  only  tends  to 
make  men  eye  servants. 

165.  An  amusing  instance  of  the  value  of  task  work  with 
freedom  to  leave  when  the  task  is  done  was  given  the  writer  by 
his  friend,  Mr.  Chas.  D.  Rogers,  for  many  years  superinten- 
dent of  the  American  Screw  Works,  of  Providence,  R.  I.,  one 
of  the  greatest  mechanical  geniuses  and  most  resourceful  man- 
agers that  this  country  has  produced,  but  a  man  Avho,  owing 
to  his  great  modesty,  has  never  been  fully  appreciated  out- 
side of  those  who  know  him  well.  Mr.  Rogers  tried  several 
modifications  of  day  and  piece  work  in  an  unsuccessful  endeavor 
to  get  the  children  who  were  engaged  in  sorting  over  the  very 
small  screws  to  do  a  fair  day's  work.  He  finally  met  with  great 
success  by  assigning  to  each  child  a  fair  day's  task  and  allowing 
him  to  go  home  and  play  as  soon  as  his  task  was  done.  Each 
child's  play  time  was  his  own  and  highly  prized  while  the  greater 
part  of  his  wages  went  to  his  parents. 

166.  Piece  work  embodying  the  task  idea  can  be  used  to  advan- 
tage when  there  is  enough  work  of  the  same  general  character  tj 
keep  a  number  of  men  busy  regularly;  such  work,  for  instance,  as 
the  Bethlehem  yard  labor  above  described,  or  the  work  of  bicycle 
ball  inspection  referred  to  later  on.  In  piece  work  of  this  class  the 
task  idea  should  always  be  maintained  by  keeping  it  clearly  before 
each  man  that  his  average  daily  earnings  must  amount  to  a  given 
high  sum  (as  in  the  case  of  the  Bethlehem  laborers,  $1.85  per  day), 
and  that  failure  to  average  this  amount  will  surely  result  in  his 
being  laid  off.  It  must  be  remembered  that  on  plain  piece  work 
the  less  competent  workmen  will  always  bring  what  influence  and 
pressure  they  can  to  cause  the  best  men  to  slow  down  towards 
their  level  and  that  the  task  idea  is  needed  to  counteract  this  in- 
fluence. Where  the  labor  market  is  large  enough  to  secure  in 
a  reasonable  time  enough  strictly  first-class  men,  the  piece  work 
rates  should  be  fixed  on  such  a  basis  that  only  a  first-class  man 
working  at  his  best  can  earn  the  average  amount  called  for.     This 
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figuro  should  be,  in  the  case  of  first-class  men  as  stated  above, 
from  30  i)er  cent,  to  100  per  cent,  beyond  the  wa^cs  usually 
paid.  The  task  idea  is  emphasized  with  this  style  of  piece  work 
by  two  things — the  high  wages  and  the  laying  off,  after  a  reason- 
able trial,  of  incompetent  men ;  and  for  the  success  of  the  system, 
the  number  of  men  employed  on  practically  the  same  class  of 
work  should  be  large  enough  for  the  workmen  quite  often  to  have 
the  object  lesson  of  seeing  men  laid  off  for  failing  to  earn  high 
Avages  and  others  substituted  in  their  places. 

1G7.  There  are  comparatively  few  machine  shops,  or  even  manu- 
facturing establishments,  in  which  the  work  is  so  uniform  in  its 
nature  as  to  employ  enough  men  on  the  same  grade  of  work  and 
in  sufficiently  close  contact  to  one  another  to  render  piece  work 
preferable  to  the  other  systems.  In  the  great  majority  of  cases  the 
work  is  so  miscellaneous  in  its  nature  as  to  call  for  the  employment 
of  workmen  varying  greatly  in  their  natural  ability  and  attain- 
ments, all  the  way,  for  instance,  from  the  ordinary  laborer,  through 
the  trained  laborer,  helper,  rough  machinist,  fitter,  machine  hand, 
to  the  highly  skilled  special  or  all-round  mechanic;  and  while  in  a 
large  establishment  there  may  be  often  enough  men  of  the  same 
grade  to  warrant  the  adoption  of  piece  Avork  w^ith  the  task  idea, 
yet,  even  in  this  case,  they  are  generally  so  scattered  in  different 
parts  of  the  shop  that  laying  off  one  of  their  number  for  incom- 
petence does  not  reach  the  others  with  sufficient  force  to  impress 
them  with  the  necessity  of  keeping  up  with  their  task. 

168.  It  is  evident  then  that,  in  the  great  majority  of  cases,  the 
four  leading  principles  in  management  can  be  best  applied  through 
either  [''  Task  AVork  with  a  Bonus  "  or  the  '^  Differential  Rate 
System,"  in  spite  of  the  slight  additional  clerical  work  and  the 
increased  difficulty  in  planning  ahead  incident  to  these  systems. 
Three  of  these  principles,  namely,  ^'  A  Large  Daily  Task,"  ^'  High 
Pay  for  Success,"  and  '^  Loss  in  Case  of  Failure  "  fonn  the  very 
essence  of  both  of  these  systems  and  act  as  a  daily  stimulant  for 
the  men,  and  the  fourth  element  is  a  necessary  preliminary,  since 
AA^thout  having  first  thoroughly  standardized  all  of  the  conditions 
surrounding  the  work,  neither  of  the  two  plans  can  be  success- 
fully applied. 

169.  In  many  cases  the  greatest  good  resulting  from  the  appli- 
cation of  these  systems  is  the  indirect  gain  which  comes  from  the 
enforced  standardization  of  all  details  and  conditions,  large  and 
small,  surrounding  the  work.     All  of  the  ordinary  systems  can  be 
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and  arc  almost  always  applied  without  adopting  and  maintainins 
thorough  shop  standards.  But  the  Task  idea  can  not  be  carried 
out  without  > them. 

170.  TliQ.  ^'  Diffo'rential  Rate  Piex^e  Work  ''  is  rather  simpler  in 
.  its  application  and- is  the  mor(^  forceful  of  the  two.     It  should  be 

used  wherever  it  is  practicable,  but  in  no  case  until  after  all  the 
accompamying  conditions  have  been  perfected  and  completely 
standardized  and  a  thorough  time  study  has  been  made  of.  all  of 
the  elements  of  the  work.  This  system  is  particularly  useful 
where  the  same  kind  of  work  is  repeated  day  after  day,  and  also 
whenever  the  maximum  possible  output  is  desired,  which  is  al- 
most always  the  case  in  the  operation  of  expensive  machinery  or 
of  a  plant  occupying  valuable  ground  or  a  large  building.  It  is 
more  forceful  than  "  Task  Work  with  a  Bonus  "  because  it  not 
only  pulls  the  man  up  from  the  top  but  pushes  him  equally  hard 
from  the  bottom.  Both  of  these  systems  give  the  workman  a 
large  extra  reward  when  he  accomplishes  his  full  task  within 
the  given  time.  With  the  differential  rate,  if  for  any  reason  he 
fails  to  do  his  full  task,  he  not  only  loses  the  large  extra  premium 
which  is  paid  for  complete  success,  but  in  addition  he  suffers  the 
direct  loss  of  the  piece  price  for  each  piece  by  which  he  fails 
short.  Failure  under  the  "  Task  with  a  Bonus "  system  in- 
volves a  corresponding  loss  of  the  extra  premium  or  bonus,  but 
the  workman,  since  he  is  paid  a  given  price  per  hour,  receives  his 
ordinary  day's  pay  in  case  of  failure  and  suffers  no  additional  loss 
beyond  that  of  the  extra  premium  whether  he  may  have  fallen 
short  of  the  task  to  the  extent  of  one  piece  or  a  dozen. 

171.  In  principle,  these  two  systems  appear  to  be  almost  identi- 
cal, yet  this  small  difference,  the  slightly  milder  nature  of  "  Task 
Work  with  a  Bonus,"  is  sufficient  to  render  it  much  more  flexible 
and  therefore  applicable  to  a  large  number  of  cases  in  Avhich  the 
"  differential  rate  "  cannot .  ,.be  used.  "  Task  Work  with  a 
Bonus  "  was  invented  by  Mi^^H.  L.  Gantt  while  he  was  assisting 
the  writer  in  organizing  the  Bethlehem  Steel  Company.  The 
possibilities  of  liis  system  were  immediately  recognized  by  all 
of  the  leading  men  engaged  on  the  work,  and  long  before  it 
would  have  been  practicable  to  use  the  ^'  Differential  Rate,"  work 
was  started  under  this  plan.  It  was  successful  from  the  start, 
and  steadily  grew  in  volume  and  in  favor,  and  to-day  is  mpre 
extensively  used  there  than  ever  before. 

172.  Mr.  Gantt's  system  is  especially  useful  during  the  difficult 
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and  delicate  ]i(M-iod  of  transition  fi-om  tlie  slow  j)a(*e  of  ordinary 
day  work  to  the  high  speed  which  is  the  leading  characteristic  of 
good  management.  During  this  period  of  transition  in  the  past, 
a  time  was  always  reached  wlien  a  sudden  long  leap  was  taken 
from  ini])roved  day  work  to  some  form  of  piece  work;  and  in 
making  this  jump  many  good  men  inevitably  fell  and  were  lost 
from  the  procession.  Mr.  Gantt's  system  bridges  over  this  diffi- 
cult stretch  and  enables  the  workman  to  go  smoothly  and  with 
gradually  accelerating  speed  from  the  slower  pace  of  improved 
day  work  to  the  high  speed  of  the  new  system. 

173.  It  does  not  appear  that  Mr.  Gantt  has  recognized  the  full 
advantages  to  be  derived  through  the  proper  application  of  his  sys- 
tem during  this  period  of  transition,  at  any  rate  he  has  failed  to 
]>oint  them  out  in  his  pa]^er  and  to  call  attention  to  the  best 
method  of  applying  his  plan  in  such  cases. 

174.  jN^o  workman  can  be  expected  to  do  a  piece  of  work  the 
first  time  as  fast  as  he  will  later.  It  should  also  be  recognized 
that  it  takes  a  certain  time  for  men  who  have  worked  at  the  ordi- 
nary slow  rate  of  speed  to  change  to  high  speed.  Mr.  Gantt's  plan 
can  be  adapted  to  meet  both  of  these  conditions  by  allowing  the 
workman  to  take  a  longer  time  to  do  the  job  at  first  and  yet  earn 
his  bonus ;  and  later  compelling  him  to  finish  the  job  in  the  quick- 
est time  in  order  to  get  the  premium.  In  all  cases  it  is  of  the 
utmost  importance  that  each  instruction  card  should  state  the 
quickest  time  in  Avhich  the  workman  will  ultimately  be  called  upon 
to  do  the  work.  There  will  then  be  no  temptation  for  the  man  to 
soldier  since  he  will  see  that  the  management  know  accurately 
how  fast  the  work  can  be  done. 

175.  There  is  also  a  large  class  of  work  in  addition  to  that  of  the 
period  of  transition  to  which  ^'  Task  AY^rk  with  a  Bonus  "  is 
especially  adapted.  The  higher  pressure  of  the  difierential  rate 
is  the  stimulant  required  by  the  workman  to  maintain  a  high  rate 
of  speed  and  secure  high  wages  while  he  has  the  steady  swing 
that  belongs  to  work  which  is  repeated  over  and  over  again. 
When,  however,  the  work  is  of  such  variety  that  each  day  presents 
an  entirely  new  task,  the  pressure  of  the  "  differential  rate  ''  is 
sometimes  too  severe.  The  chances  of  failing  to  quite  reach  the 
task  are  greater  in  this  class  of  work  than  in  routine  work;  and  in 
many  such  cases  it  is  better,  owing  to  the  increased  difficulties, 
that  the  workman  should  feel  sure  at  least  of  his  regular  day's 
rate,  which  is  secured  him  by  Mr.  Gantt's  system  in  case  he  falls 
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short  of  the  full  task.  There  is  still  another  case  of  quite  fre- 
quent occurrence  in  Avhich  the  flexibility  of  Mr.  Gantt's  plan 
makes  it  the  most  desirable.  In  many  establishments,  partic- 
ularly those  doing  an  engineering  business  of  considerable  vari- 
ety or  engaged  in  constructing  and  erecting  miscellaneous 
machinery,  it  is  necessary  to  employ  continuously  a  number  of 
especially  skilful  and  high-priced  mechanics.  The  particular 
work  for  which  these  meji  are  wanted  comes,  however,  in  many 
cases,  at  irregular  intervals,  and  there  are  frequently  quite  long 
waits  between  their  especial  jobs.  During  such  periods  these 
men  must  be  provided  with  work  which  is  ordinarily  done  by 
less  efficient,  lower-priced  men,  and  if  a  proper  piece  price  has 
been  fixed  on  this  work  it  would  naturally  be  a  price  suited  to  the 
less  skilful  men,  and  therefore  too  low  for  the  men  in  question. 
The  alternative  is  presented  of  trying  to  compel  these  especially 
skilled  men  to  Avork  for  a  lower  price  than  they  should  receive,  or 
of  fixing  a  special  higher  piece  price  for  the  work.  Fixing  two 
prices  for  the  same  piece  of  work,  one  for  the  man  who  usually 
does  it  and  a  higher  price  for  the  higher  grade  man,  always  causes 
the  greatest  feeling  of  injustice  and  dissatisfaction  in  the  man  who 
is  discriminated  against.  With  Mr.  Gantt's  plan,  the  less  skilled 
Avorkman  would  recognize  the  justice  of  paying  his  more  experi- 
enced companion  regularly  a  higher  rate  of  wages  by  the  day, 
yet  when  they  were  both  working  on  the  same  kind  of  work  each 
man  would  receive  the  same  extra  bonus  for  doing  the  full  day's 
task.  Thus,  with  Mr.  Gantt's  system,  the  total  day's  pay  of  the 
higher  classed  man  would  be  greater  than  that  of  the  less  skilled 
man,  even  when  on  the  same  work,  and  the  latter  would  not  be- 
grudge it  to  him.  We  may  say  that  the  difference  is  one  of  senti- 
ment, yet  sentiment  plays  an  important  part  in  all  of  our  lives ; 
and  sentiment  is  particularly  strong  in  the  workman  when  he  be- 
lieves a  direct  injustice  is  being  done  him. 

176.  Mr.  James  M.  Dodge,  our  distinguished  president,  has  in- 
vented an  ingenious  system  of  piece  work  which  is  adapted  to 
meet  this  very  case,  and  which  has  especial  advantages  not  pos- 
sessed by  any  of  the  other  plans.  As  he  is  to  present  a  paper  to 
the  Society  upon  this  subject,  the  writer  will  not  trespass  upon 
his  preserves. 

177.  It  is  clear,  then,  that  in  carrying  out  the  task  idea  after  the 
required  knowledge  has  been  obtained  through  a  study  of  '^  unit 
times,"  each  of  the  four  systems,  "  Day  Work,"  ''  Straight  Piece 
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Work,"  "  Task  Work  witli  a  Bonus,"  and  "  Diffcrontial  Pioce 
Work,"  has  its  especial  field  of  usefulness,  and  that  in  every 
large  establishment  doing  a  variety  of  work  all  four  of  these 
plans  can  and  should  be  used  at  the  same  time.  Three  of  these 
systems  were  in  use  at  the  Bethlehem  Steel  Company  when  the 
writer  left  there,  and  the  fourth  would  have  soon  been  started  if 
he  had  remained. 

ITS.  Before  leaving  this  part  of  the  paper  which  has  been  de- 
voted to  pointing  out  the  value  of  the  "  Daily  Task  ''  in  manage- 
ment, it  would  seem  desirable  to  give  an  illustration  of  the  value  of 
the  "  Differential  Bate/'  and  also  of  the  desirability  of  making 
each  task  as  simple  and  short  as  practicable. 

179.  The  writer  quotes  as  follows  from  a  paper  entitled  "  A 
Piece  Bate  System/'  read  by  him  before  this  Society  in  1895 : 

180.  Tho  first  case  in  which  a  differential  rate  was  applied  during  the  year  1SS4, 
furnishes  a  good  illustration  of  what  can  be  accomplished  by  it.  A  standard  steel 
forging,  man}'  thousands  of  which  are  used  each  year,  had  for  several  years  been 
turned  at  the  rate  of  from  four  to  five  per  day  under  the  ordinary  system  of  piece 
work,  50  cents  per  piece  being  the  price  paid  for  the  work.  After  analyzing  the 
job,  and  determining  the  shortest  time  required  to  do  each  of  the  elementary 
operations  of  which  it  was  composed,  and  then  summing  up  the  total,  the  \\Titer 
became  convinced  that  it  was  possible  to  turn  ten  pieces  a  day.  To  finish  the 
forgings  at  this  rate,  however,  the  machinists  were  obhgcd  to  work  at  their  maxi- 
mum pace  from  morning  to  night,  and  the  lathes  were  run  as  fast  as  the  tools 
would  allow,  and  under  a  heav}-  feed.  (Ordinary  trm.pcred  tools  1  inch  by  H 
inch  made  of  carbon  tool  steel,  were  used  for  this  work.) 

181.  It  will  be  appreciated  that  this  was  a  big  day's  work,  both  for  men  and 
machines,  when  it  is  understood  that  it  involved  removing,  with  a  single  IG-inch 
lathe,  having  two  saddles,  an  average  of  more  than  800  lbs.  of  steel  chips  in  ten 
hours.  In  place  of  the  50  cent  rate,  that  they  had  been  paid  before,  they  were 
given  35  cents  per  piece  when  they  turned  them  at  the  speed  of  10  per  da}-,  and 
when  they  produced  less  than  ten,  they  received  only  25  cents  per  piece. 

182.  It  took  considerable  trouble  to  induce  the  men  to  turn  at  this  high  speed, 
since  they  did  not  at  first  fully  appreciate  that  it  was  the  intention  of  the  firm  to 
allow  them  to  earn  permanenth'  at  the  rate  of  S3. 50  per  day.  But  from  the  day 
the}'  first  turned  ten  pieces  to  the  present  time,  a  period  of  more  than  ten  years, 
the  men  who  understood  their  work  have  scarcely  failed  a  single  day  to  turn  at 
this  rate.  Throughout  that  time  until  the  beginning  of  the  recent  fall  in  the 
scale  of  wages  throughout  the  country,  the  rate  was  not  cut. 

183.  During  this  whole  period,  the  competitors  of  the  company  never  succeeded 
in  averaging  over  half  of  this  production  per  lathe,  although  they  knew  and  even 
saw  what  was  being  done  at  Midvale.  They,  however,  did  not  allow  their  men  to 
earn  over  from  .S2.00  to  .S2.50  per  day,  and  so  never  even  approached  the  maxi- 
mum output. 

184.  The  following  table  vdll  show  the  econom}'  of  paying  high  wages  under  tho 
differential  rate  in  doing  the  above  job : 
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COST  OF  PRODUCTION  PER  LATHE  PER  DAY. 


Ordinary  System  of  Piecework. 

Man's  wages $2 . 50 

Machine  cost 3 .  37 


Total  cost  per  day 5 .  87 

5  pieces  produced;  Cost  per  piece.$l .  17 


Differential  Rate  System. 

Man's  wages     $3 .  50 

Machine  cost 3 .  37 

Total  cost  per  day 6 .  87 

10  pieces  produced ;  Cost  per  piece.SO .  69 


185.  The  above  result  was  mostly  though  not  entirely  due  to  the  differential  rate. 
The  superior  system  of  managing  all  of  the  small  details  of  the  shop  counted  for 
considerable. 

186.  The  exceedingly  dull  times  that  began  in  July,  1893,  and 
were  accompanied  by  a  great  fall  in  prices,  rendered  it  necessary 
to  lower  the  wages  of  machinists  throughout  the  country.  The 
wages  of  the  men  in  the  Midvale  Steel  Works  were  reduced  at 
this  time,  and  the  change  was  accepted  by  them  as  fair  and  just. 

187.  Throughout  the  works,  however,  the  principle  of  the  differ- 
ential rate  was  maintained,  and  was,  and  is  still,  fully  appreciated 
by  both  the  management  and  men.  Through  some  error  at  the 
time  of  the  general  reduction  of  wages  in  1893,  the  differential 
rate  on  the  particular  job  above  referred  to  was  removed,  and  a 
straight  piece-work  rate  of  25  cents  per  piece  was  substituted  for 
it.  The  result  of  abandoning  the  differential  proved  to  be  the 
best  possible  demonstration  of  its  value.  Under  straight  piece 
work,  the  output  immediately  fell  to  between  six  and  eight  pieces 
per  day,  and  remained  at  this  figure  for  several  years,  although 
under  the  differential  rate  it  had  held  throughout  a  long  term  of 
years  steadily  at  ten  per  day. 

188.  When  work  is  to  be  repeated  many  times,  the  time  study 
should  be  minute  and  exact.  Each  job  should  be  carefully  sub- 
divided into  its  elementary  operations,  and  each  of  these  "  unit 
times  "  should  receive  the  most  thorough  time  study. 

189.  In  fixing  the  times  for  the  tasks,  and  the  piece-work  rates 
in  jobs  of  this  class,  the  job  should  be  subdivided  into  a  number  of 
divisions,  and  a  separate  time  and  price  assigned  to  each  division 
rather  than  to  assign  a  single  time  and  price  for  the  whole  job. 
This  for  several  reasons,  the  most  important  of  which  is  that  the 
average  workman,  in  order  to  maintain  a  rapid  pace,  should  be 
given  the  opportunity  of  measuring  his  performance  against  the 
task  set  him  at  frequent  intervals.     Many  men  are  incapable  of 
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looking  very  far  alioad,  but  if  they  see  a  definite  opportunity  of 
earning  so  many  cents  by  working  hard  for  so  many  minutes, 
they  will  avail  themselves  of  it. 

IDO.  As  an  illustration,  the  steel  tires  used  on  ear  wheels  and 
locomotives  were  originally  turned  in  the  Midvale  Steel  Works 
on  ])i(H'e  work,  a  single  pieqe-work  rate  being  paid  for  all  of  the 
work  AN'hieh  could  be  done  on  a  tire  at  a  single  setting.  A  fixed 
price  was  paid  for  tiiis  work,  whether  there  was  much  or  little 
nu^tal  to  be  removed,  and  on  the  average  this  price  was  fair  to  the 
men.  Tlie  apparent  advantage  of  fixing  a  fair  average  rate  was, 
that  it  made  rate-fixing  exceedingly  simple,  and  saved  clerk  work 
in  the  time,  cost  and  record  keeping. 

191.  A  careful  time  study,  however,  convinced  the  writer  that 
for  the  reasons  given  above  most  of  the  men  failed  to  do  their  best. 
In  place  of  the  single  rate  and  time  for  all  of  the  work  done  at  a 
setting,  the  writer  subdivided  tire-turning  into  a  number  of  short 
operations,  and  fixed  a  proper  time  and  price,  varying  for  each 
small  job,  according  to  the  amount  of  metal  to  be  removed,  and 
the  hardness  and  diameter  of  the  tire.  The  effect  of  this  sub- 
division was  to  increase  the  output,  with  the  same  men,  methods, 
and  machines,  at  least  thirty-three  per  cent. 

192.  As  an  illustration  of  the  minuteness  of  this  subdivision,  an 
instruction  card  similar  to  the  one  used  is  reproduced  on  the  next 
page.  (This  card  should  be  about  7  inches  long  by  4^  inches 
wide.) 

193.  The  cost  of  the  additional  clerk  work  involved  in  this 
change  was  so  insignificant  that  it  practically  did  not  affect  the 
problem.  This  principle  of  short  tasks  in  tire  turning  was  intro- 
duced by  the  writer  in  the  Midvale  Steel  Works  in  1883  and  is 
still  in  full  use  there,  having  survived  the  test  of  twenty  years' 
trial  with  a  change  of  management. 

194.  In  another  establishment  a  differential  rate  was  applied  to 
tire  turning,  with  operations  subdivided  in  this  way,  by  adding  fif- 
teen per  cent,  to  the  pay  of  each  tire  turner  whenever  his  daily  or 
weekly  piece  work  earnings  passed  a  given  figure. 

195.  Another  illustration  of  the  application  of  this  principle  of 
measuring  a  man's  performance  against  a  given  task  at  frequent 
intervals  to  an  entirely  different  line  of  work  may  be  of  interest. 
For  this  purpose  the  writer  chooses  the  manufacture  of  bicycle 
balls  in  the  works  of  the  Symonds  Rolling  Machine  Company,  in 
Fitchburg,  Mass.     All  of  the  work  done  in  this  factory  was  sub- 
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Machine  shop  

Order  for Tires , 

Do  work  on  Tire  No : , 

as  follows  and  per  blue  print 


Tern 

plet. 

Size  lo 

be  cut 

to. 

Depth 
of  cut. 

Driving 
beh. 

Feed. 

Rate. 

Time  this 

operation 

should  lake. 

Surface  to  be  machined  . 

Set     tire     on     machine 
ready  to  turn   

Rough  face  front  edge  .  . 

Finish  face  front  edge  .  . 

Rough  bore  front      .... 

Finish  bore  front       .    .  . 

Rough  face  front  I.  S.  C. 

Cut  out  filled 

Rough  bore  front  I.  S.F.. 

Rough  face  back  edge  .  . 

Finish  face  back  edge .  .  . 

Finish  bore  back 

Rough  bore  back 

Rough  face  back  I.  S.  F  . 

Cut  out  filled 

Cut  recess 

Rough  turn  thread 

Finish  turn  thread 

Rough  turn  flange 

Finish  turn  flange 

Clean  fillet  of  flange  .... 

Remove  tire  from  ma- 
chine  and  clean   face 
plate   
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jccted  to  an  accurato  tiiiio  stuclv,  and  thon  was  ehanpod  from  day 
to  ])icco\vorktliroiigli  the  assistance  of  functional  f(>rcnianship,  etc. 
The  j)articular  operation  to  be  described,  however,  is  that  of 
inspectinc:  bicycle  balls  before  they  were  finally  boxed  for  ship- 
ment. Many  millions  of  these  balls  were  inspected  annnally. 
When  the  writer  undertook  to  systematize  this  work,  the  factory 
had  been  ninninc^  for  eio-ht  or  ten  vears  on  ordinarv  dav  work, 
SO  that  the  various  employees  were  ''  old  hands,"  and  skilled  at 
their  jobs.  The  work  of  inspection  was  done  entirely  by  girls — 
about  one  hundred  and  twenty  being  employed  at  it — all  on  day 
work. 

106.  This  work  consisted  briefly  in  placing  a  row  of  small  pol- 
ished steel  balls  on  the  back  of  the  left  hand,  in  the  crease  between 
two  of  the  fingers  pressed  together,  and  while  they  were  rolled  over 
and  over,  with  the  aid  of  a  ma2:net  held  in  the  riaht  hand,  thev 
were  minutely  examined  in  a  strong  light,  and  the  defective  balls 
picked  out  and  thrown  into  especial  boxes.  Four  kinds  of  defects 
were  looked  for — dented,  soft,  scratched,  and  fire  cracked — and 
they  were  mostly  so  minute  as  to  be  invisible  to  an  eye  not  espe- 
cially trained  to  this  work.  It  required  the  closest  attention  and 
concentration.  The  girls  had  worked  on  day  work  for  years,  ten 
and  one-half  hours  per  day,  with  a  Saturday  half -holiday. 

197.  The  first  move  before  in  any  way  stimulating  them  toward 
a  larger  output  was  to  insure  against  a  falling  off  in  quality.  This 
was  accomplished  through  over-inspection.  Four  of  the  most 
trustworthy  girls  were  given  each  a  lot  of  balls  which  had  been 
examined  the  day  before  by  one  of  the  regular  inspectors.  The 
number  identifying  the  lot  having  been  changed  by  the  foreman 
so  that  none  of  the  over-inspectors  knew  whose  work  they  were 
examining.  In  addition,  one  of  the  lots  inspected  by  the  four 
over-inspectors  was  examined  on  the  following  day  by  the  chief 
inspector,  selected  on  account  of  her  accuracy  and  integrity. 

19S.  An  effective  expedient  was  adopted  for  checking  the  hon- 
esty and  accuracy  of  the  over-inspection.  Every  two  or  three  days 
a  lot  of  balls  was  especially  prepared  by  the  foreman,  who 
counted  out  a  definite  number  of  perfect  balls,  and  added  a  re- 
corded number  of  defective  balls  of  each  kind.  The  inspectors 
had  no  means  of  distinguishing  this  lot  from  the  regular  com- 
mercial lots.  And  in  this  way  all  temptation  to  slight  their  work 
or  make  false  returns  was  removed. 

199.   After  insuring  in  this  way  against  deterioration  in  quality, 
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effective  means  were  at  once  adopted  to  increase  the  output. 
Improved  day  work  was  substituted  for  the  old  slipshod  method. 
An  accurate  daily  record,  both  as  to  quantity  and  quality,  was 
kept  for  each  inspector.  In  a  comparatively  short  time  this 
enabled  the  foreman  to  stir  the  ambition  of  all  the  inspectors  by 
increasing  the  wages  of  those  who  turned  out  a  large  quantity 
and  good  quality,  at  the  same  time  lowering  the  pay  of  those  who 
fell  short,  and  discharging  others  who  proved  to  be  incorrigibly 
slow  or  careless.  An  accurate  time  study  was  made  through  the 
use  of  a  stop  watch  and  record  blanks,  to  determine  how  fast  each 
kind  of  inspection  should  be  done.  This  showed  that  the  girls 
spent  a  considerable  part  of  their  time  in  partial  idleness,  talking 
and  half  working,  or  in  actually  doing  nothing. 

200.  Talking  while  at  work  was  stopped  by  seating  them  far 
apart.  The  hours  of  work  were  shortened  from  10 J  j^er  day,  first 
to  9  J,  and  later  to  8^;  a  Saturday  half  holiday  being  given  them 
even  with  the  shorter  hours.  Two  recesses  of  ten  minutes  each 
were  given  them,  in  the  middle  of  the  morning  and  afternoon, 
during  which  they  were  expected  to  leave  their  seats,  and  were 
allowed  to  talk. 

201.  The  shorter  hours,  and  improved  conditions,  made  it  pos- 
sible for  the  girls  to  really  work  steadily,  instead  of  pretending  to 
do  so.  Piece  work  was  then  introduced,  a  differential  rate  being 
paid,  not  for  an  increase  in  output,  but  for  greater  accuracy  in  the 
inspection ;  the  lots  inspected  by  the  over-inspectors  forming  the 
basis  for  the  payment  of  the  differential.  The  work  of  each  girl 
was  measured  every  hour,  and  they  were  all  informed  whether 
they  were  keeping  up  with  their  tasks,  or  how  far  they  had  fallen 
short;  and  an  assistant  was  sent  by  the  foreman  to  encourage 
those  who  w^ere  falling  behind,  and  help  them  to  catch  up. 

202.  The  principle  of  measuring  the  performance  of  each  work- 
man against  a  standard  at  frequent  intervals,  of  keeping  them  in- 
formed as  to  their  progress,  and  of  sending  an  assistant  to  help 
those  who  were  falling  down,  w^as  carried  out  throughout  the 
works,  and  proved  to  be  most  useful. 

203.  The  final  results  of  the  improved  system  in  the  inspecting 
department  are  as  follows : 

1.  Thirty-five  girls  did  the  work  formerly  done  by  one  hun- 
dred and  twenty. 

2.  The  girls  averaged  from  $6.50  to  $9.00  per  week  instead  of 
$3.50  to  $4.50,  as  formerly. 
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3.  Tlioy  worked  only  8h  hours  per  day,  with  Satunhiy  half- 
holiday,  when  they  had  formerly  worked  10 J  hours  per  day. 

4.  An  accurate  comparison  of  the  halls  which  were  inspected 
under  the  old  system  of  day  work  with  those  done  under  piece 
work,  with  over-inspection,  showed  that,  in  spite  of  the  large  in- 
crease in  output  per  girl,  there  were  58  per  cent,  more  defective 
balls  left  in  the  product  as  sold  under  day  w^ork  than  under  piece 
work.  In  other  w^ords,  the  accuracy  of  inspection  under  piece 
work  was  one-third  greater  than  that  under  day  work. 

204.  That  thirty-five  girls  were  able  to  do  the  work  which  for- 
merly required  about  one  hundred  and  twenty  is  due,  not  only  to 
the  improvement  in  the  work  of  each  girl,  owing  to  better  methods, 
but  to  the  Aveeding  out  of  the  lazy  and  unpromising  candidates, 
and  the  substitution  of  more  ambitious  individuals. 

205.  A  more  interesting  illustration  of  the  eifect  of  the  im- 
proved conditions  and  treatment  is  shown  in  the  following  com- 
parison: Eecords  were  kept  of  the  work  of  ten  girls,  all  '^  old 
hands,"  and  good  inspectors,  and  the  improvement  made  by  these 
skilled  hands  is  undoubtedly  entirely  due  to  better  management. 
All  of  these  girls  throughout  the  period  of  comparison  were  en- 
gaged on  the  same  kind  of  work,  viz. :  inspecting  bicycle  balls, 
three-sixteenths  of  an  inch  in  diameter. 

20G.  The  work  of  organization  began  in  March,  and  although 
the  records  for  the  first  three  months  were  not  entirely  clear,  the 
increased  output  due  to  better  day  work  amounted  undoubtedly  to 
33   per   cent. 

The  increase  per  day  from  June  on  day  work,  to  July  on  piece  work, 

the  hours  each  month  being  10| 37  per  cent. 

207.  This  increase  was  due  to  the  introduction  of  piece  work. 

Increase  per  day  from  July  to  Aug.     Length  of  working  day  in  July 

being  10|  hours,  and  in  Aug.  9^  hours,  both  months  piece  work. .  .  ,33  per  cent. 

Increase  Aug.  to  Sept.     Length  of  working  day  in  Aug.  being  9^  hours, 

and  in  Sept.,  8^  hours 0.08  per  cent. 

208.  That  is,  the  girls  did  practically  the  same  amount  of  work 
per  day  in  September,  in  8^  hours,  that  they  did  in  August  in  9^ 
hours. 

209.  To  summarize :  The  same  ten  girls  did  on  an  average  each 
day  in  September,  on  piece  work,  wdien  only  working  8^  hours  per 
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day,  2,42  times  as  much,  or  nearly  two  and  one-half  times  as 
much,  in  a  day  (not  p(>r  hour,  the  increase  per  hour  was  of 
course  much  greater)  as  they  had  done  when  working  on  day 
work  in  March  with  a  working  day  of  10^  hours.  They  earned 
$6.50  to  $9.00  per  week  on  piece  work,  while  they  had  only  earned 
$tiJ.50  to  $4.50  on  day  work.  The  accuracy  of  inspection  under 
piece  work  was  one-third  greater  than  under  day  work. 

210.  The  time  study  for  this  work  was  done  by  my  friend,  San- 
ford  E.  Thompson,  C.  £.,  who  also  had  the  actual  management  of 
the  girls  throughout  the  period  of  transition.  At  this  time,  Mr. 
TI.  L.  Gantt  was  general  superintendent  of  the  company,  and  the 
work  of  systematizing  was  under  the  general  direction  of  the 
writer. 

211.  It  is,  of  course,  evident  that  the  nature  of  the  organiza- 
tions required  to  manage  different  types  of  business  must  vary  to 
an  enormous  extent,  from  the  simple  tonnage  works  (with  its  uni- 
form product,  which  is  best  managed  by  a  single  strong  man  who 
carries  all  of  the  details  in  his  head  and  who,  with  a  few  com- 
paratively cheap  assistants,  pushes  the  enterprise  through  to 
success),  to  the  large  machine  works  doing  a  miscellaneous  busi- 
ness, with  its  intricate  organization,  in  which  the  work  of  any  one 
man  necessarily  counts  for  but  little. 

212.  It  is  this  great  difference  in  the  type  of  the  organization 
required  that  so  frequently  renders  managers  who  have  been  emi- 
nently successful  in  one  line  utter  failures  when  they  undertake 
the  direction  of  works  of  a  different  kind.  This  is  particularly 
true  of  men  successful  in  tonnage  work  who  are  placed  in  charge 
of  shops  involving  much  greater  detail. 

213.  In  selecting  an  organization  for  illustration,  it  would  seem 
best  to  choose  one  of  the  most  elaborate.  The  manner  in  which 
this  can  be  simplified  to  suit  a  less  intricate  case  will  readily  sug- 
gest itself  to  any  one  interested  in  the  subject.  One  of  the  most 
difficult  works  to  organize  is  that  of  a  large  engineering  establish- 
ment building  miscellaneous  machinery,  and  the  writer  has  there- 
fore chosen  this  for  description. 

214.  Practically  all  of  the  shops  of  this  class  are  organized 
upon  what  may  be  called  the  military  plan.  The  orders  from  the 
general  are  transmitted  through  the  colonels,  majors,  captains, 
lieutenants  and  non-commissioned  officers  to  the  men.  In  the 
same  way  the  orders  in  industrial  establishments  go  from  the 
manager  through   superintendents,   foremen   of  shops,   assistant 
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foremen  and  g'nng  bosses  to  the  men.  Tn  an  establislnneiit  of 
this  kind  the  (hitios  of  tlie  foremen,  gan<:»;  bosses,  etc.,  arc;  so 
varied,  and  call  for  an  amonnt  of  special  inforniation  conpled 
with  snch  a  variety  of  natural  ability,  that  only  men  of  unusual 
qualities  to  start  witli,  and  who  have  had  years  of  speciul  train- 
ing, can  perform  tliciii  in  a  satisfactory  manner.  It  is  because 
of  the  difficulty  (almost  the  impossibility)  of  getting  suitable 
foremen  and  gang  bosses,  etc.,  more  than  for  any  other  reason, 
that  we  so  seldom  hear  of  a  miscellaneous  machine  works  start- 
ing in  on  a  large  scale  and  meeting  with  much,  if  any,  suc- 
cess for  the  first  few  years.  This  difficulty  is  not  fully  realized 
by  the  managers  of  the  old  well  established  companies,  since  their 
superintendents  and  assistants  have  grown  up  with  the  business, 
and  have  been  gradually  worked  into  and  fitted  for  their  especial 
duties  through  years  of  training  and  the  process  of  natural  selec- 
tion. Even  in  these  establishments,  however,  this  difficulty  has 
impressed  itself  upon  the  managers  so  forcibly  that  most  of  them 
have  of  late  years  spent  thousands  of  dollars  in  re-grouping  their 
machine  tools  for  the  purpose  of  making  their  foremanship  more 
effective.  The  planers  have  been  placed  in  one  group,  slotters  in 
another,  lathes  in  another,  etc.,  so  as  to  demand  a  smaller  range 
of  experience  and  less  diversity  of  knowledge  from  their  respec- 
tive foremen.  For  an  establishment,  then,  of  this  kind^  starting 
up  on  a  large  scale,  it  may  be  said  to  be  an  impossibility  to  get 
suitable  superintendents  and  foremen.  The  writer  found  this 
difficulty  at  first  to  be  an  almost  insurmountable  obstacle  to  his 
work  in  organizing  manufacturing  establishments;  and  after 
years  of  experience,  overcoming  the  opposition  of  the  heads  of 
departments  and  the  foremen  and  gang  bosses,  and  training  them 
to  their  new  duties,  still  remains  the  greatest  problem  in  organ- 
ization. The  writer  has  had  comparatively  little  trouble  in  in- 
ducing workmen  to  change  their  ways  and  to  increase  their  speed, 
providing  the  proper  object  lessons  are  presented  to  them,  and 
time  enough  is  allowed  for  these  to  produce  their  efi'ect.  It  is 
rarely  the  case,  however,  that  superintendents  and  foremen  can 
find  any  reasons  for  changing  their  methods,  which,  as  far  as 
they  can  see,  have  been  successful.  And  having,  as  a  rule,  ob- 
tained their  positions  owing  to  their  unusual  force  of  character, 
and  being  accustomed  daily  to  rule  other  men,  their  opposition 
is  generally  effective. 

215.  In  the  waiter's  experience,  ahnost  all  shops  are  under- 
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officered.     Invariably  the  number  of  leading  men  employed  is  not 
sufficient  to  do  the  work  economically. 

21G.  Under  the  military  type  of  organization,  the  foreman  is 
held  responsible  for  the  successful  running  of  the  entire  shop,  and 
when  we  measure  his  duties  by  the  standard  of  the  four  leading 
principles  of  management  above  referred  to,  it  becomes  apparent 
that  in  his  case  these  conditions  are  as  far  as  possible  from 
being  fulfilled.  His  duties  may  be  briefly  enumerated  as  fol- 
lows :  He  must  lay  out  the  work  for  the  whole  shop,  see  that  each 
piece  of  work  goes  in  the  proper  order  to  the  right  machine,  and 
that  the  man  at  the  machine  knows  just  what  is  to  be  done  and 
how  he  is  to  do  it.  He  must  see  that  the  work  is  not  slighted,  and 
that  it  is  done  fast,  and  all  the  while  he  must  look  ahead  a  month 
or  so,  either  to  provide  more  men  to  do  the  work  or  more  work 
for  the  men  to  do.  He  must  constantly  discipline  the  men  and 
readjust  their  wages,  beside  fixing  piece  work  prices  and  super- 
vising the  timekeeping. 

217.  The  first  of  the  four  leading  principles  in  management 
calls  for  a  "  clearly  defined  and  circumscribed  task.''  Evidently 
the  foreman's  duties  are  in  no  way  clearly  circumscribed.  It  is  left 
each  day  entirely  to  his  judgment  what  small  part  of  the  mass  of 
duties  before  him  it  is  most  important  for  him  to  attend  to,  and 
he  staggers  along  under  this  fraction  of  the  work  for  which  he 
is  responsible,  leaving  the  balance  to  be  done  in  many  cases  as 
the  gang  bosses  and  workmen  see  fit. 

218.  The  second  principle  calls  for  ^^  such  conditions  that  the 
daily  task  can  always  be  accomplished."  The  conditions  in  his 
case  are  always  such  that  it  is  impossible  for  him  to  do  it  all,  and 
he  never  even  makes  a  pretence  of  fulfilling  his  entire  task. 

219.  The  third  and  fourth  principles  call  for  high  pay  in  case 
the  task  is  successfully  done,  and  low  pay  in  case  of  failure. 

220.  The  failure  to  realize  the  first  two  conditions,  however,  ren- 
ders the  application  of  the  last  two  out  of  the  question.  The  fore- 
man usually  endeavors  to  lighten  his  burdens  by  delegating  his 
duties  to  the  various  assistant  foremen  or  gang  bosses  in  charge  of 
lathes,  planers,  milling  machines,  vise  work,  etc.  Each  of  these 
men  is  then  called  upon  to  perform  duties  of  almost  as  great  vari- 
ety as  those  of  the  foreman  himself.  The  difficulty  in  obtaining 
in  one  man  the  variety  of  special  information  and  the  different 
mental  and  moral  qualities  necessary  to  perform  all  of  the  duties 
demanded  of  these  men  has  been  clearly  summarized  as  follows : 
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221.  'rii('S('  nine  qualities  go  to  make  \i\)  a  well  rounded  man: 
1  drains, 

Kdueation, 

Si)eeial  or  technical  knowledge ;  manual  dexterity  or  istrengtli. 

Tact, 

Energy, 

Grit, 

Honesty, 

Judgment  or  common  sense  and 

Good  health. 

222.  Plenty  of  men  who  possess  only  three  of  the  above  quali- 
ties can  be  hired  at  any  time  for  laborers'  wages.  Add  four  of  these 
qualities  together  and  you  get  a  higher  priced  man.  The  man 
combining  five  of  these  qualities  begins  to  be  hard  to  find,  and 
those  with  six,  seven,  and  eight  are  almost  impossible  to  get. 
Having  this  fact  in  mind,  let  us  go  over  the  duties  which  a  gang 
boss  in  charge,  say,  of  lathes  or  planers,  is  called  upon  to  perform, 
and  note  the  knowledge  and  qualities  which  they  call  for: 

223.  First.  He  must  be  a  good  machinist — and  this  alone  calls 
for  years  of  special  training,  and  limits  the  choice  to  a  compara- 
tively small  class  of  men. 

224.  Second.  He  must  be  able  to  read  drawings  readily,  and 
have  sufficient  imagination  to  see  the  work  in  its  finished  state 
clearly  before  him.  This  calls  for  at  least  a  certain  amount  of 
brains  and  education. 

225.  Third.  He  must  plan  ahead  and  see  that  the  right  jigs, 
clamps  and  appliances,  as  well  as  proper  cutting  tools,  are  on  hand, 
and  are  used  to  set  the  work  correctly  in  the  machine  and  cut  the 
metal  at  the  right  speed  and  feed.  This  calls  for  the  ability  to 
concentrate  the  mind  upon  a  multitude  of  small  details,  and  take 
pains  with  little,  uninteresting  things. 

226.  Fourth.  He  must  see  that  each  man  keeps  his  machine 
clean  and  in  good  order.  This  calls  for  the  example  of  a  man 
who  is  naturally  neat  and  orderly  himself. 

227.  Fifth.  He  must  see  that  each  man  turns  out  work  of  the 
proper  quality.  This  calls  for  the  conservative  judgment  and  the 
honesty  which  are  the  qualities  of  a  good  inspector. 

228.  Sixth.  He  must  see  that  the  men  under  him  work  steadily 
and  fast.  To  accomplish  this  he  should  himself  be  a  hustler,  a  man 
of  energy,  ready  to  pitch  in  and  infuse  life  into  his  men  by  work- 
ing faster  than  they  do,  and  this  quality  is  rarely  combined  with 


1390  SHOP    MANAGEMENT. 

tlie  painstaking  care,  the  neatness  and  the  conservative  judgment 
demanded  as  the  third,  fourth,  and  fifth  requirements  of  a  gang 
boss. 

229.  Seventh.  He  must  constantly  look  ahead  over  the  whole 
field  of  work  and  see  that  the  parts  go  to  the- machines  in  their 
proper  sequence,  and  that  the  right  job  gets  to  each  machine. 

230.  Eighth.  He  must,  at  least  in  a  general  way,  supervise  the 
timekeeping  and  fix  piece  work  rates. 

Both  the  seventh  and  eighth  duties  call  for  a  certain  amount  of 
clerical  work  and  ability,  and  this  class  of  work  is  almost  always 
repugnant  to  the  man  suited  to  active  executive  work,  and  diffi- 
cult for  him  to  do ;  and  the  rate-fixing  alone  requires  the  whole 
time  and  careful  study  of  a  man  especially  suited  to  its  minute 
detail. 

231.  ISTinth.  He  must  discipline  the  men  under  him,  and  re- 
adjust their  w^ages;  and  these  duties  call  for  judgment,  tact  and 
judicial  fairness. 

232.  It  is  evident,  then,  that  the  duties  wdiich  the  ordinary  gang 
boss  is  called  upon  to  perfonn  would  demand  of  him  a  large  pro- 
portion of  the  nine  attributes  mentioned  above;  and  if  such  a  man 
could  be  found,  he  should  be  made  manager  or  superintendent  of  a 
works  instead  of  gang  boss.  H-OAvever,  bearing  in  mind  the  fact 
that  plenty  of  men  can  be  had  who  combine  four  or  five  of  these  at- 
tributes, it  becomes  evident  that  the  work  of  management  should 
be  so  subdivided  that  the  various  positions  can  be  filled  by  men  of 
this  calibre,  and  a  great  part  of  the  art  of  management  undoubt- 
edly lies  in  planning  the  work  in  this  way.  This  can,  in  the  judg- 
ment of  the  writer,  be  best  accomplished  by  abandoning  the  mili- 
tary TYPE  of  organization  and  introducing  two  broad  and  sweep- 
ing changes  in  the  art  of  management : 

233.  First.  As  far  as  possible  the  workmen,  as  well  as  the  gang 
bosses  and  foremen,  should  be  entirely  relieved  of  the  work  of 
planning,  and  of  all  work  which  is  more  or  less  clerical  in  its 
nature.  All  possible  brain  work  should  be  removed  from  the 
shop  and  centred  in  the  planning  or  laying-out  department,  leav- 
ing for  the  foremen  and  gang  bosses  work  strictly  executive  in  its 
nature ;  their  duties  being  to  see  that  the  operations  planned  and 
directed  from  the  planning  room  arc  promptly  carried  out  in  the 
shop.  Their  time  should  be  spent  with  the  men,  teaching  them  to 
think  ahead,  and  leading  and  instructing  them  in  their  work. 

Second.  Throughout  the  whole  field  of  management  the  mill- 
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tarv  type  of  orpinization  should  be  abandonod,  and  what  may  be 
called  tlio  "  functional  typo  "  substituted  in  its  ])lac('. 

234.  "  Functional  management "  consists  in  so  dividing  the 
work  of  management  thateachnuin  fromthe  assistant  sujxTintend- 
ent  down  shall  have  as  few  functions  as  possible  to  ])( rfonn.  If 
prncticahle  the  Avork  of  each  man  in  the  management  should  be 
conlined  to  the  performance  of  a  single  leading  function.  Tinh  r 
the  ordinary  or  military  type  the  workmen  are  divided  into  groups. 
The  men  in  eacli  group  receive  their  orders  from  one  man  only, 
the  foreman  or  gang  boss  of  that  group.  This  man  is  the  single 
agent  through  which  the  various  functions  of  the  management  are 
brought  into  contact  with  the  men.  Certainly  the  most  marked 
outward  characteristic  of  "  Functional  ^lanagemcnt  "  lies  in  the 
fact  that  each  workman,  instead  of  coming  in  direct  contact  with 
the  management  at  one  point  only,  namely,  through  his  gang 
boss,  receives  his  daily  orders  and  help  directly  from  eight  differ- 
ent bosses,  each  of  whom  performs  his  owm  particular  function. 
Four  of  these  bosses  are  in  the  planning  room  and  of  these  three 
send  their  orders  to  and  receive  their  returns  from  the  men,  usu- 
ally in  writing.  Four  others  are  in  the  shop  and  personally  help 
the  men  in  their  work,  each  boss  helping  in  his  own  particular 
line  or  function  only.  Some  of  these  bosses  come  in  contact  with 
each  man  only  once  or  twice  a  day  and  then  for  a  few  minutes 
perhaps,  while  others  are  with  the  men  all  the  time,  and  help 
each  man  frequently.  The  functions  of  one  or  two  of  these 
bosses  require  them  to  come  in  contact  with  each  workman  for 
so  short  a  time  each  day  that  they  can  perform  their  particular 
duties  perhaps  for  all  of  the  men  in  the  shop;  and  in  their  line 
they  manage  the  entire  shop,  while  other  bosses  are  called  upon 
to  help  their  men  so  much  and  so  often  that  each  boss  can  per- 
form his  function  for  but  a  few  men,  and  in  this  particular  line 
a  number  of  bosses  are  required,  all  performing  the  same  func- 
tion but  each  having  his  particular  group  of  men  to  help.  Thus 
the  grouping  of  the  men  in  the  shop  is  entirely  changed,  each 
workman  belonging  to  eight  different  groups  according  to  the  par- 
ticular functional  boss  whom  he  happens  to  be  working  under  at 
the  time. 

235.   The  following  is  a  brief  description  of  the  duties  of  the 
four  types  of  executive  functional  bosses  which  the  writer  has 
found  it  profitable  to  use  in  the  active  Avork  of  the  shop :  "  Gang 
Bosses,"  "  Speed  Bosses,"  ^^  Inspector,"  and  "  Kepair  Bosses." 
89 
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236.  The  gang  boss  has  charge  of  the  preparation  of  all  work 
up  to  the  time  that  the  piece  is  set  in  the  machine.  It  is  his 
duty  to  see  that  every  man  under  him  has  at  all  times  at  least 
one  piece  of  work  at  his  machine,  with  all  the  jigs,  templets,  draw- 
ings, driving  mechanism,  sling  chains,  etc.,  ready  to  go  into  his 
machine  as  soon  as  the  piece  he  is  actually  working  on  is  done. 
The  gang  boss  must  show  his  men  how  to  set  their  work  in  their 
machines  in  the  quickest  time,  and  see  that  they  do  it.  He  is 
responsible  for  the  work  being  accurately  and  quickly  set,  and 
should  be  not  only  able  but  willing  to  pitch  in  himself  and  show 
the  men  how  to  set  the  work  in  record  time. 

237.  The  speed  boss  must  see  that  the  proper  cutting  tools 
are  used  for  each  piece  of  work,  that  the  work  is  properly  driven, 
that  the  cuts  are  started  in  the  right  part  of  the  piece,  and  that 
the  best  speeds  and  feeds  and  depth  of  cut  are  used.  His  work 
begins  only  after  the  piece  is  in  the  lathe  or  planer,  and  ends 
when  the  actual  machining  ends.  The  speed  boss  must  not  only 
advise  his  men  how  to  best  do  this  work,  but  he  must  see  that 
they  do  it  in  the  quickest  time,  and  that  they  use  the  speeds  and 
feeds  and  depth  of  cut  as  directed  on  the  instruction  card.  In 
many  cases  he  is  called  upon  to  demonstrate  that  the  work  can 
be  done  in  the  specified  time  by  doing  it  himself  in  the  presence 
of  his  men. 

238.  The  inspector  is  responsible  for  the  quality  of  the  work, 
and  both  the  workmen  and  speed  bosses  must  see  that  the  work 
i^  all  finished  to  suit  him.  This  man  can,  of  course,  do  his  work 
best  if  he  is  a  master  of  the  art  of  finishing  work  both  well  and 
quickly. 

239.  The  repair  boss  sees  that  each  workman  keeps  his 
machine  clean,  free  from  rust  and  scratches,  and  that  he  oils  and 
treats  it  properly,  and  that  all  of  the  standards  established  for  the 
care  and  maintenance  of  the  machines  and  their  accessories  are 
rigidly  maintained,  such  as  care  of  belts  and  shifters,  cleanliness 
of  floor  around  machines,  and  orderly  piling  and  disposition  of 
work. 

240.  The  following  is  an  outline  of  the  duties  of  the  four  func- 
tional bosses  who  are  a  part  of  the  planning  department,  and  who 
in  their  various  functions  represent  this  department  in  its  connec- 
tion with  the  men.  The  first  three  of  these  send  their  directions 
to  and  receive  their  returns  from  the  men,  mainly  in  writing. 
These  four  representatives  of  the  planning  room  are,  the  ^'  order 
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of  work  clerk,"  "'  iiistrnotion  oard  men,"  "  tiino  and  cost  clerk," 
and  ''  shop  disci])linarian." 

241.  ''  Order  of  \rorl-  or  Route  CIerl\^' — After  the  pro})er  man 
in  the  planning  department  has  laid  out  the  exact  route  which 
each  piece  of  v»'ork  is  to  travel  through  the  shop  from  machine  to 
machine  in  order  that  it  may  be  finished  at  the  time  it  is  needed 
for  assembling,  and  the  work  done  in  the  most  economical  way, 
the  '^  route  clerk  "  daily  writes  lists  instructing  the  workmen 
and  also  all  of  the  executive  sliop  bosses  as  to  the  exact  order  in 
which  the  work  is  to  be  done  by  each  class  of  macliines  or  men, 
and  these 'lists  constitute  the  chief  means  for  directing  the  work- 
men in  this  particular  function. 

242.  Instruction  Card  Men. — The  ''instruction  card,"  as  its 
name  indicates,  is  the  cliief  means  employed  by  the  planmng  de- 
partment in  instructing  botli  the  executive  bosses  -and  the  men  in 
all  of  the  details  of  their  work.  It  tells  them  briefly  the  general 
and  detail  drawing  to  refer  to,  the  piece  number  and  the  cost 
order  number  to  charge  the  work  to,  the  special  jigs,  fixtures,  or 
tools  to  use,  where  to  start  each  cut,  the  exact  depth  of  each  cut, 
and  how  many  cuts  to  take,  the  speed  and  feed  to  be  used  for 
each  cut,  and  the  time  within  which  each  operation  must  be  fin- 
ished. It  also  informs  them  as  to  the  piece  rate,  the  differential 
rate  or  the  premium  to  be  paid  for  completing  the  task  within 
the  specified  time  (according  to  the  system  employed);  and 
further,  when  necessary,  refers  them  by  name  to  the  man  who 
will  give  them  especial  directions.  This  instruction  card  is  filled 
in  by  one  or  more  members  of  the  planning  department,  accord- 
ing to  the  nature  and  complication  of  the  instructions,  and  bears 
the  same  relation  to  the  planning  room  that  the  drawing  does  to 
the  drafting  room.  The  man  who  sends  it  into  the  shop  and 
who,  in  case  difl[iculties  are  met  with  in  carrying  out  the  instruc- 
tions, sees  that  the  proper  man  sweeps  these  difficulties  away,  is 
called  ''  the  instruction  card  foreman." 

243.  Time  and  Cost  CJerl\ — This  man  sends  to  the  men  through 
the  '^  instruction  card  "  all  the  information  they  need  for  record- 
ing their  time  and  the  cost  of  the  work,  and  secures  proper  returns 
from  them  and  refers  these  for  entry  to  the  cost  and  time  record 
clerks  in  the  planning  room. 

244.  Sliop  Disciplinarian. — In  case  of  insubordination  or  im- 
pudence, repeated  failure  to  do  their  duty,  lateness  or  unexcused 
absence,  the  shop  disciplinarian  takes  the  workman  or  bosses  in 
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hand  and  applies  the  proper  remedy,  and  sees  that  a  complete 
record  of  each  man's  virtues  and  defects  is  kept.  This  man 
should  also  have  much  to  do  with  readjusting  the  wages  of  the 
workmen.  At  the  very  least,  he  should  invariably  be  consulted 
before  any  change  is  made.  One  of  his  important  functions 
should  be  that  of  peace-maker. 

245.  Thus  we  see,  under  Functional  Foremanship,  the  work 
which,  with  the  military  type  of  organization,  was  done  by  the 
single  '^  gang  boss,''  subdivided  among  eight  men. 

"Route  Clerks,^'  ''Instruction  Card  Men"  ''Cost  and  Time 
Clerks.'" — Who  plan  and  give  directions  from  the  planning 
room. 

''  Gang  Bosses,"  "  Speed  Bosses,"  "  Inspectors,"  "  Repair  Bosses.^' 
— Who  show  the  men  how  to  carry  out  their  instructions,  and  see 
that  the  w^ork  is  done  at  the  proper  speed. 

And  the  ''  Shop  Disciplinarian." — Who  performs  this  func- 
tion for  the  entire  establishment. 

246.  The  greatest  good  resulting  from  this  change  is  that  it  be- 
comes possible  in  a  comparatively  short  time  to  train  bosses  who 
can  really  and  fully  perform  the  functions  demanded  of  them, 
while  under  the  old  system  it  took  years  to  train  men  who  were 
after  all  able  to  thoroughly  perform  only  a  portion  of  their 
duties.  A  glance  at  the  nine  qualities  needed  for  a  well  rounded 
man  and  then  at  the  duties  of  the  '^  functional  foreman  "  will  show 
that  each  of  these  men  requires  but  a  limited  number  of  the  nine 
qualities  in  order  to  successfully  fill  his  position;  and  that  the 
special  knowledge  which  he  must  acquire  forms  only  a  small  part 
of  that  needed  by  the  old  style  gang  boss.  The  writer  has  seen 
men  taken  (some  of  them  from  the  ranks  of  the  workmen,  others 
from  the  old  style  bosses  and  others  from  among  the  graduates 
of  industrial  schools,  technical  schools  and  colleges)  and  trained 
to  become  efficient  functional  foremen  in  from  six  to  eighteen 
months.  Thus  it  becomes  possible  with  functional  foremanship  to 
thoroughly  and  completely  equip  even  a  new  company  starting 
on  a  large  scale  with  competent  officers  in  a  reasonable  time,  which 
is  entirely  out  of  the  question  under  the  old  system.  Another 
great  advantage  resulting  from  divided  foremanship  is  that  it 
becomes  entirely  practicable  to  apply  the  four  leading  principles 
of  management  to  the  bosses  as  well  as  to  the  workmen.  Each 
foreman  can  have  a  task  assigned  him  which  is  so  accurately 
measured  that  he  will  be  kept  fully  occupied  and  still  will  daily 


SHOP    MANAGEMENT.  1395 

be  able  to  perform  his  entire  function.  This  renders  it  ])ossible 
to  pay  him  hii^h  wages  when  he  is  successful  by  giving-  him  a  pre- 
mium simihir  to  that  olfered  the  men  and  leave  him  with  low  pay 
when  he  fails. 

247.  The  full  possibilities  of  functional  foremanshi]),  liowever, 
will  not  have  been  realized  until  almost  all  of  the  machines  in  the 
shop  are  run  by  men  wlio  are  of  •smaller  calibre  and  attainments, 
and  who  are  therefore  cheaper  than  those  required  under  the  old 
system.  The  adoption  of  standard  tools,  appliances  and  methods 
throughout  the  shop,  the  planning  done  in  the  planning  room  and 
the  detailed  instructions  sent  them  from  this  department,  added 
to  the  direct  help  received  from  the  four  executive  bosses,  permit 
the  use  of  comparatively  cheap  men  even  on  complicated  work. 
Of  the  men  in  the  machine  shop  of  the  Bethlehem  Steel  Company 
engaged  in  running  the  roughing  machines,  and  who  were  w^orking 
under  the  bonus  system  wdien  the  writer  left  them,  about  95  per 
cent,  were  handy  men  trained  up  from  laborers.  And  on  the 
finishing  machines  Avorking  on  bonus  about  25  per  cent,  w^ere 
handy  men. 

248.  To  fully  understand  tlie  importance  of  the  work  which  was 
being  done  by  these  former  laborers,  it  must  be  borne  in  mind 
that  a  considerable  part  of  their  work  was  very  large  and  expen- 
sive. The  forgings  which  they  were  engaged  in  roughing  and 
finishing  weighed  frequently  many  tons. 

249.  Of  course  they  were  paid  more  than  laborer's  wages, 
though  not  as  much  as  skilled  machinists.  The  work  in  this  shop 
was  most  miscellaneous  in  its  nature. 

250.  Functional  foremanship  is  already  in  limited  use  in  many 
of  the  best  managed  shops.  A  number  of  managers  have  seen  the 
practical  good  that  arises  from  allowing  two  or  three  men  especi- 
ally trained  in  their  particular  lines  to  deal  directly  wdth  the  men 
instead  of  at  second  hand  through  the  old  style  gang  boss  as  a 
mouthpiece.  So  deep  rooted,  how^ever,  is  the  conviction  that  the 
very  foundation  of  management  rests  in  the  military  type  as  repre- 
sented by  the  principle  that  no  workman  can  work  under  two  bosses 
at  the  same  time,  that  all  of  the  managers  wdio  are  making  lim- 
ited use  of  the  functional  plan  seem  to  feel  it  necessary  to  apol- 
ogize for  or  explain  away  their  use  of  it;  as  not  really  in  this 
particular  case  being  a  violation  of  that  principle.  The  writer 
has  never  yet  found  one,  except  among  the  w^orks  which  he  had 
assisted  in  organizing,  who  came  out  squarely  and  acknowledged 
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tliat  he  was  using  functional  foremanship  because  it  was  the  right 
principle. 

251.  The  writer  introduced  five  of  the  elements 'of  functional 
foremanship  into  the  management  of  the  small  machine  shop  of 
the  Midvale  Steel  Company  of  Philadelphia  while  he  was  foreman 
of  that  shop  in  1882-1883 — the  "  Instruction  Card  Man,"  the 
''Time  Clerk/'  the  "  Inspector/',  the  ''Gang  Boss/'  and  the  "Shop 
Disciplinarian."  Each  of  these  functional  bosses  dealt  directly 
with  the  Avorkmen  instead  of  giving  their  orders  through  the 
''■  Gang  Boss."  The  dealings  of  the  ''  Instruction  Card  Man  " 
and  ''  Time  Clerk  "  with  the  workmen  were  mostly  in  writing, 
and  the  writer  himself  performed  the  functions  of  "  Shop  Dis- 
ciplinarian," so  that  it  was  not  until  he  introduced  the  ''  Inspec- 
tor," with  orders  to  go  straight  to  the  men  instead  of  to  the  gang 
boss,  that  he  appreciated  the  desirability  of  functional  foreman- 
ship  as  a  distinct  principle  in  management. 

252.  The  prepossession  in  favor  of  the  military  type  was  so 
strong  with  the  managers  and  owners  of  Midvale  that  it  w^as  not 
until  years  after  functional  foremanship  was  in  continual  use  in 
this  shop  that  he  dared  to  advocate  it  to  his  superior  officers  as  the 
correct  principle. 

253.  Until  very  recently  in  his  organization  of  works  he  has 
found  it  best  to  first  introduce  five  or  six  of  the  elements  of  func- 
tional foremanship  quietly,  and  get  them  running  smoothly  in  a 
shop  before  calling  attention  to  the  principle  involved;  and  when 
the  time  for  this  announcement  comes,  it  invariably  acts  as  the 
proverbial  red  rag  on  the  bull.  It  is  only  within  the  last  twleve 
years  that  the  writer  subdivided  the  duties  of  the  "old  gang  boss" 
who  spent  his  whole  time  with  the  men  into  the  four  functions  of 
"  Speed  Boss,"  "  Repair  Boss,"  "  Inspector,"  and  "  Gang  Boss," 
and  it  is  the  introduction  of  these  four  shop  bosses  directly  help- 
ing the  men  (particularly  that  of  the  "  Speed  Boss  ")  in  place  of 
the  single  old  boss,  that  has  produced  the  greatest  improvement 
in  the  shop. 

254.  When  functional  foremanship  is  introduced  in  a  large 
shop,  it  is  desirable  that  all  of  the  bosses  who  are  performing  the 
same  function  should  have  their  own  foreman  over  them;  for  in- 
stance, the  speed  bosses  should  have  a  speed  foreman  over  them, 
the  gang  bosses,  a  head  gang  boss  ;  the  inspectors,  a  chief  inspector, 
etc.,  etc.  The  functions  of  these  over  foremen  are  twofold:  First, 
that  of  teaching  each  of  the  bosses  under  them  the  exact  nature  of 
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liis  (hitics,  and  at  the  start,  also  of  nerving  and  bracing  tlicni  up  to 
the  point  of  insisting  that  tlie  workmen  shall  carry  out  the  orders 
exactly  as  speciHcd  on  the  instruction  cards.  This  is  a  difficult  task 
at  first,  as  the  workmen  have  been  accustomed  for  years  to  do  the 
details  of  the  work  to  suit  themselves,  and  many  of  them  are  inti- 
mate friends  of  the  bosses  and  believe  they  know  quite  as  much 
about  their  business  as  the  latter.  '\\iq  second  function  of  the 
over-foreman  is  to  smooth  out  tlie  difficulties  which  arise  between 
the  different  types  of  bosses  who  in  turn  directly  help  the  men. 
The  '^  Speed  Boss,''  for  instance,  always  follows  after  the  "  gang 
boss  ''  on  any  particular  job  in  taking  charge  of  the  workman. 
In  this  way  their  respective  duties  come  in  contact  edgeways,  as 
it  were,  for  a  short  time,  and  at  the  start  there  is  sure  to  be  more 
or  less  friction  between  the  two.  If  two  of  these  bosses  meet 
with  a  difHculty  which  they  cannot  settle,  they  send  for  their 
respective  over-foremen,  who  arc  usually  able  to  straighten  it 
out.  In  case  the  latter  are  unable  to  agree  on  the  remedy,  the 
case  is  referred  by  them  to  the  assistant  superintendent,  whose 
duties,  for  a  certain  time  at  least,  may  consist  largely  in  arbi- 
trating such  difficulties  and  thus  establishing  the  unwritten  code 
of  laws  by  which  the  shop  is  governed.  This  serves  as  one 
example  of  what  is  called,  the  "  exception  principle  "  in  manage- 
ment, which  is  referred  to  later. 

255.  Before  leaving  this  portion  of  the  subject  the  writer  wishes 
to  call  attention  to  the  analogy  which  functional  foremanship  bears 
to  the  management  of  a  large,  up-to-date  school.  In  such  a 
school  the  children  are  each  da}^  successively  taken  in  hand  by 
one  teacher  after  another  who  is  trained  in  his  particular  spe- 
cialty, and  they  are  in  many  cases  disciplined  by  a  man  partic- 
ularly trained  in  this  function.  The  old  style,  one  teacher  to  a 
class  plan  is  entirely  out  of  date. 

256.  The  writer  has  found  that  better  results  are  attained  by 
placing  the  planning  department  in  one  office  situated,  of  course, 
as  close  to  the  centre  of  the  shop  or  shops  as  practicable,  rather 
than  by  locating  its  members  in  different  places  according  to  their 
duties.  This  department  performs  more  or  less  the  functions  of  a 
clearing  house.  In  doing  their  various  duties,  its  members  must 
exchange  information  frequently,  and  since  they  send  their  orders 
to  and  receive  their  returns  from  the  men  in  the  shop,  principally 
in  writing,  simj^licity  calls  for  the  use,  when  possible,  of  a  single 
piece  of  paper  for  each  job  for  conveying  the  instructions  of  the 
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different  members  of  the  planning  room  to  the  men  and  another 
similar  paper  for  receiving  the  returns  from  the  men  to  the 
department.  Writing  out  these  orders  and  acting  promptly  on 
receipt  of  the  returns  and  recording  same  requires  the  members 
of  the  department  to  be  close  together.  The  large  machine  shop 
of  the  Bethlehem  Steel  Company  was  more  than  a  quarter  of 
a  mile  long,  and  this  was  successfully  run  from  a  single  planning 
room  situated  close  to  it.  The  manager,  superintendent,  and 
their  assistants  should,  of  course,  have  their  offices  adjacent  to 
the  planning  room  and,  if  practicable,  the  drafting  room  should 
be  near  at  hand,  thus  bringing  all  of  the  planning  and  purely 
brain  work  of  the  establishment  close  together.  The  advantages 
of  this  concentration  were  found  to  be  so  great  at  Bethlehem  that 
the  general  offices  of  the  company,  which  were  formerly  located  in 
the  business  part  of  the  town  about  a  mile  and  a  half  away,  were 
moved  into  the  middle  of  the  works  adjacent  to  the  planning  room. 

257.  The  shop  (indeed  the  whole  works)  should  be  managed, 
not  by  the  manager,  superintendent,  or  foreman,  but  by  the  plan- 
ning department.  The  daily  routine  of  running  the  entire  works 
should  be  carried  on  by  the  various  functional  elements  of  this 
department,  so  that,  in  theory  at  least,  the  works  could  run 
smoothly  even  if  the  manager,  superintendent  and  their  assistants 
outside  the  planning  room  were  all  to  be  away  for  a  month  at  a 
time. 

258.  The  following  are  the  leading  functions  of  the  Planning 
Department : 

A. — The  complete  analysis  of  all  orders  for  machines  or  work 
taken  by  the  company. 

B. — Time  study  for  all  work  done  by  hand  throughout  the 
vv^orks,  including  that  done  in  setting  the  work  in  machines,  and 
all  bench,  vise  work  and  transportation,  etc. 

C. — Time  study  for  all  operations  done  by  the  various 
machines. 

T). — The  balance  of  all  materials,  raw  materials,  stores  and 
finished  parts,  and  the  balance  of  the  work  ahead  for  each  class 
of  machines  and  workmen. 

E. — The  analysis  of  all  inquiries  for  new  work  received  in  the 
sales  department  and  promises  for  time  of  delivery. 

F. — The  cost  of  all' items  manufactured  with  complete  expense 
analysis  and  complete  monthly  comparative  cost  and  expense 
exhibits. 
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G. — The  pay  department. 

II. — The  Mnemonic  Symbol  System  for  identification  of  parts 
and  for  charges. 

I. — Information  bureau. 

J.- — Standards. 

K. — Maintenance  of  system  and  plant,  and  use  of  the  tickler. 

L. — Messenger  system  and  post  office  delivery. 

M. — Employment  bureau. 

N^. — The  shop  disciplinarian. 

O. — A  mutual  accident  insurance  association. 

P. — Rush  order  department. 

Q. — Improvement  of  system  or  plant. 

259.  A. —  The  Complete  Analysis  of  All  Orders- for  Machines  or 

Work  Taken  hy  the  Company. 

This  analysis  should  indicate  the  designing  and  drafting  re- 
quired, the  machines  or  parts  to  be  purchased  and  all  data  needed 
by  the  purchasing  agent,  and  as  soon  as  the  necessary  drawings 
and  information  come  from  the  drafting  room  the  lists  of  pat- 
terns, castings  and  forgings  to  be  made,  together  with  all  instruc- 
tions for  making  them,  including  general  and  detail  drawing, 
piece  number,  the  Mnemonic  Symbol  belonging  to  each  piece  (as 
referred  to  in  '^  H  ") — a  complete  analysis  of  the  successive 
operations  to  be  done  on  each  piece,  and  the  exact  route  which 
each  piece  is  to  travel  from  place  to  place  in  the  works. 

260.  B. — Tinie  Study  for  All  Work  Done  hy  Hand  Throughout 
the  Woi'ks,  Including  That  Done  in  Setting  the  Work  in  Ma- 
chines, and  All  Bench,  Vise  Woi^k,  and  Transportation,  etc. 

This  information  for  each  particular  operation  should  be  ob- 
tained by  summing  up  the  various  "  unit  times  ''  of  which  it 
consists.  To  do  this,  of  course,  requires  the  men  performing  this 
function  to  keep  continually  posted  as  to  the  best  methods  and 
appliances  to  use,  and  also  to  frequently  consult  with  and  receive 
advice  from  the  executive  gang  bosses  who  carry  out  this  work 
in  the  shop,  and  from  the  man  in  the  department  of  standards 
and  maintenance  of  plant  (J)  beneath.  The  actual  study  of 
"  unit  times,"  of  course,  forms  the  greater  part  of  the  work  of 
this  section  of  the  planning  room. 
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201,  C. — TimG  Study  for  All   (yperations  Done  hy  the  Various 

Machines. 

This  information  is  best  obtained  from  slide  rules,  one  of 
which  is  made  for  each  machine  tool  or  class  of  machine  tools 
throughout  the  works;  one,  for  instance^  for  small  lathes  of  the 
same  type,  one  for  planers  of  same  type,  etc.  These  slide  rules 
show  the  best  way  to  machine  each  piece  and  enable  detailed 
directions  to  be  given  the  workman  as  to  how  many  cuts  to  take, 
where  to  start  each  cut,  both  for  roughing  out  work  and  finishing 
it,  the  depth  of  the  cut,  the  best  feed  and  speed,  and  the  exact 
time  required  to  do  each  operation. 

262.  The  information  obtained  through  function  '^  B,"  to- 
gether with  that  obtained  through  ''  C,"  afford  the  basis  for 
fixing  the  proper  piece  rate,  differential  rate  or  the  premium  to 
be  paid  (according  to.  the  system  employed). 


263.  D. —  The  Balance  of  All  Mater iaU,  Raw  Materials.,  Stores 
and  Finished  Parts^  and  the  Numhev  of  Days'  Work  Ahead 
for  Each  Class  of  Machines  and  Workmen. 

Returns  showing  all  receipts,  as  well  as  the  issue  of  all  raw 
materials,  stores,  partly  finished  work  and  completed  parts  and 
machines,  repair  parts,  etc.,  daily  pass  through  the  balance  clerk, 
and  each  item  of  which  there  have  been  issues  or  receipts,  or 
which  has  been  appropriated  to  the  use  of  a  machine  about  to  be 
manufactured,  is  daily  balanced.  Thus  the  balance  clerk  can 
see  that  the  required  stocks  of  materials  are  kept  on  hand  by 
notifying  at  once  the  purchasing  agent  or  other  proper  party 
when  the  amount  on  hand  fails  below  the  prescribed  figure.  The 
balance  clerk  should  also  keep  a  complete  running  balance  of  the 
hours  of  work  ahead  for  each  class  of  machines  and  workmen, 
receiving  for  this  purpose  daily  from  A,  B  and  C  statements  of 
the  hours  of  new  work  entered,  and  from  the  inspectors  and  daily 
time  cards  a  statement  of  the  work  as  it  is  finished.  He  should 
keep  the  manager  and  sales  department  posted  through  daily  or 
weekly  condensed  reports  as  to  the  number  of  days  of  work 
ahead  for  each  department,  and  thus  enable  them  to  obviate 
either  a  congestion  or  scarcitv  of  work. 
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2^4-.  E. —  TJtc  Analyf<if<  of  All   Inquiries  for  Xitn  Wmh  Ileciwed 
hi  the  Sal<s  Department  and  Promises  for  Time  of  Deliveri/. 

The  man  or  men  in  the  })lanning  room  who  performs  the  duties 
indicated  at  "  A  "  above  should  consult  with  B  and  C  and  obtain 
from  them  ap]>roximately  the  time  required  to  do  the  work  in- 
quired for,  and  from  D  tlie  days  of  work  ahead  for  the 
various  machines  and  departments,  and  inform  the  sales  depart- 
ment as  to  the  probable  time  required  to  do  the  work  and  the 
earliest  date  of  delivery. 

20.").  F. —  The  Cost  <^f  All  Items  ^[anufactured  With  Complete  Ex- 
pense AnaJ[isis  and  Complete  Monthly  Comparative  Cost  and 
Expense  Exh Hits. 

The  books  of  the  company  should  be  monthly  closed  and  bal- 
anced as  completely  as  they  usually  are  at  the  end  of  the  year, 
and  the  exact  cost  of  each  article  of  merchandise  finished  during 
the  previous  month  should  be  entered  on  a  comparative  co£t 
sheet.  The  expense  exhibit  should  also  be  a  comparative  sheet. 
The  cost  account  should  be  a  completely  balanced  account,  not 
a  memorandum  account  as  it  generally  is;  and  the  entire  expenses 
cf  the  establishment,  direct  and  indirect,  including  the  adminis- 
tration and  sales  expense,  should  be  charged  to  the  cost  of  the 
product  which  is  to  be  sold. 

20r».   G. —  TJie  Pay  Departrnent. 

The  pay  department  should  include  not  only  a  record  of  the 
time  and  wages  and  piece  work  earnings  of  each  man,  and  his 
weekly  or  monthly  payment,  but  the  entire  supervision  of  the 
arrival  and  departure  of  the  men  from  the  works  and  the  various 
checks  needed  to  insure  against  error  or  cheating.  It  is  desirable 
that  some  one  of  the  ''  exception  systems "  of  time  keeping 
should  be  used. 

267.  H. —  The  AInemonic  Symbol  System  for  Ident  if  cation  of 

Parts  and  for    Charycs. 

Some  one  of  the  Mnemonic  Symbol  Systems  should  be  used 
instead  of  numbering  the  parts  or  orders  for  identifying  the  vari- 
ous articles  of  manufacture,  as  well  as  the  operations  to  be  per- 
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formed  on  each  piece  and  the  various  expense  charges  of  the 
establishment.  This  becomes  a  matter  of  great  importance  when 
written  directions  are  sent  from  the  planning  room  to  the  men, 
and  the  men  make  their  returns  in  writing.  The  clerical  work 
and  chances  for  error  are  thereby  greatly  diminished. 

2G8.  I. — Information  Bureau. 

The  information  bureau  should  include  catalogues  of  drawings 
(providing  the  drafting  room  is  close  enough  to  the  planning 
room)  as  well  as  all  records  and  reports  for  the  whole  establish- 
ment. The  art  of  properly  indexing  information  is  by  no  means 
a  simple  one,  and  as  far  as  possible  it  should  be  centred  in  one 
man. 

269.  J. — Standards. 

The  adoption  and  maintenance  of  standard  tools,  fixtures  and 
appliances  down  to  the  smallest  item  throughout  the  works  and 
office,  as  well  as  the  adoption  of  standard  methods  of  doing  all 
operations  which  are  repeated,  is  a  matter  of  importance,  so  that 
under  similar  conditions  the  same  appliances  and  methods  shall 
be  used  throughout  the  plant.  This  is  an  absolutely  necessary 
preliminary  to  success  in  assigning  daily  tasks  which  are  fair  and 
which  can  be  carried  out  with  certainty. 


270.  K. — Maintenance  of  System  and  Plants  and  Use  of  the 

Tickler. 

One  of  the  most  important  functions  of  the  planning  room  is 
that  of  the  maintenance  of  the  entire  system,  and  of  standard 
methods  and  appliances  throughout  the  establishment,  including 
the  planning  room  itself.  An  elaborate  time  table  should  be 
made  out  showing  daily  the  time  when  and  place  where  each 
report  is  due,  which  is  necessary  to  carry  on  the  work  and  to 
maintain  the  system.  It  should  be  the  duty  of  the  member  of 
the  planning  room  in  charge  of  this  function  to  find  out  at  each 
time  through  the  day  when  reports  are  due,  whether  they  have 
been  received,  and  if  not,  to  keep  bothering  the  man  who  is 
behind  hand  until  he  has  done  his  duty.  Almost  all  of  the  re- 
ports, etc.,  going  in  and  out  of  the  planning  room  can  be  made 
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to  j>;iss  tlirougli  this  man.  As  a  mechanical  ai«l  to  him  in  per- 
forming his  function  the  tickh-r  is  invalnabh\  The  best  type  of 
tickh>r  is  one  which  has  a  portfolio  for  each  (hiy  in  the  year  hirge 
enough  to  insert  all  remindcM-s  and  even  (piitc  large  instruction 
cards  and  re]H)rts  without  folding.  In  nniintaining  methods  and 
appliances,  notices  should  be  i)laced  in  the  tickler  in  advance,  to 
come  out  at  proper  intervals  throughout  the  year  for  the  inspec- 
tion of  each  element  of  the  system  and  the  inspection  and  over- 
hauling of  all  standards  as  Avell  as  the  examination  and  repairs 
at  stated  intervals  of  parts  of  machines,  boilers,  engines,  belts, 
etc.,  likely  to  wear  out  or  give  trouble,  thus  preventing  break- 
downs and  delays.  One  tickler  can  be  used  for  the  entire  works 
and  is  preferable  to  a  number  of  individual  ticklers;  each  man 
can  remind  himself  of  his  various  small  routine  duties  to  be  per- 
formed either  daily  or  weekly,  etc.,  and  which  might  be  other- 
wise overlooked  by  sending  small  reminders,  written  on  slips  of 
paper,  to  be  placed  in  the  tickler  and  returned  to  him  at  the 
proper  time.  Both  the  tickler  and  a  thoroughly  systematized 
messenger  service  should  be  immediately  adjacent  to  this  man 
in  the  planning  room,  if  not  directly  under  his  management. 

271.  The  proper  execution  of  this  function  of  the  planning  room 
will  relieve  the  superintendent  of  some  of  the  most  vexatious  and 
time-consuming  of  his  duties  and  at  the  same  time  the  work  t^411 
be  done  more  thoroughly  and  cheaper  than  if  he  does  it  himself. 
By  the  adoption  of  standards  and  the  use  of  instruction  cards 
for  overhauling  machinery,  etc..  and  the  use  of  a  tickler  as  above 
described,  the  writer  reduced  the  repair  force  of  the  Midvale 
Steel  Works  to  one-third  its  size  while  he  w^as  in  the  position 
of  master  mechanic.  (There  was  no  planning  department,  how- 
ever, in  the  works  at  that  time.) 

272.  L. — Messenger  System  and  Post  Ojjice  Delivery. 

The  messenger  system  should  be  thoroughly  organized  and 
records  kept  showing  which  of  the  boys  are  the  most  efficient. 
This  should  afford  one  of  the  best  opportunities  for  selecting 
boys  fit  to  be  taught  trades,  as  apprentices  or  otherwise. 

273.  There  should  be  a  regular  half  hourly  post  office  delivery 
system  for  collecting  and  distributing  routine  reports  and  records 
and  messages  in  no  especial  hurry  throughout  the  works. 
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274.  M. — Kntployment  B^ireau. 

Tho  selection  of  the  iiieii  who  are  eni])loyed  to  fill  vacancies 
or  new  positions  should  receive  the  most  careful  thought  and 
attention  and  should  be  under  the  supervision  of  a  competent 
man  who  will  in(]uire  into  the  experience  and  especial  fitness  and 
character  of  applicants  and  keep  constantly  revised  lists  of  men 
suitable  for  the  various  positions  in  the  shop.  In  this  section 
of  the  planning  room  an  individual  record  of  each  of  the  men  in 
the  works  can  well  be  kept  showing  his  punctuality,  absence  with- 
out excuse,  violation  of  shop  rules,  spoiled  work  or  damage  to 
machines  or  tools,  as  well  as  lis  skill  at  various  kinds  of  w^ork; 
average  earnings,  and  other  good  qualities,  for  the  use  of  this 
department  as  well  as  the  shop  disciplinarian. 

275.  N. —  Tlie  Shop  Disciplinarian. 

This  man  may  well  be  closely  associated  with  the  employment 
bureau  and,  if  the  w^orks  is  not  too  large,  the  two  functions  can 
be  performed  by  the  same  man.  The  knowledge  of  character 
and  of  the  qualities  needed  for  various  positions  acquired  in  dis- 
ciplining the  men  should  be  useful  in  selecting  them  for  employ- 
ment. This  man  should,  of  course,  consult  constantly  with  the 
various  foremen  and  bosses,  both  in  his  function  as  disciplinarian 
and  in  the  employment  of  men. 

276.  O. — A  Mutual  Accident  Insurance  Association. 

A  Mutual  Accident  Insurance  Association  should  be  estab- 
lished, to  which  the  company  contributes  as  well  as  the  men. 
I'lie  object  of  this  Association  is  twofold :  First,  the  relief  of  men 
who  are  injured,  and  second,  an  opportunity  of  returning  to  the 
workmen  all  fines  which  are  imposed  upon  them  in  disciplining 
them,  and  for  damage  to  company's  property  or  work  spoiled. 

277.  P. — Rush  Order  Depart7nent. 

Hurrying  through  parts  which  have  been  spoiled  or  have  de- 
veloped defects,  and  also  special  repair  orders  for  customers, 
should  receive  the  attention  of  one  man. 
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27S.  Q. — liiiprovemcnl  of  System  or  Pi anf. 

Olio  man  should  be  especially  charged  with  tlie  work  of  im- 
provenient  in  the  system  and  in  the  running  of  the  plant. 

27t).  'Jliis  type  of  organization  has  such  an  appearance  of  com- 
plication and  there  are  so  many  new  positions  outlined  in  the 
planning  room  which  do  not  exist  even  in  a  well  managed  estab- 
lishment of  the  old  school,  that  it  seems  desirable  to  again  call 
attention  to  the  fact  that,  with  the  exception  of  the  study  of  unit 
times  and  one  or  two  minor  functions,  each  item  of  work  which 
is  performed  in  the  planning  room  with  the  superficial  appear- 
ance of  great  complication  must  also  be  performed  by  the  work- 
men in  the  shop  under  the  old  type  of  management,  with  its 
single  cheap  foreman  and  the  appearance  of  great  simplicity.  In 
the  first  case,  however,  the  work  is  done  by  an  especially  trained 
body  of  men  who  work  together  like  a  smoothly  running  ma- 
chine, and  in  the  second  by  a  much  larger  number  of  men  very 
poorly  trained  and  ill-fitted  for  this  work,  and  each  of  whom 
while  doing  it  is  taken  away  from  some  other  job  for  which  he  is 
well  trained.  The  work  which  is  now  done  by  one  sewing 
machine,  intricate  in  its  appearance,  was  formerly  done  by  a 
number  of  women  with  no  apparatus  beyond  a  simple  needle  and 
thread. 

280.  There  is  no  question  that  the  cost  of  production  is  lowered 
by  separating  the  work  of  planning  and  the  brain  work  as  much  as 
possible  from  the  manual  labor.  When  this  is  done,  however,  it 
is  evident  that  the  brain  workers  must  be  given  sufficient  work  to 
keep  them  fully  busy  all  the  time.  They  must  not  be  allow^ed  to 
stand  around  for  a  considerable  part  of  their  time  waiting  for 
their  particular  kind  of  work  to  come  along,  as  is  so  frequently 
the  case. 

281.  The  belief  is  almost  universal  among  manufacturers  that 
for  economy  the  number  of  brain  workers  (or  non-producers,  as 
they  are  called)  should  be  as  small  as  possible  in  proportion  to  the 
number  of  producers  {i.e. — those  who  actually  work  with  their 
hands).  An  examination  of  the  most  successful  establishments 
will,  however,  show  that  the  reverse  is  true.  A  number  of  years 
ago  the  writer  made  a  careful  study  of  the  proportion  of  pro- 
ducers to  non-producers  in  three  of  the  largest  and  most  success- 
ful companies  in  the  world,  who  were  engaged  in  doing  the  same 
work  in  a  general  way.     One  of  these  companies  was  in  France, 
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one  in  Germany,  and  one  in  the  United  States.  Being  to  a 
certain  extent  rivals  in  business  and  situated  in  different 
countries,  naturally  neither  one  had  anything  to  do  with  the 
management  of  the  other;  and  in  the  course  of  his  investigation, 
the  writer  found  that  the  managers  had  never  even  taken  the 
trouble  to  ascertain  the  exact  proportion  of  non-producers  to  pro- 
ducers in  their  respective  works;  so  that  the  organization  of  each 
company  was  an  entirely  independent  evolution. 

282.  By  ^'  non-producers,''  the  Avriter  means  such  employees  as 
all  of  the  general  officers,  the  clerks,  foremen,  gang  bosses,  watch- 
men, messenger  boys,  draftsmen,  salesmen,  etc. ;  and  by  "  pro- 
ducers,'' only  those  who  actually  work  with  their  hands. 

In  the  French  and  German  works  there  was  found  to  be  in 
each  case  one  non-producer  to  between  six  and  seven  producers, 
and  in  the  American  works  one  non-producer  to  about  seven 
producers.  The  writer  found  that  in  the  case  of  another  works, 
doing  the  same  kind  of  business  and  whose  management  was 
notoriously  bad,  the  proportion  of  non-producers  to  producers 
was  one  non-producer  to  about  eleven  producers.  These  companies 
all  had  large  forges,  foundries,  rolling  mills  and  machine  shops 
turning  out  a  miscellaneous  product,  much  of  which  was  ma- 
chined. They  turned  out  a  highly  wrought,  elaborate  and  exact 
finished  product,  and  did  an  extensive  engineering  and  miscel- 
laneous machine  construction  business. 

283.  In  the  case  of  a  company  doing  a  manufacturing  business 
with  a  uniform  and  simple  product  for  the  maximum  economy,  the 
number  of  producers  to  each  non-producer  would  of  course  be 
larger.  Xo  manager  need  feel  alarmed  then  when  he  sees  the 
number  of  non-producers  increasing  in.  proportion  to  producers, 
providing  the  non-producei's  are  busy  all  of  their  time,  and  pro- 
viding, of  course,  that  in  each  case  they  are  doing  efficient  work. 

284.  It  would  seem  almost  unnecessary  to  dwell  upon  the  desir- 
ability of  standardizing,  not  only  all  of  the  tools,  appliances  and 
implements  throughout  the  works  and  office,  but  also  the  methods 
to  be  used  in  the  multitude  of  small  operations  which  are  repeated 
day  after  day.  There  are  many  good  managers  of  the  old  school, 
however,  who  feel  that  this  standardization  is  not  only  unneces- 
sary but  that  it  is  undesirable,  their  principal  reason  being  that 
it  is  better  to  allow  each  workman  to  develop  his  individuality 
by  choosing  the  particular  implements  and  methods  which  suit 
him  best.     And  there  is  considerable  weight  in  this  contention 
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when  the  seheinc  of  iiianagement  is  to  allow  eacli  workman  to  do 
the  work  as  he  pleases  and  hold  him  responsible  for  results.  Un- 
fortunately, in  ninety-nine  out  of  a  hundred  such  cases  ordy  the 
first  part  of  this  plan  is  carried  out.  The  workman  chooses  his 
own  methods  and  iuijdements,  but  is  not  ukld  in  any  strict  sp:nse 
ACCOUNTABLE  uulcss  the  quulitv  of  the  work  is  so  poor  or  the 
quantity  turned  out  is  so  small  as  to  almost  amount  to  a  scandal. 
In  the  type  of  management  advocated  by  the  writer,  this  com- 
plete standardization  of  all  details  and  methods  is  not  only  desir- 
able but  alsolutely  indispensable  as  a  preliminary  to  specifying 
the  time  in  which  each  operation  shall  be  done,  and  then  insisting 
that  it  shall  be  done  within  the  time  allowed. 

285.  JN'eglecting  to  take  the  time  and  trouble  to  thoroughly 
standardize  all  of  such  methods  and  details  is  one  of  the  chief 
causes  for  setbacks  and  failure  in  introducing  this  system.  Much 
better  results  can  be  attained,  even  if  poor  standards  be  adopted, 
than  can  be  reached  if  some  of  a  given  class  of  implements  are  the 
best  of  their  kind  while  others  are  poor.  It  is  uniformity  that  is 
required.  Better  have  them  uniformly  second  class  than  mainly 
first  with  some  second  and  some  third  class  thrown  in  at  random. 
In  the  latter  case  the  workmen  will  almost  always  adopt  the  pace 
which  conforms  to  the  third  class  instead  of  the  first  or  second. 
In  fact,  however,  it  is  not  a  matter  involving  any  great  expense 
or  time  to  select  in  each  case  standard  implements  which  sliall  be 
nearly  the  best  or  the  best  of  their  kinds.  The  writer  has  never 
failed  to  make  enormous  gains  in  the  economy  of  running  by  the 
adoption  of  standards. 

286.  It  was  in  the  course  of  making  a  series  of  experiments  with 
various  air  hardening  tool  steels  with  a  view  to  adopting  a 
standard  for  the  Bethlehem  works  that  Mr.  White,  together  with 
the  writer,  discovered  the  Taylor-White  process  of  treating  tool 
steel,  which  marks  a  distinct  im^^rovement  in  the  art ;  and  the 
fact  that  this  improvement  was  made  not  by  manufacturers  of 
tool  sieel  but  in  the  course  of  the  adoption  of  standards,  shows 
both  the  necessity  and  fruitfulness  of  methodical  and  careful  in- 
vestigation in  the  choice  of  much  neglected  details.  The  econ- 
omy to  be  gained  through  the  adoption  of  uniform  standards  is 
hardly  realized  at  all  by  the  managers  of  this  country.  ]^o  better 
illustration  of  this  fact  is  needed  than  that  of  the  present  con- 
dition of  the  cutting  tools  used  throughout  the  machine  shops  of 
the  United  States.     Hardly  a  shop  can  be  found  in  which  tools 
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made  from  a  dozen  different  qualities  of  steel  are  not  used  side 
by  side,  in  many  eases  witli  little  or  no  means  of  telling  one  make 
from  another ;  and  in  addition,  the  shape  of  the  entting  edge  of 
the  tool  is  in  most  cases  left  to  the  fancy  of  each  individual  work- 
man. When  one  realizes  that  the  cutting  speed  of  the  be-st 
treated  air  hardening  steel  is  for  a  given  depth  of  cut,  feed  and 
quality  of  metal  being  cut,  say  sixty  feet  per  minute,  while  with 
the  same  shaped  tool  made  from  the  best  carbon  tool  steel  and 
with  the  same  conditions,  the  cutting  speed  will  be  only  twelve 
feet  per  minute,  it  becomes  apparent  how  little  the  necessity  for 
rigid  standards  is  appreciated. 

287.  As  another  illustration:  The  machines  of  the  country  are 
still  driven  by  belting.  The  motor  drive,  while  it  is  coming,  is 
still  in  the  future.  There  is  not  one  establishment  in  one  hundred 
that  does  not  leave  the  care  and  tightening  of  the  belts  to  the  judg- 
ment of  the  individual  who  runs  the  machine,  although  it  is  well 
known  to  all  who  have  given  any  study  to  the  subject  that  the 
most  skilled  machinist  cannot  properly  tighten  a  belt  without  the 
use  of  belt  clamps  fitted  with  spring  balances  to  properly  register 
the  tension.  And  the  writer  showed  in  a  paper  presented  to  this 
Society  in  1893,  giving  the  results  of  an  experiment  tried  on  all 
of  the  belts  in  a  machine  shop  and  extending  through  nine' years, 
in  which  every  detail  of  the  care  and  tightening  and  tension  of 
each  belt  was  recorded,  that  belts  properly  cared  for  according 
to  a  standard  method  by  a  trained  laborer  would  average  twice 
the  pulling  power  and  only  a  fraction  of  the  interruptions  to 
manufacture  of  those  tightened  according  to  the  usual  methods. 
The  loss  now  going  on  throughout  the  country  from  failure  to 
adopt  and  maintain  standards  for  all  small  details  is  simply  enor- 
mous. 

It  is,  however,  a  good  sign  for  the  future  that  a  firm  such  as 
Messrs.  Dodge  &  Day  of  Philadelphia,  who  are  making  a  spe- 
cialty of  standardizing  machine  shop  details,  find  their  time  fully 
occupied. 

288.  What  may  be  called  the  "  Exception  Principle  "  in  man- 
agement is  coming  more  and  more  into  use;  although  like  many  of 
the  other  elements  of  this  art,  it  is  used  in  isolated  cases,  and  in 
most  instances  without  recognizing  it  as  a  principle  which  should 
extend  throughout  the  entire  field.  It  is  not  an  uncommon  sight, 
though  a  sad  one,  to  see  the  manager  of  a  large  business  fairly 
swamped  at  his  desk  wdth  an  ocean  of  letters  and  reports,  on  each 
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of  which  ]\v  tliinks  that  he  should  j)ut  his  initial  or  stamp.  He 
feels  that  by  having  this  mass  of  detail  i)ass  over  his  desk  he  is 
keeping  in  close  touch  with  the  entire  business.  The  exception 
principle  is  directly  the  reverse  of  this.  Knder  it  the  manager 
should  receive  only  condensed,  summarized,  and  invariablv  com- 
parative reports,  covering,  however,  all  of  the  elements  entering 
into  the  management,  and  even  these  summaries  should  all  be 
carefully  gone  over  by  an  assistant  before  they  reach  the  man- 
ager, and  have  all  of  the  exceptions  to  the  past  averages  or  to  the 
standards  pointed  out,  both  the  especially  good  and  especially  bad 
exceptions,  thus  giving  him  in  a  few  minutes  a  full  view  of  prog- 
ress which  is  being  made,  or  the  reverse,  and  leaving  him  free  to 
consider  the  broader  lines  of  policy  and  to  study  the  character 
and  fitness  of  the  important  men  under  him.  The  exception 
principle  can  be  applied  in  many  ways,  and  the  writer  will 
endeavor  to  give  some  further  illustrations  of  it  later. 

289.  The  writer  has  dwelt  at  length  upon  the  desirability  of 
concentrating  as  much  as  possible  clerical  and  brain  work  in  the 
planning  department.  There  is,  however,  one  such  important 
exception  to  this  rule  that  it  would  seem  desirable  to  call  atten- 
tion to  it.  As  already  stated,  the  planning  room  gives  its  orders 
and  instructions  to  the  men  mainly  in  writing,  and  of  necessity 
must  also  receive  prompt  and  reliable  w^ritten  returns  and  reports 
which  shall  enable  its  members  to  issue  orders  for  the  next  move- 
ment of  each  piece,  lay  out  the  work  for  each  man  for  the  follow- 
ing day,  properly  post  the  balance  of  work  and  materials  accounts, 
enter  the  records  on  cost  accounts  and  also  enter  the  time  and  pay 
of  each  man  on  the  pay  sheet.  There  is  no  question  that  all  of 
this  information  can  be  given  both  better  and  cheaper  by  the 
workman  direct  than  through  the  intermediary  of  a  walking  time 
keeper,  providing  the  proper  instruction  and  report  system  has 
been  introduced  in  the  Avorks  with  carefully  ruled  and  printed 
instruction  and  return  cards,  and  particularly  providing  a  com- 
plete Mnemonic  system  of  symbols  has  been  adopted  so  as  to  save 
the  workmen  the  necessity  of  doing  much  writing.  The  principle 
to  Avhicli  the  writer  wishes  to  call  particular  attention  is  that  the 
only  way  in  which  workmen  can  be  induced  to  write  out  all  of 
this  information  accurately  and  promptly  is  by  having  each  man 
write  his  own  time  while  on  day  work  and  pay  when  on  piece 
work  on  the  same  card  on  which  he  is  to  enter  the  other  desired 
information,  and  then  refusing  to  enter  his  pay  on  the  pay  sheet 


1410  SHOP    MANAGEMENT. 

until  after  all  of  the  required  information  has  been  correctly 
given  by  him.  Under  this  system  as  soon  as  a  workman  com- 
pletes a  job  and  at  quitting  time,  whether  the  job  is  completed  or 
not,  he  writes  on  a  printed  time  card  all  of  the  information 
needed  by  the  planning  room  in  connection  with  that  job,  signs  it 
and  forwards  it  at  once  to  the  planning  room.  On  arriving  in 
the  planning  room  each  time  card  passes  through  the  order  of 
work  or  route  clerk,  the  balance  clerk,  the  cost  clerk,  etc.,  on  its 
way  to  the  pay  sheet,  and  unless  the  workman  has  written  the 
desired  information  the  card  is  sent  back  to  him,  and  he  is  apt  to 
correct  and  return  it  promptly  so  as  to  have  his  pay  entered  up. 
The  principle  is  clear  that  if  one  wishes  to  have  routine  clerical 
work  done  promptly  and  correctly  it  should  somehow  be  attached 
to  the  pay  card  of  the  man  who  is  to  give  it.  This  principle,  of 
course,  applies  to  the  information  desired  from  inspectors,  gang 
bosses  and  others  as  well  as  workmen,  and  to  reports  required 
from  various  clerks.  In  the  case  of  reports,  a  pay  coupon  can  be 
attached  to  the  report  which  will  be  detached  and  sent  to  the  pay 
sheet  as  soon  as  the  report  has  been  found  correct. 

290.  Before  starting  to  make  any  radical  changes  leading  to- 
ward an  improvement  in  the  system  of  management,  it  is  desir- 
able, and  for  ultimate  success  in  most  cases  necessary,  that  the 
directors  and  the  important  owners  of  an  enterprise  shall  be 
made  to  understand,  at  least  in  a  general  way,  what  is  involved  in 
the  change.  They  should  be  informed  of  the  leading  objects 
which  the  new  system  aims  at,  such,  for  instance,  as  rendering 
mutual  the  interests  of  employer  and  employee  through  '^  high 
wages  and  a  low  labor  cost,"  the  gradual  selection  and  develop- 
ment of  a  body  of  first  class  picked  workmen  who  will  work  extra 
hard  and  receive  extra  high  wages  and  be  dealt  Avith  individually 
instead  of  in  masses;  and  that  this  can  only  be  accomplished 
through  the  adoption  of  precise  and  exact  methods,  and  having 
each  smallest  detail,  both  as  to  methods  and  appliances,  carefully 
selected  so  as  to  be  the  best  of  its  kind.  They  should  understand 
the  general  philosophy  of  the  system  and  should  see  that,  as  a 
whole,  it  must  be  in  harmony  with  its  few  leading  ideas,  and  that 
principles  and  details  which  are  admirable  in  one  type  of  man- 
agement have  no  place  whatever  in  another.  They  should  be 
shown  that  it  pays  to  employ  an  especial  corps  to  introduce  a  new 
system  just  as  it  pays  to  employ  especial  designers  and  workmen 
to  build  a  new  plant;  that,  while  a  new  system  is  being  intro- 
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duccd,  almost  twice  the  nnnibcr  of  forcinfii  are  required  as  are 
needed  to  run  it  after  it  is  in;  that  all  of  this  costs  money,  but 
that,  unlike  a  new  plant,  returns  begin  to  come  in  almost  from 
the  start  from  improved  methods  aiul  appliances  as  they  are 
introduced,  and  that  in  most  cases  the  new  system  more  than  pays 
for  itself  as  it  goes  along;  that  time,  and  a  great  deal  of  time, 
is  involved  in  a  radical  change  in  management,  and  that  in  the 
case  of  a  large  works  if  they  are  incapable  of  looking  ahead  and 
patiently  waiting  for  from  two  to  four  years,  they  had  better  leave 
things  just  as  they  are,  since  a  change  of  system  involves  a  change 
in  the  ideas,  point  of  view  and  habits  of  many  men  with  strong  con- 
victions and  prejudices,  and  that  this  can  only  be  brought  about 
slowly  and  chiefly  through  a  series  of  object  lessons,  each  of  which 
takes  time,  and  through  continued  reasoning;  and  that  for  this  rea- 
son, after  deciding  to  adopt  a  given  type,  the  necessary  steps  should 
be  taken  as  fast  as  possible,  one  after  another,  for  its  introduction. 
They  should  be  convinced  that  an  increase  in  the  proportion  of 
non-producers  to  producers  means  increased  economy  and  not  red 
tape,  providing  the  non-producers  are  kept  busy  at  their  respec- 
tive functions.  They  should  be  prepared  to  lose  some  of  their 
valuable  men  who  cannot  stand  the  change  and  also  for  the  con- 
tinued indignant  protest  of  many  of  their  old  and  trusted  em- 
ployees who  can  see  nothing  but  extravagance  in  the  new  w^ays 
and  ruin  ahead.  It  is  a  matter  of  the  first  importance  that,  in 
addition  to  the  directors  of  the  company,  all  of  those  connected 
with  the  management  should  be  given  a  broad  and  comprehensive 
view^  of  the  general  objects  to  be  attained  and  the  means  which 
will  be  employed.  They  should  fully  realize  before  starting  on 
their  w-ork  and  should  never  lose  sight  of  the  fact  that  the  great 
object  of  the  new  organization  is  to  bring  about  two  momentous 
changes  in  the  men : 

291.  First.  A  complete  revolution  in  their  mental  attitude  to- 
ward their  employers  and  their  work ;  and 

Second.  As  a  result  of  this  change  of  feeling  such  an  increase 
in  their  determination  and  physical  activity,  and  such  an  im- 
provement in  the  conditions  under  which  the  work  is  done  as  will 
result  in  many  cases  in  their  turning  out  from  two  to  three  times 
as  much  w^ork  as  they  have  done  in  the  past. 

292.  First,  then,  they  must  be  brought  to  see  that  the  new  sys- 
tem changes  their  employers  from  antagonists  to  friends  w^ho  are 
w^orking  as  hard  as  possible  side  by  side  with  them,  all  pushing 
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ill  the  same  direction  and  all  helping  to  bring  about  such  an  in- 
crease in  the  output  and  to  so  cheapen  the  cost  of  production  that 
the  men  will  be  paid  permanently  from  thirty  to  one  hundred 
per  cent,  more  than  they  have  earned  in  the  past,  and  that  there 
will  still  be  a  good  profit  left  over  for  the  company.  At  first 
workmen  cannot  see  why,  if  they  do  twice  as  much  work  as  they 
have  done,  they  should  not  receive  twice  the  wages.  When  the 
matter  is  properly  explained  to  them  and  they  have  time  to  think 
it  over,  they  will  see  that  in  most  cases  the  increase  in  output  is 
quite  as  much  due  to  the  improved  appliances  and  methods,  to 
the  maintenance  of  standards  and  to  the  great  help  which  they 
receive  from  the  men  over  them  as  to  their  own  harder  work ; 
and  they  will  realize  that  the  company  must  pay  for  the  introduc- 
tion of  the  improved  system,  which  costs  sometimes  thousands 
of  dollars,  and  also  the  salaries  of  the  additional  foremen  and 
of  the  clerks,  etc.,  in  the  planning  room  as  well  as  tool  room  and 
other  expenses,  and  that,  in  addition,  the  company  is  entitled  to 
an  increased  profit  quite  as  much  as  they  are.  All  but  a  few  of 
them  Avill  come  to  understand  in  a  general  way  that  under  the 
new  order  of  things  they  are  co-operating  with  their  employers 
to  make  as  great  a  saving  as  possible  and  that  they  will  receive 
permanently  their  fair  share  of  this  gain. 
.293.  Second.  After  the  men  acquiesce  in  the  new  order  of 
things  and  are  willing  to  do  their  part  toward  cheapening  produc- 
tion, it  will  take  time  for  them  to  change  from  their  old  easy-going 
ways  to  a  higher  rate  of  speed,  and  to  learn  to  stay  steadily  at 
their  work,  think  ahead  and  make  every  minute  count.  A 
certain  percentage  of  them,  with  the  best  of  intentions,  will  fail 
in  this  and  find  that  they  have  no  place  in  the  new  organization, 
while  still  others,  and  among  them  some  of  the  best  workers  who 
are,  however,  either  stupid  or  stubborn,  can  never  be  made  to 
see  that  the  new  system  is  as  good  as  the  old;  and  these,  too, 
must  drop  out.  Let  no  one  imagine,  however,  that  this  great 
0^  change  in  the  mental  attitude  of  the  men  and  the  increase  in 

their  activity  can  be  brought  about  by  merely  talking  to  them. 
Talking  will  be  most  useful  (in  fact  indispensable),  and  no  oppor- 
tunity should  be  lost  of  explaining  matters  to  them  patiently,  one 
man  at  a  time,  and  giving  them  every  chance  to  express  their 
views. 

294.  Their  real  instruction,  however,  must  come  through  a  se- 
ries of  object  lessons.  Theymust  be  convinced  that  a  great  increase 
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in  speed  is  possible  by  seeing  here  and  there  a  man  among  them 
increase  his  pace  and  double  or  treble  his  output.  They  must 
see  this  pace  nuiintained  until  they  are  convinced  that  it  is  not 
a  mere  spurt;  and,  most  important  of  all,  they  must  see  the  men 
who  '^  get  there  "  in  this  way  receive  a  proper  increase  in  wages 
and  become  satisfied.  It  is  only  with  these  object  lessons  in 
plain  sight  that  the  new  theories  can  be  made  to  stick.  It  will 
be  in  presenting  these  object  lessons  and  in  smoothing  away  the 
difficulties  so  that  the  high  speed  can  be  maintained,  and  in  assist- 
ing to  form  public  opinion  in  the  shop,  that  the  great  efficiency 
of  functional  foremanship  under  the  direction  of  the  planning 
room  will  first  become  apparent. 

295.  In  reaching  the  final  high  rate  of  speed  which  shall  be 
steadily  maintained,  the  broad  fact  should  be  realized  that  the  men 
must  pass  through  several  distinct  phases,  rising  from  one  plane  of 
efficiency  to  another  until  the  final  level  is  reached.  First  they 
must  be  taught  to  work  under  an  improved  system  of  day  work. 
Each  man  must  learn  how  to  give  up  his  own  particular  way  of 
doing  things,  adapt  his  methods  to  the  many  new  standards  and 
grow  accustomed  to  receiving  and  obeying  directions  covering 
details  large  and  small  which  in  the  past  have  been  left  to  his 
individual  judgment.  At  first  the  workmen  can  see  nothing  in 
all  of  this  but  red  tape  and  useless  and  impertinent  interference, 
and  time  must  be  allowed  them  to  recover  from  their  irritation, 
not  only  at  this  but  at  every  stage  in  their  upward  march.  If 
they  have  been  classed  together  and  paid  uniform  wages  for  each 
class,  the  better  men  should  be  singled  out  and  given  higher 
wages  so  that  they  shall  distinctly  recognize  the  fact  that  each 
man  is  to  be  paid  according  to  his  individual  worth.  After 
becoming  accustomed  to  direction  in  minor  matters,  they  must 
gradually  learn  to  obey  instructions  as  to  the  pace  at  which  they 
are  to  work,  and  grasp  the  idea,  first,  that  the  planning  depart- 
ment knows  accurately  how  long  each  operation  should  take;  and 
second,  that  sooner  or  later  they  will  have  to  work  at  the  required 
speed  if  they  expect  to  prosper.  After  they  are  used  to  follow- 
ing the  speed  instructions  given  them,  then  one  at  a  time  they 
can  be  raised  to  the  level  of  maintaining  a  rapid  pace  throughout 
the  day.  And  it  is  not  until  this  final  step  has  been  taken  that 
the  full  measure  of  the  value  of  the  new  system  will  be  felt  by 
the  men  through  daily  receiving  larger  wages,  and  by  the  com- 
pany through  a  materially  larger  output  and  lower  cost  of  pro- 


1414  SHOP    MANAGEMENT. 

duction.  It  is  evident,  of  course,  that  all  of  the  workmen  in  the 
shop  will  not  rise  together  from  one  level  to  another.  Those 
engaged  in  certain  lines  of  work  will  have  reached  their  final 
high  speed  while  others  have  barely  taken  the  first  step.  The 
efforts  of  the  new  management  should  not  be  spread  out  thin 
over  the  whole  shop.  They  should  rather  be  focussed  upon  a 
few  points,  leaving  the  ninety  and  nine  under  the  care  of  their 
former  shepherds.  After  the  efficiency  of  the  men  who  are 
receiving  especial  assistance  and  training  has  been  raised  to  the 
desired  level,  the  means  for  holding  them  there  should  be  per- 
fected, and  they  should  never  be  allowed  to  lapse  into  their 
old  ways.  This  will,  of  course,  be  accomplished  in  the  most 
permanent  way  and  rendered  almost  automatic,  either  through 
introducing  "  task  work  with  a  bonus ''  or  the  '^  differential 
rate." 

Before  taking  any  steps  toward  changing  methods  the  man- 
ager should  realize  that  at  no  time  during  the  introduction  of  the 
system  should  any  broad,  sweeping  changes  be  made  which  seri- 
ously affect  a  large  number  of  the  workmen.  It  would  be 
preposterous,  for  instance,  in  going  from  day  to  piece  work  to 
start  a  large  number  of  men  on  piece  work  at  the  same  time. 
Throughout  the  early  stages  of  organization  each  change  made 
should  affect  one  workman  only,  and  after  the  single  man  affected 
has  become  used  to  the  new  order  of  things,  then  change  one  man 
after  another  from  the  old  system  to  the  new,  slowly  at  first,  and 
rapidly  as  public  opinion  in  the  shop  swings  around  under  the 
influence  of  proper  object  lessons.  Throughout  a  considerable 
part  of  the  time,  then,  there  Avill  be  two  distinct  systems  of  man- 
agement in  operation  in  the  same  shop ;  and  in  many  cases  it  rs 
desirable  to  have  the  men  working  under  the  new  system  man- 
aged by  an  entirely  different  set  of  foremen,  etc.,  from  those 
under  the  old. 

296.  The  first  step,  after  deciding  upon  the  type  of  organiza- 
tion, should  be  the  selection  of  a  competent  man  to  take  charge  of 
the  introduction  of  the  new  system;  and  the  manager  should 
think  himself  fortunate  if  he  can  get  such  a  man  at  almost  any 
price,  since  the  task  is  a  difficult  and  thankless  one  and  but  few 
men  can  be  found  who  possess  the  necessary  information  coupled 
vnth  the  knowledge  of  men,  the  nerve,  and  the  tact  required  for 
success  in  this  work.  The  manager  should  keep  himself  free  as 
far  as  possible  from  all  active  part  in  the  introduction  of  the  new 
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sj'Stem.  While  changes  are  going  on  it  will  re(jiiirc  his  entire 
energies  to  see  that  there  is  no  falling  off  in  the  efficiency  of  the 
old  system  and  that  the  quality  and  quantity  of  the  output  is 
kept  up.  The  mistake  which  is  usually  made  when  a  change  in 
system  is  decided  upon  is  that  the  manager  and  his  principal 
assistants  undertake  to  make  all  of  the  improvements  themselves 
during  their  spare  time,  with  the  common  result  that  weeks, 
months  and  years  go  by  without  anything  great  being  accom- 
plished. The  respective  duties  of  the  manager  and  the  man  in 
charge  of  improvement,  and  the  limits  of  the  authority  of  the 
latter  should  be  clearly  defined  and  agreed  upon,  always  bearing 
in  mind  that  responsibility  should  invariably  be  accompanied  by 
its  corresponding  measure  of  authority. 

The  worst  mistake  that  can  be  made  is  to  refer  to  any  part  of 
the  new  system  as  being  ^^  on  trial.''  Once  a  given  step  is  decided 
upon,  all  parties  must  be  made  to  understand  that  it  will  go 
whether  any  one  around  the  place  likes  it  or  not.  In  making 
changes  in  system  the  things  that  are  given  a  ^^  fair  trial ''  fail, 
while  the  things  that  "  must  go,"  go  all  right. 

297.  To  decide  wdiere  to  begin  is  a  perplexing  and  bewildering 
problem  which  faces  the  reorganizer  in  management  when  he  ar- 
rives in  a  large  establishment.  In  making  this  decision,  as  in  tak- 
ing each  subsequent  step,  the  most  important  consideration,  which 
should  always  be  first  in  the  mind  of  the  reformer,  is  ^'  what  effect 
vdll  this  step  have  upon  the  workmen  ?  "  Through  some  means  (it 
would  almost  appear  some  especial  sense),  the  workman  seems  to 
scent  the  approach  of  a  reformer  even  before  his  arrival  in  town. 
Their  suspicions  are  thoroughly  aroused,  and  they  are  on  the 
alert  for  sweeping  changes  wdiich  are  to  be  against  their  interests 
and  which  they  are  prepared  to  oppose  from  the  start.  The  first 
changes,  therefore,  should  be  such  as  to  allay  the  suspicions  of 
the  men  and  convince  them  by  actual  contact  that  the  reforms 
are  after  all  rather  harmless.  Such  improvements  then  as 
directly  affect  the  workmen  least  should  be  started  first.  At  the 
same  time  it  must  be  remembered  that  the  whole  operation  is  of 
necessity  so  slow  that  the  new  system  should  be  started  at  as 
many  points  as  possible,  and  constantly  pushed  as  hard  as  pos- 
sible. A  start  can  be  made  at  once  along  all  of  the -following 
lines : 

298.  1.  The  introduction  of  standards  throughout  the  works 
and  office. 
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290.  2.  The  scientific  study  of  '^  unit  times  "  along  several  dif- 
ferent lines. 

300.  3.  A  complete  analysis  of  the  pulling,  feeding  power  and 
the  proper  speeding  of  the  various  machine  tools  throughout  the 
place  with  a  view  of  making  a  slide  rule  for  properly  running 
each  machine. 

301.  4.  The  work  of  establishing  the  system  of  time  cards  by 
means  of  which  ultimately  all  of  the  desired  information  will  be 
conveyed  from  the  men  to  the  planning  room. 

302.  5.  Overhauling  the  stores  issue  and  receiving  system  so  as 
to  establish  a  complete  running  balance  of  materials. 

303.  6.  Ruling  and  printing  the  various  blanks  that  will  be  re- 
quired for  shop  returns  and  reports,  time  cards,  instruction  cards, 
expense  sheets,  cost  sheets,  pay  sheet,  and  balance  records,  store 
room,  tickler  and  maintenance  of  standards,  system  and  plant, 
etc.,  and  starting  such  functions  of  the  planning  room  as  do  not 
directly  affect  the  men. 

304.  If  the  works  is  a  large  one,  the  man  in  charge  of  introduc- 
ing the  system  should  appoint  a  special  assistant  in  charge  of  each 
of  the  above  functions  just  as  an  engineer  designing  a  new  plant 
would  start  a  number  of  draftsmen  to  work  upon  the  various 
elements  of  construction.  Several  of  these  assistants  will  be 
brought  into  close  contact  with  the  men,  who  wall  in  this  way 
gradually  get  used  to  seeing  changes  going  on  and  their  sus- 
picion, both  of  the  new  men  and  the  methods,  will  have  been 
allayed  to  such  an  extent  before  any  changes  which  seriously 
affect  them  are  made,  that  little  or  no  determined  opposition  on 
their  part  need  be  anticipated.  The  most  important  and  difficult 
task  of  the  organizer  will  be  that  of  selecting  and  training  the 
various  functional  foremen  who  are  to  lead  and  instruct  the 
workmen,  and  his  success  will  be  measured  principally  by  his 
ability  to  mould  and  teach  these  men.  They  cannot  be  found, 
they  must  be  made.  They  must  be  instructed  in  their  new 
functions  largely,  in  the  beginning  at  least,  by  the  organizer  him- 
self; and  this  instruction,  to  be  effective,  should  be  mainly  in 
actually  doing  the  work.  Explanation  and  theory  will  go  a  little 
way,  but  actual  doing  is  needed  to  carry  conviction.  To  illus- 
trate :  For  nearly  two  and  one-half  years  in  the  large  shop  of  the 
Bethlehem  Steel  Company,  one  speed  boss  after  another  was  in- 
structed in  the  art  of  cutting  metals  fast  on  a  large  motor-driven 
lathe  which  was    especially  fitted  to  run  at  any  desired    speed 
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within  a  very  wide  range.  The  work  done  in  this  niacliine  was 
entirely  connected,  either  ^vith  the  study  of  cutting  tools  or  the 
instruction  of  speed  bosses.  It  was  most  interesting  to  see  these 
men,  principally  either  former  gang  bosses  or  the  best  workmen, 
gradually  change  from  their  attitude  of  determined  and  positive 
opposition  to  that  in  most  cases  of  enthusiasm  for,  and  earnest 
support  of,  the  new  methods.  It  was  actually  running  the  lathe 
themselves  according  to  the  new  method  and  under  the  most 
positive  and  definite  orders  that  produced  the  effect.  The  writer 
himself  ran  the  lathe  and  instructed  the  first  few  bosses.  It 
required  from  three  weeks  to  two  months  for  each  man.  Per- 
haps the  most  important  part  of  the  gang  boss's  and  foreman's 
education  lies  in  teaching  them  to  promptly  obey  orders  and 
instructions  received  not  only  from  the  superintendent  or  some 
oi^cial  high  in  the  company,  but  from  any  member  of  the  plan- 
ning room  whose  especial  function  it  is  to  direct  the  rest  of  the 
works  in  his  particular  line;  and  it  may  be  accepted  as  an  un- 
questioned fact  that  no  gang  boss  is  fit  to  direct  his  men  until 
after  he  has  learned  to  promptly  obey  instructions  received  from 
any  proper  source,  whether  he  likes  his  instructions  and  the  in- 
structor or  not,  and  even  although  he  may  be  convinced  that  he 
knows  a  much  better  way  of  doing  the  w^ork.  The  first  step  is 
for  each  man  to  learn  to  obey  the  laws  as  they  exist,  and  next, 
if  the  laws  are  wrong,  to  have  them  reformed  in  the  proper  way. 

305.  In  starting  to  organize  even  a  comparatively  small  shop, 
containing  say  from  75  to  100  men,  it  is  best  to  begin  by  training 
in  the  full  number  of  functional  foremen,  one  for  each  function, 
since  it  must  be  remembered  that  about  two  out  of  three  of  those 
who  are  taught  this  work  either  leave  of  their  own  accord  or 
prove  unsatisfactory;  and  in  addition,  while  both  the  w^orkmen 
and  bosses  are  adjusting  themselves  to  their  new  duties,  there 
are  needed  fully  twice  the  number  of  bosses  as  are  required  to 
carry  on  the  work  after  it  is  fully  systematized. 

306.  Unfortunately,  there  is  no  means  of  selectiile:  in  advance 
those  out  of  a  number  of  candidates  for  a  given  work  who  are 
likely  to  prove  successful.  Many  of  those  who  appear  to  have  all 
of  the  desired  qualities,  and  who  talk  and  appear  the  best,  w^ill  turn 
out  utter  failures,  while  on  the  other  hand,  some  of  the  most  un- 
likely men  rise  to  the  top.  The  fact  is,  that  the  more  attractive 
qualities  of  good  manners,  education,  and  even  special  training  and 
skill,  which  are  more  apparent  on  the  surface,  count  for  less  in  an 
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executive  position  tlitiii  the  grit,  deteriiiination  and  bulldog  endur- 
ance and  tenacity  that  knows  no  defeat  and  comes  up  smiling  to  be 
knocked  down  over  and  over  again. 

307.  Tlie  two  qualities  which  count  most  for  success  in  this  kind 
of  executive  work  are  grit  and  what  may  be  called  ^'  constructive 
imagination  " — the  faculty  which  enables  a  man  to  use  the  few 
facts  that  are  stored  in  his  mind  in  getting  around  the  obstacles 
that  oppose  him,  and  in  building  up  something  useful  in  spite 
of  them;  and  unfortunately,  the  presence  of  these  qualities, 
together  with  honesty  and  common  sense,  can  only  be  proved 
through  an  actual  trial  at  executive  work.  As  we  all  know,  success 
at  college,  or  in  the  technical  school,  does  not  indicate  the  presence 
of  these  qualities,  even  though  the  man  may  have  worked  hard. 
Mainly,  it  would  seem,  because  the  work  of  obtaining  an  education 
is  principally  that  of  absorption  and  assimilation;  while  that  of 
active  practical  life,  is  principally  the  direct  reverse,  namely  that 
of  giving  out. 

308.  In  selecting  men  to  be  tried  as  foremen,  or  in  fact  for  any 
position  throughout  the  place,  from  the  day  laborer  up,  one  of 
two  different  types  of  men  should  be  chosen,  according  to  the 
nature  of  the  work  to  be  done.  For  one  class  of  work,  men 
should  be  selected  who  are  too  good  for  the  job ;  and  for  the  other 
class  of  work,  men  who  are  barely  good  enough. 

309.  If  the  work  is  of  a  routine  nature,  in  which  the  same  oper- 
ations are  likely  to  be  done  over  and  over  again,  with  no  great 
variety,  and  in  which  there  is  no  apparent  prospect  of  a  radical 
change  being  made,  perhaps  through  a  term  of  years,  even 
though  the  work  itself  may  be  complicated  in  its  nature,  a  man 
should  be  selected  whose  abilities  are  barely  equal  to  the  task. 
Time  and  training  will  fit  him  for  his  work,  and  since  he  will  be 
better  paid  than  in  the  past,  and  will  realize  that  he  has  been 
given  the  chance  to  make  his  abilities  yield  him  the  largest 
return — all  of  the  elements  for  promoting  contentment  will  be 
present ;  and  t^hose  men  who  are  blessed  with  cheerful  dispositions 
will  become  satisfied  and  remain  so.  Of  course,  a  considerable 
part  of  mankind  is  so  born  or  educated,  that  permanent  content- 
ment is  out  of  the  question.  'No  one,  however,  should  be  influ- 
enced by  the  discontent  of  this  class. 

310.  If  the  work  to  be  done  is  of  great  variety — particularly 
if  -improvements  in  methods  are  to  be  anticipated — throughout 
the  period  of  active  organization  the  men  engaged  in  systematic- 
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ing  should  be  too  good  for  their  jobs.  For  such  work,  men  should 
be  selected  whose  mental  calibre  and  attainments  will  lit  them, 
ultimately  at  least,  to  command  higher  wages  than  can  be 
afforded  on  the  work  which  they  are  at.  It  will  prove  a  wise 
policy  to  promote  such  men,  both  to  better  positions  and  pay, 
when  they  have  shown  themselves  capable  of  accomplishing 
results,  and  the  opportunity  offers.  The  results  which  these  high- 
classed  men  will  accomplish,  and  the  comparatively  short  time 
which  they  will  take  in  organizing,  will  much  more  than  pay 
for  the  expense  and  trouble  later  on,  of  training  other  men, 
cheaper  and  of  less  capacity,  to  take  their  places.  In  many  cases, 
however,  gang  bosses  and  men  will  develop  faster  than  new  posi- 
tions open  for  them.  When  this  occurs,  it  will  pay  employers 
w^ell  to  find  them  positions  in  other  works,  either  with  better  pay, 
or  larger  opportunities;  not  only  as  a  matter  of  kindly  feeling  and 
generosity  toward  their  men,  but  even  more  with  the  object  of 
promoting  the  best  interests  of  their  own  establishments.  For 
one  man  lost  in  this  way,  five  will  be  stimulated  to  work  to  the 
very  limit  of  their  abilities,  and  will  rise  ultimately  to  take  the 
place  of  the  man  who  has  gone,  and  the  best  class  of  men  will 
apply  for  work  where  these  methods  prevail.  But  few  em- 
ployers, however,  are  sufficiently  broad-minded  to  adopt  this 
policy.  They  dread  the  trouble  and  temporary  inconvenience 
incident  to  training  in  new  men.  ♦ 

311.  Our  president,  Mr.  James  M.  Dodge,  is  one  of  the  few 
men  with  whom  the  writer  is  acquainted  who  has  been  led  by  his 
kindly  instincts,  as  well  as  by  a  far-sighted  policy,  to  treat  his 
employees  in  this  way;  and  this,  together  with  the  personal 
magnetism  and  influence  which  belong  to  men  of  his  type,  has 
done  much  to  render  his  shop  one  of  the  model  establishments 
of  the  country,  certainly  as  far  as  the  relations  of  employer  and 
men  are  concerned. 

312.  On  the  other  hand,  this  policy  of  promoting  men  and  find- 
ing them  new  positions  has  its  limits.  No  worse  mistake  can  be 
made  than  that  of  allowing  an  establishment  to  be  looked  upon  as 
a  training  school,  to  be  used  mainly  for  the  education  of  many  of 
its  employees.  All  employees  should  bear  in  mind  that  each 
shop  exists,  first,  last,  and  all  the  time,  for  the  purpose  of  paying 
di^ddends  to  its  owners.  They  should  have  patience,  and  never 
lose  sight  of  this  fact.  And  no  man  should  expect  promotion 
until  after  he  has  trained  his  successor  to  take  his  place.     The 


1420  SHOP    MANAGEMENT. 

writer  is  quite  sure  that  in  liis  own  case,  as  a  young  man,  no  one 
element  was  of  such  assistance  to  him  in  obtaining  new  oppor- 
tunities as  the  practice  of  invariably  training  another  man  to  fill 
his  position  before  asking  for  advancement. 

313.  The  first  of  the  functional  foremen  to  be  brought  into  ac- 
tual contact  with  the  men  should  be  the  inspector;  and  the  whole 
system  of  inspection,  with  its  proper  safeguards,  should  be  in 
smooth  and  successful  operation  before  any  steps  are  taken  to- 
ward stimulating  the  men  to  a  larger  output;  otherw^ise  an  in- 
crease in  quantity  will  probably  be  accompanied  by  a  falling  off 
in  quality. 

314.  l^ext  choose  for  the  application  of  the  two  principal  func- 
tional foremen,  viz.,  the  speed  boss  and  the  gang  boss,  that  portion 
of  the  work  in  w^hich  there  is  the  largest  need  of,  and  opportunity 
for,  making  a  gain.  It  is  of  the  utmost  importance  that  the 
first  combined  application  of  time  study,  slide  rules,  instruction 
cards,  functional  foremanship,  and  a  premium  for  a  large  daily 
task  should  prove  a  success  both  for  the  workmen  and  for  the 
company,  and  for  this  reason  a  simple  class  of  work  should  be 
chosen  for  a  start.  The  entire  efforts  of  the  new  management 
should  be  centred  on  one  point,  and  continue  there  until  un- 
qualified success  has  been  attained. 

315.  When  once  this  gain  has  been  made,  a  peg  should  be  put  in 
which  shall  keep  it  from  sliding  back  in  the  least ;  and  it  is  here 
that  the  task  idea  with  a  time  limit  for  each  job  will  be  found 
most  useful.  Under  ordinary  piece  work,  or  the  Towne-Halsey 
plan,  the  men  are  likely  at  any  time  to  slide  back  a  considerable 
distance  without  having  it  particularly  noticed  either  by  them  or 
the  management.  With  the  task  idea,  the  first  falling  off  is 
instantly  felt  by  the  workman  through  the  loss  of  his  day's  bonus, 
or  his  differential  rate,  and  is  thereby  also  forcibly  brought  to  the 
attention  of  the  management. 

316.  There  is  one  rather  natural  difficulty  which  arises  when 
functional  foremanship  is  first  introduced.  Men  who  were  for- 
merly either  gang  bosses,  or  foremen,  are  usually  chosen  as  func- 
tional foremen,  and  these  men,  when  they  find  their  duties  re- 
stricted to  their  particular  functions,  while  they  formerly  were 
called  upon  to  do  everything,  at  first  feel  dissatisfied.  They  think 
that  their  field  of  usefulness  is  being  greatly  contracted.  This  is, 
however,  a  theoretical  difficulty,  which  disappears  when  they 
really  get  into  the  full  swing  of  their  new  positions.     In  fact 
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tlic  new  position  demands  an  amount  of  special  information,  fore- 
thought, and  a  clear-cut,  definite  responsibility  that  they  have 
never  even  approximated  in  the  past,  and  which  is  amply  suffi- 
cient to  keej)  all  of  their  best  faculties  and  energies  alive  and 
fully  occuj)ied.  It  is  the  experience  of  the  writer  that  there  is  a 
great  commercial  demand  for  men  with  this  sort  of  definite 
knowledge,  who  are  used  to  accepting  real  responsibility  and 
getting  results ;  so  that  the  training  in  their  ne\y  duties  renders 
them  more  instead  of  less  valuable. 

317.  As  a  rule,  the  writer  has  found  that  those  w4io  were  growl- 
ing the  most,  and  were  loudest  in  asserting  that  they  ought  to  be 
doing  the  whole  thing,  were  only  one-half  or  one-quarter  per- 
forming their  own  particular  functions.  This  desire  to  do  every- 
one's else  work  in  addition  to  their  own  generally  disappears 
when  they  are  held  to  strict  account  in  their  particular  line,  and 
are  given  enough  work  to  keep  them  hustling. 

318.  There  are  many  people  v*^ho  will  disapprove  of  the  whole 
scheme  of  a  planning  department  to  do  the  thinking  for  the  men, 
as  well  as  a  number  of  foremen  to  assist  and  lead  each  man  in  his 
work,  on  the  ground  that  this  does  not  tend  to  promote  inde- 
pendence, self-reliance  and  originality  in  the  individual.  Those 
holding  this  view,  however,  must  take  exception  to  the  whole 
trend  of  modern  industrial  development;  and  it  appears  to  the 
writer  that  they  overlook  the  real  facts  in  the  case. 

319.  It  is  true,  for  instance,  that  the  planning  room,  and  func- 
tional foremanship,  render  it  possible  for  an  intelligent  laborer  or 
helper  in  time  to  do  much  of  the  work  now  done  by  a  machinist. 
Is  not  this  a  good  thing  for  the  laborer  and  helper  ?  lie  is  given 
a  higher  class  of  work,  which  tends  to  develop  him  and  gives  him 
better  wages.  In  the  sympathy  for  the  machinist  the  case  of 
the  laborer  is  overlooked.  This  sympathy  for  the  machinist  is, 
however,  wasted,  since  the  machinist,  with  the  aid  of  the  new 
system,  will  rise  to  a  higher  class  of  work  which  he  was  unable 
to  do  in  the  past,  and  in  addition,  divided  or  functional  foreman- 
ship  will  call  for  a  larger  number  of  men  in  this  class,  so  that 
men,  who  must  otherwise  have  remained  machinists  all  their 
lives,  will  have  the  opportunity  of  rising  to  a  foremanship. 

320.  The  demand  for  men  of  originality  and  brains  was  never 
so  great  as  it  is  now,  and  the  modern  subdivision  of  labor,  instead 
of  dwarfing  men,  enables  them  all  along  the  line  to  rise  to  a 
higher  plane  of  efficiency,  involving  at  the  same  time  more  .brain 
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work  aiul  less  monotony.  Tlio  typo  of  man  who  was  formerly 
a  day  laborer,  digging  dirt,  is  now  for  instance  making  shoes  in  a 
shoe  factory,  and  dirt  handling  is  done  by  Italians  or  Hungarians. 

321.  After  the  planning  room  with  functional  foremanship  has 
accomplished  its  most  difficult  task,  of  teaching  the  men  how  to 
do  a  full  day's  work  themselves,  and  also  how  to  get  it  out  of 
their  machines  steadily,  then,  if  desired,  the  number  of  non- 
producers  can  be  diminished,  preferably,  by  giving  each  type  of 
functional  foreman  more  to  do  in  his  specialty ;  or  in  the  case  of 
a  very  small  shop,  by  combining  two  different  functions  in  the 
same  man.  The  former  expedient  is,  however,  much  to  be 
preferred  to  the  latter.  There  need  never  be  any  worry  about 
what  is  to  become  of  those  engaged  in  systematizing  after  the 
period  of  active  organization  is  over.  The  difficulty  will  still 
remain  even  with  functional  foremanship;  that  of  getting  enough 
good  men  to  fill  the  positions,  and  the  demand  for  competent 
gang  bosses  will  always  be  so  great  that  no  good  boss  need  look 
for  a  job. 

322.  Of  all  the  farces  in  management  the  greatest  is  that  of  an 
establishment  organized  along  well  planned  lines,  with  all  of  the 
elements  needed  for  success,  and  yet  which  fails  to  get  either 
output  or  economy.  There  must  be  some  man  or  men  present  in 
the  organization  w^ho  will  not  mistake  the  form  for  the  essence, 
and  who  will  have  brains  enough  to  find  out  those  of  their  em- 
ployees who  '^  get  there,"  and  nerve  enough  to  make  it  unpleas- 
ant for  those  who  fail,  as  well  as  to  reward  those  who  succeed. 
]No  system  can  do  away  with  the  need  of  real  men.  Both  system 
and  good  men  are  needed,  and  after  introducing  the  best  system, 
success  will  be  in  proportion  to  the  ability,  consistency  and  re- 
spected authority  of  the  management. 

323.  In  a  paper  of  this  sort,  it  would  be  manifestly  improper  to 
discuss  all  of  the  details  which  go  toward  making  the  system  a 
success.  Some  of  them  are  of  such  importance  as  to  render  at 
least  a  brief  reference  to  them  necessary.  And  first  among  these 
comes  the  study  of  ^'  unit  times." 

324.  This,  as  already  explained,  is  the  most  important  element 
of  the  system  advocated  by  the  writer.  Without  it,  the  definite, 
clear-cut  directions  given  to  the  workman,  and  the  assigning  of  a 
full,  yet  just,  daily  task,  with  its  premium  for  success,  would  be 
impossible;  and  the  arch  "without  the  keystone  would  fall  to  the 
ground. 
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325.  In  1883,  while  foreman  of  the  machine  shop  of  the  Mid- 
vale  Steel  Company  of  Philadeli)hia,  it  occurred  to  the  writer  that 
it  was  simpler  to  time  with  a  stoj)  watch  each  of  the  elements  of 
the  various  kinds  of  work  done  in  the  place,  and  then  find  the 
quickest  time  in  which  each  job  could  be  done  bv  summing  up  the 
total  times  of  its  component  parts,  tlian  it  was  to  search  through 
tlie  time  records  of  former  jobs  and  guess  at  the  proper  time  and 
price.  After  practising  this  method  of  time  study  himself  for 
about  a  year,  as  well  as  circumstances  would  permit,  it  became 
evident  that  the  system  was  a  success.  The  writer  then  established 
the  time-study  and  rate-fixing  department,  which  has  given  out 
piece  work  prices  in  the  place  ever  since. 

326.  This  department  far  more  than  paid  for  itself  from  the 
very  start;  but  it  was  several  years  before  the  full  benefits  of  the 
system  were  felt,  owing  to  the  fact  that  the  best  methods  of  making 
and  recording  time  observations,  as  well  as  of  determining  the 
maximum  capacity  of  each  of  the  machines  in  the  place,  and  of 
making  working  tables  and  time  tables,  were  not  at  first  adopted. 

327.  It  has  been  the  writer's  experience  that  the  difficulties  of 
scientific  time  study  are  underestimated  at  first,  and  greatly  over- 
estimated after  actually  trying  the  work  for  two  or  three  months. 
The  average  manager,  who  decides  to  undertake  the  study  of 
"  unit  times  ''  in  his  works,  fails  at  first  to  realize  that  he  is  start- 
ing a  new  art  or  trade.  He  miderstands,  for  instance,  the  diffi- 
culties which  he  would  meet  with  in  establishing  a  drafting  room, 
and  would  look  for  but  small  results  at  first,  if  he  were  to  give  a 
bright  man  the  task  of  making  drawings  who  had  never  worked 
in  a  drafting  room,  and  who  was  not  even  familiar  with  drafting 
implements  and  methods,  but  he  entirely  underestimates  the  diffi- 
culties of  this  new  trade. 

328.  The  art  of  studying  ''  unit  times  ''  is  quite  as  important 
and  as  difficult  as  that  of  the  draftsman.  It  should  be  undertaken 
seriously,  and  looked  upon  as  a  profession.  It  has  its  own  peculiar 
implements  and  methods,  without  the  use  and  understanding  of 
which  progress  T\all  necessarily  be  slow,  and  in  the  absence  of 
which  there  will  be  more  failures  than  successes  scored  at  first. 

329.  Y\"lien,  on  the  other  hand,  an  energetic,  determined  man 
goes  at  "  time  study  "  as  if  it  were  his  life's  work,  with  the  djeter- 
mination  to  succeed,  the  results  which  he  can  secure  are  little  short 
of  astounding.  The  difficulties  of  the  task  will  be  felt  at  once,  and 
so  strongly  by  any  one  who  undertakes  it,  that  it  seems  important 

91 
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to  encourage  the  beginner  by  giving  at  least  one  illustration  of 
what  has  been  accomplished. 

y;30.  Mr.  Sanford  E.  Thompson,  C.E.,  of  ISTewton  Highlands, 
Mass.,  started  in  1896  with  but  small  help  from  the  writer,  except 
as  far  as  the  implements  and  methods  are  concerned,  to  study  the 
time  required  to  do  all  kinds  of  work  in  the  building  trades.  In  six 
years  he  has  made  a  complete  study  of  eight  of  the  most  important 
trades — excavation,  masonry,  bricklaying  (including  sewer-work 
and  paving),  carpentry,  concrete  and  cement  work,  lathing  and 
plastering,  slating  and  roofing  and  rock  quarrying.  He  took  every 
stop  watch  observation  himself,  and  then  with  the  aid  of  two 
comparatively  cheap  assistants,  worked  up  and  tabulated  all  of  his 
data  ready  for  the  printer.  The  magnitude  of  this  undertaking 
will  be  appreciated  when  it  is  understood  that  the  tables  and 
descriptive  matter  for  one  of  these  trades  alone  take  up  about  250 
pages.  Mr.  Thompson  and  the  writer  are  both  engineers,  but 
neither  of  us  was  especially  familiar  with  the  above  trades  and 
this  work  could  not  have  been  accomplished  in  a  lifetime  without 
the  study  of  elementary  units  with  a  stop  watch. 

331.  In  the  course  of  this  work,  Mr.  Thompson  has  developed 
what  are  in  many  respects  the  best  implements  in  use,  and  with  his 
permission  some  of  them  will  be  described.  The  blank  form  or 
note  sheet  used  by  Mr.  Thompson,  shown  in  Fig.  293,  contains 
essentially : 

(1)  Space  for  the  description  of  the  work  and  notes  in  regard  to 
it. 

(2)  A  place  for  recording  the  total  time  of  complete  operations 
— that  is,  the  gross  time  including  all  necessary  delays,  for  doing 
a  whole  job  or  large  portions  of  it. 

(3)  Lines  for  setting  down  the  "Detail  Operations,'^  or  "  units  '' 
into  which  any  piece  of  work  may  be  divided,  followed  by  columns 
for  entering  the  averages  obtained  from  the  observations. 

(4)  Squares  for  recording  the  readings  of  the  stop  watch  when 
observing  the  times  of  these  elements.  (If  these  squares  are  filled, 
additional  records  can  be  entered  on  the  back.)  The  size  of  the 
sheets,  w^hich  should  be  of  best  quality  ledger  paper,  is  8|  inches 
wide  by  7  inches  long,  and  by  folding  in  the  centre  they  can  be 
conveniently  carried  in  the  pocket,  or  placed  in  a  case  containing 
one  or  more  stop  watches. 

332.  This  case,  or  ''  watch  book,"  is  another  device  of  Mr. 
Thompson's.     It  consists  of  a  frame  work,  containing  concealed  in 
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it,  one,  two  or  three  watches,  whose  stop  and  start  movements  can 
be  operated  by  pressing  with  the  fingers  of  the  left  hand  upon  the 
])roper  portion  of  the  cover  of  the  note-book  without  *  the  knowl- 
edge of  the  workman  who  is  being  observed.  The  frame  is  bound 
in  a  leather  case  resembling  a  pocket  note-book,  and  has  a  place 


Fig.  294. 


for  the  note  sheets  described.  A  sketch  of  this  watch-book  is 
shown  in  Fig.  294.  The  operation  selected  for  illustration  on 
the  note  sheet  is  the  excavation  of  earth  with  wheelbarrows,  and 
the  values  given  are  fair  averages  of  actual  contract  work  where 
the  wheelbarrow  man  fills  his  o^Yn  barrow.  It  is  obvious  that 
similar  methods  of  analyzing  and  recording  may  be  applied  to 

*  The  writer  does  not  believe  at  all  in  the  policy  of  spying  upon  the  workman 
when  taking  time  observations  for  the  purpose  of  time  study.  If  the  men  ob- 
served are  to  be  ultimately  affected  by  the  results  of  these  observations,  it  is 
generally  best  to  come  out  openly,  and  let  them  know  that  they  are  being  timed, 
and  what  the  object  of  the  timing  is.  There  are  many  cases,  however,  in  which 
telling  the  workman  that  he  was  being  timed  in  a  minute  way  would  only  result 
in  a  row,  and  in  defeating  the  whole  object  of  the  timing  ;  particularly  when 
only  a  few  time  units  are  to  be  studied  on  one  man's  work,  and  when  this  man 
will  not  be  personally  affected  by  the  results  of  the  observations.  In  these  cases, 
the  watch  book  of  Mr.  Thompson,  holding  the  watches  in  the  cover,  is  especially 
useful.  A  good  deal  of  judgment  is  required  to  know  when  to  time  openly,  or 
the  reverse. 
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work  ranging  from  unloading  coal  to  skilled  labor  on  fine  machine 
tools. 

3o3.  The  method  of  using  the  note  sheets  for  timing  a  work- 
man is  as  follows : 

After  entering  the  necessary  descriptive  matter  at  the  top  of 
the  sheet,  divide  the  operation  to  be  timed  into  its  elementary 
units,  and  write  these  units  one  after  another  under  the  heading 
"  Detail  Operations. ''     (If  the  job  is  long  and  complicated,  it  may 


Fig.  295. 


be  analyzed  while  the  timing  is  going  on,  and  the  elementary  units 
entered  then  instead  of  beforehand.)  In  wheelbarrow  work  as 
illustrated  in  the  example  shown  on  the  note  sheet  (Fig.  293), 
the  elementary  units  consist  of  '^  filling  barrow,"  "  starting " 
(which  includes  throwing  down  shovel  and  lifting  handles  of 
barrow),  '"  wheeling  full,"  etc.  These  units  might  have  been 
further  subdivided — the  first  one  into  time  for  loading  one  shovel- 
ful, or  still  further  into  the  time  for  filling  and  the  time  for 
emptying  each  shovelful. 

334.  The  letters  a,  b,  c,  etc.,  which  are  printed,  are  simply  fon 
convenience  in  designating  the  elements. 

335.  We  are  now  ready  for  the  stop  watch,  which,  to  save  cleri- 
cal work,  should  be  provided  with  a  decimal  dial  similar  to  that 
shown  in  Fig.  295.  The  method  of  using  this  and  of  recording 
the  times  depends  upon  the  character  of  the  time  observations.  In 
all  cases,  however,  the  stop  watch  times  are  recorded  in  the 
columns  headed  '^  Time  "  at  the  top  of  the  right-hand  half  of  the 
note  sheet.  These  columns  are  the  only  place  on  the  face  of  the 
sheet  where   stop-watch  readings   are  to  be   entered.     If  more 
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Space  is  required  for  tlicse  times,  they  should  be  entered  on  the 
back  of  the  sheets.  The  rest  of  the  figures  (except  those  on  the 
left-hand  page,  which  may  be  taken  from  an  ordinary  timepiece) 
are  the  results  of  calculation,  and  may  be  made  in  the  office  by 
any  clerk. 

336.  As  has  been  stated,  the  method  of  recording  the  stop-watch 
observations  depends  upon  the  work  which  is  being  observed.  If 
the  operation  consists  of  the  same  element  repeated  over  and  over, 
the  time  of  each  may  be  set  down  separately ;  or,  if  the  element  is 
very  small,  the  total  time  of,  say,  ten  may  be  entered  as  a  frac- 
tion, with  the  time  for  all  ten  observations  as  the  numerator,  and 
the  number  of  observations  for  the  denominator. 

337.  In  the  illustration,  the  operation  consists  of  a  series  of  ele- 
ments. In  such  a  case,  the  letters  designating  each  elementary  unit 
are  entered  under  the  columns  "  Op.,"  the  stop-watch  is  thrown  to 
zero,  and  started  as  the  man  commences  to  work.  As  each  new 
division  of  the  operation  (that  is,  as  each  elementary  unit  or  "  unit 
time  '')  is  begun,  the  time  is  recorded.  During  any  special  delay 
the  watch  may  be  stopped,  and  started  again  from  the  same  point, 
although,  as  a  rule,  Mr.  Thompson  advocates  allowing  the  watch 
to  run  continuously,  and  enters  the  time  of  such  a  stop,  designat- 
ing it  for  convenience  by  the  letter  "  Y.'' 

338.  In  the  case  we  are  considering,  two  kinds  of  materials  were 
handled — sand  and  clay.  The  time  of  each  of  the  unit  times, 
except  the  filling,  is  the  same  for  both  sand  and  clay ;  hence,  if  we 
have  sufficient  observations  on  either  one  of  the  materials,  the 
only  element  of  the  other  which  requires  to  be  timed  is  the  load- 
ing.    This  illustrates  one  of  the  merits  of  the  elementary  system. 

339.  The  column  ^'  Av."  is  filled  from  the  preceding  column. 
The  figures  thus  found  are  the  actual  net  times  of  the  different 
"  unit  times."  These  unit  times  are  averaged  and  entered  in  the 
^'  Time  "  column,  on  the  lower  half  of  the  right-hand  page,  pre- 
ceded, in  the  "  ]^o."  column,  by  the  number  of  observations  which 
have  been  taken  of  each  unit.  These  times,  combined  and  com- 
pared with  the  gross  times  on  the  left-hand  page,  will  determine 
the  percentage  lost  in  resting  and  other  necessary  delays.  A  con- 
venient method  for  obtaining  the  time  of  an  operation,  like  pick- 
ing, in  which  the  quantity  is  difficult  to  measure,  is  suggested  by 
the  records  on  the  left-hand  page. 

340.  The  percentage  of  the  time  taken  in  rest  and  other  neces- 
sary delays,  which  is  noted  on  the  sheet  as,  in  this  case,  about  27 
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per  cent,  is  obtained  bj  a  comparison  of  the  average  net  ''time  per 
barrow  "  on  the  right  with  tlie  '*  time  per  barrow  "  on  the  left. 
The  latter  is  the  quotient  of  the  total  time  shovelling  and  wheeling 
divided  by  the  number  of  loads  wheeled. 

341.  It  must  be  remembered  that  the  example  given  is  simply 
for  illustration.  To  obtain  accurate  average  times,  for  any  item 
of  work  under  specified  conditions,  it  is  necessary  to  take  observa- 
tions upon  a  number  of  men,  each  of  whom  is  at  work  under  con- 
ditions which  are  comparable.  The  total  number  of  observations 
which  should  be  taken  of  any  one  elementary  unit  depends  upon 
its  variableness,  and  also  upon  its  frequency  of  occurrence  in  a 
day's  work. 

342.  An  expert  observer  can,  on  many  kinds  of  work,  time  two 
or  three  men  at  the  same  time  with  the  same  watch,  or  he  can  oper- 
ate two  or  three  watches — one  for  each  man.  A  note  sheet  can 
contain  only  a  comparatively  few  observations.  It  is  not  conveni- 
ent to  make  it  of  larger  size  than  the  dimensions  given,  w^hen  a 
watch-book  is  to  be  used,  although  it  is  perfectly  feasible  to  make 
the  horizontal  rulings  8  lines  to  the  inch  instead  of  5  lines  to  the 
inch  as  on  the  sample  sheet.  There  will  liave  to  be,  in  almost  all 
cases,  a  large  number  of  note  sheets  on  the  same  subject.  Some 
system  must  be  aiTanged  for  collecting  and  tabulating  these  re- 
cords. On  Fig.  296  is  shoA\Ti  a  portion  of  the  form  or  plate 
used  for  tabulating.  The  sketch  shows  for  lack  of  space  merely 
the  left-hand  end  of  the  plate.  The  total  length  should  be  either 
16  or  22  inches.  The  height  of  the  plate  is  10^  inches.  AVitli 
these  dimensions  a  plate  may  be  folded  and  filed  with  ordi- 
nary letter  sheets  (8  inches  by  10|  inches).  The  ruling  which  has 
been  found  most  convenient  is  for  the  vertical  divisions  3  columns 
to.l^  inches,  while  the  horizontal  lines  are  ruled  6  to  the  inch.  , 
The  columns  may,  or  may  not,  have  printed  headings. 

343.  The  data  from  the  note  sheet  in  Fig.  293  is  copied  on  to 
the  table  for  illustration.  The  first  columns  of  the  table  are  de- 
scriptive. The  rest  of  them  are  arranged  so  as  to  include  all  of  the 
"  unit  times,"  with  any  other  data  which  are  to  be  averaged  or 
used  when  studying  the  results.  Data  upon  only  two  elements 
are  shown — that  of  ''  loading  barrow  "  and  "  starting  " ;  the  re- 
mainder are  entered  in  a  similar  way  in  the  columns  which  follow, 
and  at  the  extreme  right  of  the  sheet  (not  shown)  the  gross  times, 
including  rest  and  necessary  delay,  are  recorded  and  the  per- 
centages of  rest  are  calculated. 
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344.  Fornnilu^  arc  convcniont  for  combining  tlio  clcinciiN.  K«»r 
simplicity,  in  tlic  c'xiini]>lo  of  barrow  excavation,  caclrof  tlic  ''  unit 
times  ■'  may  be  designated  ]>y  \hv  same  letters  nsed  on  the  note 
sheet  (Fig.  ^2\V,])  altliongh  in  j)raetiee  each  eh-mcnl  can  best  be 
designated  by  the  initial  letters  of  tlie  words  describing  it. 

345.  Let 

a  =  time  filling  a  barrow  with  any  material. 

h    =  time  preparing  to  wheel. 

c   =  time  wheeling  full  barrow  100  feet. 

d  —  time  dumping  and  turning. 

e    =  time  returning  100  feet  with  empty  barrow. 

f  =  time  dropping  barrow  and  starting  to  shovel. 

p  =  time  loosening  one  cubic  yard  with  the  pick. 

P  =  percentage  of  a  day  required  for  rest  and  necessary  delays. 

Z  =  load  of  a  barrow  in  cubic  feet. 

B  =  time  per  cubic  yard  picking,  loading  and  wheeling  any  given 

kind  of  earth  to  any  given  distance  when  the  wheeler  loads 

bis  own  barrow. 

346.  Then 


B  =  U)  +     a  -\-h  +  d  +/  + 


distance  hauled  ,         ^H  2 


100 


{G  +  e) 


^j(l+P)     .     .     (1) 


347.  This  general  formula  for  barrow  work  can  be  simplified  by 
choosing  average  values  for  the  constants,  and  substituting 
numerals  for  the  letters  now  representing  them.  Substituting 
the  average  values  from  the  note  sheet  on  Fig.  293,  our  formula 
becomes: 


B  =  fp+ra  +  0.18  +  0.17  +  0.16  + 


100 
or 


distance  hauled  ^^^^^  ^  ^26)1  ^^  1.27, 


Z 


B=(p+[a  +  0.51  +  (0.0048)  distance  hauled]  t^  1-27   .     .    (2) 


i 
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34S.  Fornuila  2  is  applicable  to  any  kind  of  earth  hauled  by 
men  working  at  the  speeds  recorded  on  the  note  sheet  to  any  dis- 
tance. 

;>49.  For  sand,  still  using  the  values  given  on  the  notfe  sheet 
(Fig.  1). 

B=  (o  i-  [1.24  +  0.51  +  0.0048  (distance  hauled)]  ^)  1.27, 

or 

B  =  25.86  +  0.071  (distance  hauled) (3) 

For  a  50-foot  haul : 

B  =  25.86  +  0.071  (50)  =  29.4  min.  a-B  the  time  for  one  man  to  load 
and  wheel  one  cubic  yard  of  sand  a  distance  of  50  feet. 

350.  In  classes  of  work  where  the  percentage  of  rest  varies 
with  the  different  elements  of  an  operation,  it  is  most  convenient 
to  correct  all  of  the  elementary  times  by  the  proper  percentages 
before  combining  them.  Sometimes  after  having  construclsed  a 
general  formula,  it  may  be  solved  by  setting  down  the  substitute 
numerical  values  in  a  vertical  column  for  direct  addition. 

351.  On  Fig.  297  is  shown  a  table  to  illustrate  times  for 
throwing  earth  to  different  distances  and  different  heights.  It  w^ill 
be  seen  that  for  each  special  material  the  time  for  filling  shovel  re- 
mains the  same  regardless  of  the  distance  to  which  it  is  thrown. 
Each  kind  of  material  requires  a  different  time  for  filling  the 
shovel.  The  time  throwing  one  shovelful,  on  the  other  hand, 
varies  with  the  length  of  throw,  but  for  any  given  distance  it  is  the 
same  for  all  of  the  earths.  If  the  earth  is  of  such  a  nature  that  it 
sticks  to  the  shovel,  this  relation  does  not  hold.  For  the  elements 
of  shoveling  we  have  therefore : 

352. 

s  =  time  filling  shovel  and  straightening  up  ready  to  throw. 

t   =  time  throwing  one  shovelful. 

w  =  time  walking  one  foot  with  loaded  shovel. 

w'  =  time  returning  one  foot  with  empty  shovel. 

L  =  load  of  a  shovel  in  cubic  feet. 

P  —  percentage  of  a  day  required  for  rest  and  necessary  delays. 

T  =  time  for  shovelling  one  cubic  yard. 
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J553.   Our  formula,  tlien,  for  handling  anv  earth  after  it  is  loos- 
ened, is : 

[.v  +  t  -j-  {w  -hw')  distance  carried]  y){^  +  P)- 

354.   Where  the  material  is  simply  thrown  without  walking,  the 
formula  becomes : 

2^ 


T=({s  +  t)^yi  +  p) 


355.  If  weights  are  used  instead  of  volumes : 

^.        1        IV  J.  A        A  No.  of  lbs.  in  one  ton\  ,.        jy. 

1  ime  shovellmo^  one  ton  =  1  (s  +  t)  — t—. -. i rr-i    (1  +  P)- 

°  \  weightotoneshoveliui/      • 

356.  The  writer  has  found  the  printed  form  shown  on  Fig.  6 
useful  in  studying  unit  times  in  a  certain  class  of  the  hand  work 
done  in  a  machine  shop.  This  blank  is  fastened  to  a  thin  board 
held  in  the  left  hand  and  resting  on  the  left  arm  of  the  observer. 
A  stop-watch  is  inserted  in  a  small  compartment  attached  to  the 
back  of  the  board  at  a  point  a  little  above  its  centre ;  the  face  of  the 
watch  being  seen  from  the  front  of  the  board  through  a  small  flap 
cut  partly  loose  from  the  observation  blank;  while  the  watch  is 
operated  by  the  fingers  of  the  left  hand,  the  right  hand  of  the 
operator  is  at  all  times  free  to  enter  the  time  observations  on  the 
blank.  A  pencil  sketch  of  the  work  to  be  observed  is  made  in  the 
blank  space  on  the  upper  left-hand  portion  of  the  sheet.  In  using 
this  blank,  of  course,  all  attempt  at  secrecy  is  abandoned. 

357.  The  mistake  usually  made  by  beginners  is  that  of  failing 
to  note  in  sufficient  detail  the  various  conditions  surrounding  the 
job.  It  is  not  at  first  appreciated  that  the  whole  work  of  the  time 
observer  is  useless  if  there  is  any  doubt  as  to  even  one  of  these 
conditions.  Such  items,  for  instance,  as  the  name  of  the  man  or 
men  on  the  work,  the  number  of  helpers,  and  exact  description 
of  all  of  the  implements  used,  even  those  which  seem  unimportant, 
such,  for  instance,  as  the  diameter  and  length  of  bolts  and  the 
style  of  clamps  used,  the  weight  of  the  piece  upon  which  work  is 
being  done,  etc. 

358.  It  is  also  desirable  that,  as  soon  as  practicable  after  taking 
a  few  complete  sets  of  time  observations,  the  operator  should  be 
given  the  opportunity  of  working  up  one  or  two  sets  at  least  by 
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sununiiig  iij)  tlic  unit  times  and  allowing  the  proper  ])er  cent,  of 
rest,  etc.,  and  putting  them  into  i)ractical  use,  either  by  comparing 
his  results  with  the  actual  time  of  a  job  which  is  known  to  be  done 
in  fast  time,  or  by  setting  a  time  which  a  workman  is  to  live  up  to. 
351).  The  actual  i)ractical  trial  of  the  time  student's  work  is 
most  useful,  both  in  teaching  him  the  necessity  of  carefully  noting 
the  minutest  details,  and  on  the  other  hand  convincing  him  of  the 
practicability  of  the  whole  method,  and  in  encouraging  him  in 
future  work. 

360.  In  making  time  observations,  absolutely  nothing  should  be 
left  to  the  memory  of  the  student.  Every  item,  even  those  which 
appear  self-evident,  should  be  accurately  recorded.  The  writer, 
and  the  assistant  who  immediately  followed  him,  both  made  the 
mistake  of  not  putting  the  results  of  much  of  their  time  study  into 
use  soon  enough,  so  that  many  time  observations  which  extended 
over  a  period  of  months  were  thrown  away  in  most  instances  be- 
cause of  failure  to  note  some  apparently  unimportant  detail. 

361.  It  may  be  needless  to  state  tiiat  when  the  results  of  time 
observations  are  first  worked  up,  it  will  take  far  more  time  to  pick 
out  and  add  up  the  proper  unit  times,  and  allow  the  proper  per- 
centages of  rest,  etc.,  than  it  originally  did  for  the  workman  to 
do  the  job.  This  fact  need  not  disturb  the  operator,  however.  It 
will  be  evident  that  the  slow  time  made  at  the  start  is  due  to  his 
lack  of  experience,  and  he  must  take  it  for  granted  that  later 
many  short-cuts  can  be  found,  and  that  a  man  with  an  average 
memory  will  be  able  with  practice  to  carry  all  of  the  important 
time  units  in  his  head. 

362.  ISTo  system  of  time  study  can  be  looked  upon  as  a  success 
unless  it  enables  the  time  observer,  after  a  reasonable  amount  of 
study,  to  predict  with  accuracy  how  long  it  should  take  a  good  man 
to  do  almost  any  job  in  the  particular  trade,  or  branch  of  a  trade, 
to  which  the  time  student  has  been  devoting  himself.  It  is  true 
that  hardly  any  two  jobs  in  a  given  trade  are  exactly  the  same, 
and  that  if  a  time  student  were  to  follow  the  old  method  of  study- 
ing and  recording  the  whole  time  required  to  do  the  various  jobs 
which  came  under  his  observation,  mthout  dividing  them  into 
their  elements,  he  would  make  comparatively  small  progress  in  a 
lifetime,  and  at  best  would  become  a  skilful  guesser.  It  is,  how- 
ever, equally  true  that  all  of  the  work  done  in  a  given  trade  can 
be  divided  into  a  comparatively  small  number  of  elements  or  units, 
and  that  with  proper  implements  and  methods  it  is  comparatively 
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easy  for  a  skilled  observer  to  determine  the  time  required  by  a 
good  man  to  do  any  one  of  these  elementary  units. 

363.  Having  carefully  recorded  the  time  for  each  of  these  ele- 
ments, it  is  a  simple  matter  to  divide  each  job  into  its  elementary 
units,  and  by  adding  their  times  together,  to  arrive  accurately  at 
the  total  time  for  the  job.  The  elements  of  the  art  which  at  first 
appear  most  difficult  to  investigate  are  the  percentages  which 
should  be  allow^ed,  under  different  conditions,  for  rest  and  for 
accidental  or  unavoidable  delays.  These  elements  can,  however, 
be  studied  with  about  the  same  accuracy  as  the  others. 

364.  Perhaps  the  greatest  difficulty  rests  upon  the  fact  that  no 
two  men  work  at  exactly  the  same  speed.  The  writer  has  found  it 
best  to  take  his  time  observations  on  first-class  men  only,  when 
they  can  be  found;  and  these  men  should  be  timed  when  working 
at  their  best.  Having  obtained  the  best  time  of  a  first-class  man, 
it  is  a  simple  matter  to  determine  the  percentage  which  an  average 
man  will  fall  short  of  this  maximum. 

365.  It  is  a  good  plan  to  pay  a  first-class  man  an  extra  price 
while  his  work  is  being  timed.  When  workmen  once  understand 
that  the  time  study  is  being  made  to  enable  them  to  earn  higher 
wages,  the  writer  has  found  them  quite  ready  to  help  instead  of 
hindering  him  in  his  work.  The  division  of  a  given  job  into  its 
proper  elementary  units,  before  beginning  the  time  study,  calls 
for  considerable  skill  and  good  judgment.  If  the  job  to  be  observed 
is  one  which  will  be  repeated  over  and  over  again,  or  if  it  is  one  of 
a  series  of  similar  jobs  which  form  an  important  part  of  the  stand- 
ard work  of  an  establishment,  or  of  the  trade  which  is  being 
studied,  then  it  is  best  to  divide  the  job  into  elements  which  are 
rudimentary.  In  some  cases  this  subdivision  should  be  carried  to 
a  point  which  seems  at  first  glance  almost  absurd. 

366.  For  example,  in  the  case  of  the  study  of  the  art  of  shovel- , 
ling  earths,  referred  to  in  the  table  Fig.  5,  it  will  be  seen  that 
handling  a  shovelful  of  dirt  is  subdivided  into, 

5  =  "  Time  filling  shovel  and  straightening  up  ready  to  throw," 

and 

^  =  "  Time  throwing  one  shovelful." 

367.  The  first  impression  is  that  this  minute  subdivision  of  the 
work  into  elements,  neither  of  which  takes  more  than  five  or  six 
seconds  to  perform,  is  little  short  of  preposterous;  yet  if  a  rapid 
and  thorough  time  study  of  the  art  of  shovelling  is  to  be  made> 
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-"-'—-  OBSERVATIONS  OF  ilAXD-WORK  OX  MACHIXF.  TOOLS. 

Obsefve/s  Name.  M.ui'inc.  li-nrknuws  NiWw.  _ 


Fbbd.  W.  Tatlob, 

Form  D.   lOe. 


OPERATIONS. 
GETTING  JOB  READY  TO  SET. 

l.<-«rnlli|f  wtlfti   Iji  U>  Im*  ilonr     whrn    wofh    !■ 

.krlrl.nl.  I.I.I  •>»! 
TahliiK  WMrk.  Inil..  Iili..-   I....>|   rt.n.' 

lM<Unrr  llrl|.f  - 

Hrlllnil  I'lliln  oil  aiicl  iljtlilrnnl 
llrllo-r. 

Slilfitiiy  work  no  MiMir  Willi,  wIi^imi.  hoUt 

llrllMIs 
t.iriliiii  ti,T  hftnil,  linUl,  crui*.  In  Ubic   ftlirsn 

bortiulttl  dUUao*  ll«l|i»n 


Tutlnil  ..IT  rlilltl.     Ilrtivn. 

SETTING  WORK. 

t '<>l1^UI•'llll|t  how   lO  Pl«ni|. 

Ilt'lllllll  nut  ti>.U         \iitiilri 

!i|llllll>y  Kblr.  I.ul  linUrr.  rmlr^ll. 

Miilid  .  |«rmtlf  I  In 

«t  rljihl  anjriMi  In  machliM. 
Shlftltiir  wntk,  fTPllln^t  wwrk  nn  nsitrM.  *^i 

liiii;  ivnrk  Inif.  witti.  willmiii  liniM. 
Ilolprn. 


REMARKS. 


tctml  Tim,  0f  6tlliK}  Jab  R—ij  to  StI, 


I     TIME  SHOULD  HAVE  TAKEN. 


StttinfJtt  ff  «<>  to  tit  aAovW/tar*  Tattn , 


TABLE  OF  COTS  MADE  AND  CUTS  THAT  SHOULD  HAVE  BEEN  MADE  WnH  SODA  WATEE, 

OOI-  1«  «<»■  3d.  *th,  6th.       :       «Ul.       I       Tth,  8Ul.  9th.  10th.  llth.      I       12th. 

;  Jil  5  111  i  III  i  |i|i  ^  iiljjjiiij_i|ii|7|ll|j  lli  i  |liii|ll 


bwoTTMth.  ' 
IMI  «■  OMf 


OPERATIONS. 
SETTING   TOOL. 

I'liillnir  nn  ii.il  t»l.  drill  r.-i.l.  drill  rhurk. 

Ui'ltiir  Wr 
A.IJil.tin,  tr..l 
Adltwllnn  ■|»H.U. 
AdJaMloK  rrvnk,  ublr  »li>|» 
AdluKllon  vrrtleal  aUd*.  MTvweuttliii.'iii'ar 

.Vdjititinc  fr*ini>.  popprl.  fmmhmA. 

■^tlinir  UmiI  furtfnrd  b/  bolta 

EXTRA    HAND    WORK. 

rlilpiMnr  ri-i.irr  |,un<'liiii|r 

M>r,d  larniir 
■  ■•nd  t~4 

l-lllv 

Hr^aklbf  nff 
mamfinr 


Uxihoroii. 

larknrwU. 

BnitkUK. 

TlB«. 

REMARKS. 


Actual  Timv  III  Sullmg  Tool, 


REMOVING    WORK,   ETC.  Actual  Tim»  of  £ilra  HandWork, 


'I'lliir.  Ilin-I. 
Kind  .if  Mnlnl. 
Mont  Nuiiilii'r, 
lllllol  Nniiilirr. 
I'arlhiii. 

TKniilU'  tlln'ii||lli, 
l'iir('i.iil.otHlri.|i'li 
' 


TURATMENT. 


TimE  SHOULD  HAVE  TAKEN. 

- 

Sailing  Tool   liould  have  Take. 


Etira  Hand-Work  should  hate  Taken, 


SoiiKTT  -y  MKiiAHHAi.  Kfuiyrau.     Vol..  XIIV 


OBSERVATIONS  OF  IIAXDWORK  ON  MACHINH  TOOLS. 

Mticbinc'.  lVi)rkmdii.s  Name. 

Piice. 


KKk.D    W.  Taylok. 

POrm  D.   tOA. 


REMARKS. 


nvl. 

1.   wirhoiil.  hiiiNt, 

,  I'l  tnliU'   aliran. 
ml 

IIalp«n 

TIME  SHOULD  HAVE  TAKEN. 


TABLEOFCDTS  MADE  AMD  OPTS  THAT  SHOULD  HAVE  BEEN  MADE  WITH  SODA  WATES: 


Taoi-         vtu 


*Oi.         stb.     I     aib. 


Tih.  sih.     I     Ml.     .    loth.         uth.    I     tirui. 


^  111  5  ill  I  |iU  |in  |ii  i  111  ^  III  i  li{!  i  111  J  III  Yin  I  llil 


*'*""  ^ "'  ''•""•»  •'°»  """y  "  «•'■  fi""-j^«»««*rr.«.»u««».„r^«. 


OPERATIONS. 
SETTING   TOOL. 

PullliK  on  ItoI  peat,  drill  rr.i.  UtIII  rluick 

boring  bar 
Vdjuulog  fml 

AdJaMlDir  cfmnk.  laUr  «i4i|». 

Ail)uMlB(  rrnleal  •lldr.  •nrscvUlajri.-nr 

^ttlBif  loo]  fkMrnnl  bT 


bolu 


EXTRA    HAND    WORK 


cbipplnj: 
(lilppi&ir 


0,d.t 
Hrldlll, 
Timra  llrpM. 
Klnil  nr  Mrul. 
lliNil  Nuiulirr. 
BIIIM  NumUr. 
Carbon, 

TcMlli.  Sln-m-il, 
PirlVnl.  ofSini 
UardnnM... 


TBHATMBNT. 


REMARKS. 


TIME  SHOULD  HAVE  TAKEN. 


Iclual  Timr  ol  Sailing  Tool. 


Soiling  Tool    hould  hart  Taktn, 


OPERATIONS. 

REMARKS. 

TilE  SHOULD  HAVE  TAKER. 

OPERATIONS. 

REMARKS.                             II 

TIME  SHOULD 

HAVE  TAKEN. 

CETTrNC  JOB  READY  TO  SET. 

SETTING  TOOU 

I.*-sminir  wlial  in  Ut  tw  lUfM.    wbm   work  u 
.k<4<-linl.  I'M  ool                                                   j 

PaltiBf  oa  too]  pnat.  drill  r«.«t.  drill  rbn«k. 

Ttklnit  work,  loijie,  u.  mirWlw.  I»il.«.  ctmi«.  | 

AdiwKiaf  tni 

l/MWMW       .       -                  ||«lprf«_ 

^dj««ia|t  ctaab.  taUr  ••■■p. 
A^i'tiaiaf  vmieal  dido,  witw cvttini; K««r 
.VdjortiaiE  frano.  poppM   rmaohwad. 
SMtaf  Mol  faaWMd  b.T                          boitt 
tai                          ««»r.— 



(jMlllir  fhalii  on  •ii')  ll»lil»ii~I. 



ri.l,»r. 

Hhtrtinff  work  oD  A/Mr  wllb.   wllbnal.  bobt. 

IMp«f> 

rlrrul.r                           «»nl>-«l 

EXTRA    HAND    WORK. 

Actual  Timr  ol  Sitting  Tool. 

Sotting  Tool  -should  liam  Taken. 

i-bil-,.                                                                          «-.lr 
r>tlp|.  :                                  .  riirr  imnrbins 

T.klniroir  rl,.lD.     IWr-r. 

uo/  Time  of  Gutting  Job  fi»ad/  to  S^t, . . , 

1 

e»HiiifJobfl»adf  to  Sel  tkould  iKittTaktn. 

ll.o,l  ,o,no  k- 
Man.)  fr^ 

SETTING    WORK.                         tcl 

Filing- 

Blraklnr  olT 

Nlllrilnil  KIiIp.  tool  holiliT.  tKrtlnll; 

illanuonir 

REMOVING    WORK.   ETC. 

Mclual  Timm  of  Eitra  Hand- Wart, 

sfioiilff  hnvit  Taknii, 

riiillilj                              |i«f«llrl  to 
■  1  rllfht  nrijrliM  In  niarttliir 

Citra  Hand-Work 

-    - 

Kliirilii(  work.  irriilii(  work  on  miini,  at- 
iImh  work  Iriif,  Willi,  wllliool  lioUl. 
Ilnl(irr> 

- 

Taking    off                      u.lu 

ael  arrow*  on                                <*lani|w  anil 
womlrn  aupiinrla 

lll.nliig   .loan                           l»ll> 
nX  Kitvw*  on                                    •■Uiii|n  anil 

Taklnft  off                         pol  arrrw*  on 
.loi- 

tt'tfillrii  aiipimrl' 

rral,  kpldt-r.  nnlvrr»al  rtinrV 
Taklni:  off                             larallr!  binrk. 
Taking  ..IT                            V  l.|.,k. 
TakioK    off                          |.il|.ii, 

jurrr*  amall  packlar 
TiWinir                        falao  fablr,  faro  plalo. 

Ornnlnji  down                               m>i  arn'W*  on 

•l(i|n 

■  •illllllll  on                               kiin-  plalr    .Irajr 

ro«l.  ■jililffr.  iiiilvrr«al  .1 k 

I'utlhif  on                          iiarallrl  l.l.irk> 
fnlllnr  on                          V  lilnrka. 

PilMlnir  on                           iillrti. 

piMw*.  ainall  |Mrkliig 
I'ullhlit  on                                   f>lM<  lalilr    farv 

plalr. 
I'lillluf  OB,  UkloK  off.  horiaonul  altlr 

T.klni;  off  lool  poat.  drill  Toal.  drill  ohuck. 

U.rlnf  bar 
PollloiirbaiDoa       Halp.  ■ 

M'.Tlnir  work  lo  flcv.r  w.ili.  «i'l...ui    i...i«i 
II.  I,.rr, 

- 

U.Ting  out.  Irrrlnf  with  lamplal.  ml 

Taking  .-ha^n  off      llrl|.vrv 
Taklnit  oul  lool  (aawanl  by 

bnlu  and                             aa«  arrow. 

Ijavrlllng. 

ti«|uarln|r  with  woodaa,  Irjr.  aquaio,  plnmbbnb 

S»tl,itg   Wort   ilicyld  Asra    Taioo. 

. 

Flilnp  MHia  walnr. 

Tarstair  IB  tmOa.     Xaabrr 
Oraniojr  B««i«Bf7  lo)nh. 

ACCIDENTAL    DELAYS. 
CARE   OF    MACHINE. 

iclutl  Timt  al  S»llii>f  Work. 

Actual  Timt  ol  Ramomng  Work,  »tc  , 

Rimotinij  Work,  tic,  shiiuld havo  Taken, 

OPERATIONS. 


REMARKS. 


TIBE  SHOULD  HAVE  TAKER. 


GETTING  JOB  READY  TO  SET. 


Lenrnin"  wliat  Lh  to  be  done,   wlicri    wf>Tk  i 

sl;ptrlirrl.  laid  oul. 
Taking  work,  bogie,  to  mwlilnc,  lioi«t,  cran* 

Uistanco }leipfrm 


(Jrtlinjr  i-hain  on  nnd  flglil-nwl. 

Hp1,,.t. 
Shifting  work  on  Root  with,  without,  hoUt, 

Helpers. ^^ 


lAti'mi:  hy  blind,  holiit,  ersne,  to  tftble,  •bMn, 

cirrnlnr  vertical  

li(irl»)ntnl  dlmnnce  IMpm 


Tiikinii  iilT  r-liiiln.     II.il|ier« 

SETTING  WORK, 

('iin"ld"rliij{  liow  to  clamp. 


Acluiil  Twill  ol  Gtlling  Job  Rtadf  lo  StI. 


CtllingJoblltadfloStlihouldhQfTakt 


lllntr  nill  liioN. 


Hlilftliijj  inbli',  lool  holdiT,  verll.«ll.« 
round  .  iiornllrl  to 

at  rlifht  anirlea  to  ninidillie 

BhlfllnK  work,  K''"'"(t  ""'k  ""  ""i 
liiiK  ivorli  trill',  Willi.  wIlliiHii  liolm 
ll..|,,,.r.. 

Ilrutvlng  ilimn  In.ll. 


""'""""' 

on 

rhi 

"'" 

1  •tiipiiorlii 

I>rii»ln/(  ilo 

nt.if. 

I'ullinu  on 

li r>l">< 

ri'iil,  Klililii 

,  iMilvi'ma 

1 .  Iiiii'k 

luiriilli'l  liliir 

Pilttlnfr  on 

V  bloi'kii. 

PuUIng  iin  lilli'ii. 

plccoa.  amall  niieking 
Putting  on  ralau  Inble.  fana 

plate, 

Piittltiy  on,  takloK  off.  Iioriaontal  aide 

Ln.vluy  out,  tr.vlug  with  tctnplat,  nid. 

Levelling, 

tjiinaring  with  wooden,  tr,r,  atjUBra,  phtinb  tioh 

Fixing  aodn  water. 


Dclual  Timt  ol  Stilinj   Wart. 


Stlling  Wort  thould  tiatt   Takt 


OPERATIONS. 


REMARKS. 


TIME  SHOULD  HAVE  TAKEN. 


SETTING  TOOL. 

o«  too)  pnM.  dn'.l  r*^   drill  rfcvek. 


.m«aa^  ferd 

Ad  Joatlaff  Tvnial  alid*.  anvw  evuinc  c^  r 
SAjmmimg  fcMX.  poppet.  cr«wha«d. 

bj  bod 


EXTRA    HAND    WORK. 

(Illpplai;  .r. 

CbipplDg  •-•■ ■  Minrl,  r,.- 

Ilaiwl  taming 
Hand  fexd 

Klllog 
BiMkiDg  off 

Slamptnf.. 

REMOVING    WORK.   ETC. 


Tiking    oS  —  bolt> 

Mtaenwaaa —  clani|«anil 

wnnikn  mppnria 
TftktofOff «etacrew»iin 


-        _  ^atopa. 

Taking  off 

mi,  >plil..r   or 


kDf«   pUI»,  ateailr 
alrl.ark 

l«rallrl  blo>-k> 


Taking  off 

Taking  "IT  '  l,i,,k. 

Taking    ..ff  pili- 

p{ecr«  amall  park  loir. 
Taklnir  falx-  Table,  fare  pl.ir. 

Taking  off  tool  poat,  drill  reat.  drill  ehurk 

Ixiring  bar.    

Patting  rbain  on.     Holpem 

MoTlag  work  to  (l»<r  Willi,  wllbonl    boial. 

_   ll.l|»r. 

Taking  rham  off      Heifer* 

Taking  oul  tool  CaauanI  br 

Imlt*  and  art«r.r». 

Tnmlag  in  toola.     Xnmfarr 
(leaning  ne<^  ^nr^  to  ^titi. 

ACCIDENTAL    DELAYS. 
CARE   OF    MACHINE. 


Hclual  Timr  of  Sotting  Tool. 


Sotting  Tool  should  haro  Taku 


tctual  Timo  ol  iitra  HandWork. 


intra  Hand-Wark  thould  hawo  Tako 


Actual  Timo  ol  Romoting  Work,  ttc  . 


R'motinq  Work,  tic.  thould horo  Takon,  I 


I 


I 
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this  subdivision  siiiiplilics  the  work,  an<l  makes  time  study  quicker 
and  more  thorough. 

368.  Tlie  reasons  for  this  are  twofold: 

(1)  In  the  art  of  shovelling  dirt,  for  instance,  the  study  of  fifty 
or  sixty  small  elements,  like  those  referred  to  above,  will  ejiahle 
one  to  fix  the  exact  time  for  many  thousands  of  conij)lete  jobs  of 
shovelling,  constituting  a  very  considerable  proportion  of  the  entire 
art. 

(2)  The  study  of  single  small  elements  is  simpler,  quicker,  and 
more  certain  to  be  successful  than  that  of  a  large  number  of 
elements  combined.  The  greater  the  length  of  time  involved  in  a 
single  item  of  time  study,  the  greater  will  be  the  likelihood  of 
interruptions  or  accidents,  which  will  render  the  results  obtained 
by  the  observer  questionable  or  even  useless. 

369.  There  is  a  considerable  part  of  the  work  of  most  establish- 
ments that  is  not  what  may  be  called  standard  work,  namely,  that 
which  is  repeated  many  times.  Such  jobs  as  this  can  be  divided 
for  time  study  into  groups,  each  of  which  contains  several  rudi- 
mentary elements.  A  division  of  this  sort  will  be  seen  by  referring 
to  the  data  entered  on  face  of  card  on  Fig.  293. 

370.  In  this  case,  instead  of  observing,  first,  the  "  time  to  fill  a 
shovel,"  and  then  the  time  to  "  throw  it  into  a  wheelbarrow,''  etc., 
a  number  of  these  more  rudimentary  operations  are  grouped  into 
the  single  operation  of :  a  =  '"  Time  filling  a  w^heelbarrow  with 
any  material,"  and  studied  as  a  w^hole. 

371.  Another  illustration  of  the  degree  of  subdivision  which  is 
desirable  will  be  found  by  referring  to  blank  on  Fig.  298. 

372.  Where  a  general  study  is  being  made  of  the  time  required 
to  do  all  kinds  of  hand  w^ork  connected  w^ith  and  usinff  machine 
tools,  the  items  printed  in  detail  should  be  timed  singly. 

373.  When  some  special  job,  not  to  be  repeated  many  times,  is 
to  be  studied,  then  several  elementary  items  can  be  grouped  to- 
gether and  studied  as  a  Avhole,  in  such  groups  for  example  as; 

"  Getting  job  ready  to  set." 

"  Setting  work." 

"  Setting  tool." 

"  Extra  hand  work." 

"  Removing  work." 

And  in  some  cases  even  these  groups  can  be  further  condensed. 

374.  An  illustration  of  the  time  units  which  it  is  desirable  to 
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sum  lip  and  properly  rocord  nnd  index  for  a  certain  kind  of  lathe 
work  is  given  in  Fi<2,-.  "2\)\). 

375.  1'lie  writer  has  found  that  when  some  jobs  are  divided  into 
their  ])roper  elements,  certain  of  these  elementary  operations  are 
so  very  small  in  time  that  it  is  difficult,  if  not  impo'ssible,  to  obtain 
accurate  readings  on  the  watch.  In  such  cases,  where  the  work 
consists  of  recurring  cycles  of  elementary  operations,  that  is, 
where  a  series  of  elementary  operations  is  repeated  over  and  over 
again,  it  is  possible  to  take  sets  of  observations  on  two  or  more  of 
the  successive  elementary  operations  which  occur  in  regular  order, 
and  from  the  times  thus  obtained  to  calculate  the  time  of  each 
element.  An  example  of  this  is  the  work  of  loading  pig  iron  on 
to  bogies.        The  elementary  operations  or  elements  consist  of: 

(1)  Picking  up  a  pig. 

(2)  Walking  with  it  to  the  bogie. 

(3)  Throwing  or  placing  it  on  the  bogie. 

(4)  Returning  to  the  pile  of  pigs. 

376.  Here  the  length  of  time  occupied  in  picking  up  the  pig  and 
throwing  or  placing  it  on  the  bogie  is  so  small  as  to  be  difficult 
to  time,  but  observations  may  be  taken  successively  on  the  ele- 
ments in  sets  of  three.  We  may,  in  other  words,  take  one  set  of 
observations  upon  the  combined  time  of  the  three  elements  num- 
bered 1,  2,  3;  another  set  upon  elements  2,  3,  4;  another  set  upon 
elements  3,  4,  1,  and  still  another  upon  the  set  4,  1,  2.  By  alge- 
braic equations  we  may  solve  the  values  of  each  of  the  separate 
elements. 

377.  If  we  take  a  cycle  consisting  of  five  (5)  elementary  opera- 
tions, a,  b,  c,  d,  e,  and  let  observations  be  taken  on  three  of  them 
at  a  time,  we  have  the  equations : 


a 

+   h  +  c 

=  A 

h 

+   c  ■\-  d 

=  B 

c 

+  d  +  e 

-  0 

d 

-r   e  +  a 

=  D 

e 

+  a  +  h 

=  E 

A  +  B  +  C+I>  +  E=S. 
378.  We  may  solve  and  obtain: 

a  =  A-\-D-lS 
I  =B  +  E  -Is 
c  =  c+A-iS 
d=D+B -\S 
e  ^E-v  C-\8. 
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5.981.  7-16-8;  1500. 

The   Midvale   Steel   Co. 
Form  D— 124.  Machine  Shop, 18 

Estimates  for   Work   on    Lathes. 


OPERATIONS  CONNECTED  WITH  PRE- 
PARING TO  MACHINEWORK  ON  LATHES 
AND  WITH  REMOVING  WORK  TO  FLOOR 
AFTER   IT   HAS   BEEN    MACHINED 


OPERATIONS. 


TIME    IN 
MINUTES. 


Fitting  chain  od.  Work  on  Floor, 

*'  •'       Work  on  Centres, 

Taking  off  chain.  Work  on  Floor, 

"  ■•       Work  on  Cent reg, 

Patting  on  Carrier, 
Taking  off 

Lifting  Work  to  Shears, 
Getting  Work  on  Centre?. 
Lifting  W'k  from  Centres  to  Floor, 
Turning  Work,  end  for  end. 
Adjusting  Soda  Water, 
Stamping. 
Centre-punching. 
Trying  Trueness  with  Chalk, 

''       with  Callipers, 

"  with  Gauge, 
Putting  in  Mandrel, 
Taking  out 

Putting  in  Plug  Centres, 
Taking  out        •' 
Putting  in  False  Centres, 
Taking  out         " 
Putting  on  Spiders, 
Taking  off 

Putiine  on  Follow  Rest, 
Taking  ofi 

Putting  on  Face  Plate. 
Taking  off  '• 

l*ntting  on  Chuck, 
Taking  off 

Laying  out. 

Changing  Tools, 

Patting  in  Packing, 

Cut  to  Cut. 

Learning  what  is  to  be  done, 

Considering  how  to  Clamp, 

Oiling  up. 

Cleaning  Machine. 

Chansrine  Time  Notes. 

Changing  Tools  at  Tool  Room, 

Shifting'Work, 

Putting  on  Former, 

Takinsr  off 

Adjusting  Feed. 
"  Speed. 
'•         Poppet  Head, 
"         Screw  Cutting  Gear, 


Name, 

Sketch Number 

Order, Weight, 

Metal, -Heat  No. 

Tensile  Strength, Chem.  Comp 

Per  Cent,  of  Stretch, 

HARDNESS,  Class 


OPERATIONS  CONNECTED   WITH 
MACHINING    WORK     ON     LATHES. 


OPERATIONS. 


Turning  Feed  In. 

Hand  Feed, 
Boring  Feed  In, 

'•      Hand  Feed, 
Starting  Cut, 
Finishing  Cat, 
Fillet, 

n 

Collar, 
Facing, 
;  Slicing, 

Nicking, 

Centring, 

Filing, 

Using  Emery  Cloth, 


SIGNED, 


TOTAL,      I 


»     3 


Min. 
utes. 


TOTAL 


Machining— Two  Headi^  L'sed. 

—One  He«d  Used, 
Hand  Work, 
Additional  Allowance, 


TOTAL   TIME, 
HIGH    RATE, 
LOW    RATE 


Remarks, 


Time  actuai.y  taken, 


92 


Fig.  299. 
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370.  The  writer  was  surprised  to  find,  however,  that  while  in 
some  cases  these  equations  were  readily  solved,  in  others  they  were 
impossible  of  solution.  My  friend,  Mr.  Carl  J.  Barth,  when  the 
matter  was  referred  to  him,  soon  developed  the  fact  that  the  num- 
ber of  elements  of  a  cycle  which  may  be  observed  together  is  sub- 
ject to  a  mathematical  law,  which  is  expressed  by  him  as  follows : 

The  Qiumher  of  successive  elements  observed  together  must  he 
prime  to  the  total  nujiiber  of  elements  in  the  cycle. 

380.  JSTamely,  the  number  of  elements  in  any  set  must  contain 
no  factors ;  that  is,  must  be  divisible  by  no  numbers  which  are  con- 
tained in  the  total  number  of  elements.  The  following  table  is, 
therefore,  calculated  by  Mr.  Barth  showing  how  many  operations 
may  be  observed  together  in  various  cases.  The  last  column  gives 
the  number  of  observations  in  a  set  which  will  lead  to  the  deter- 
mination of  the  results  with  the  minimum  of  labor. 


No.  of  Operations 

No.  of  Operations  that  may  be  observed 

No.  observed  together  that  lead 
to  a  minimum  of  labor  or  is 

in  the  Cycle. 

logerner. 

otherwise 

preferable. 

3 

2 

2 

4 

3 

3 

5 

2,8, 

or  4 

3  or 

4 

6 

5 

5 

7 

,  2,3, 

4,  5,  or  6 

4  or 

6 

8 

3,5, 

or? 

5  or 

7 

9 

2.4, 

5,  7,  or  8 

5  or 

8 

10 

3,7, 

or  9 

7  or 

9 

11 

2,3, 

4,  5,  6,  7,  8,  9,  or  10 

5  or 

10 

13 

5.7, 

or  11 

7  or 

11 

381.  When  time  study  is  undertaken  in  a  systematic  way,  it  be- 
comes possible  to  do  greater  justice  in  many  ways  both  to  employ- 
ers and  workmen  than  has  been  done  in  the  past.  For  example,  we 
all  know  that  the  first  time  that  even  a  skilled  workman  does  a  job 
it  takes  him  a  longer  time  than  is  required  after  he  is  familiar 
mth  his  work,  and  used  to  a  particular  sequence  of  operations. 
The  practised  time  student  can  not  only  figure  out  the  time  in 
which  a  piece  of  work  should  be  done  by  a  good  man,  after  he  has 
become  familiar  with  this  particular  job  through  practice,  but  he 
should  also  be  able  to  state  how  much  more  time  would  be  required 
to  do  the  same  job  when  a  good  man  goes  at  it  for  the  first  time; 
and  this  knowledge  would  make  it  possible  to  assign  one  time 
limit  and  price  for  new  work,  and  a  smaller  time  and  price  for 
the  same  job  after  being  repeated,  which  is  much  more  fair  and 
just  to  both  parties  than  the  usual  fixed  price. 
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382.  As  tlio  writer  has  said  several  times,  the  difTcrence  be- 
tween the  best  speed  of  a  first-class  man  and  the  actual  speed  of 
the  average  man  is  very  great.  One  of  the  most  difficult  pieces 
of  work  which  must  be  faced  by  the  man  who  is  to  set  the  daily 
tasks  is  to  decide  just  how  hard  it  is  wise  for  him  to  make  the  task. 
Shall  it  be  fixed  for  a  first-class  man,  and  if  not,  then  at  whdt 
point  between  the  first-class  and  the  average  ? 

3S3.  One  fact  is  clear,  it  should  always  be  well  above  the  per- 
formance of  the  average  man,  since  men  will  invariably  do  better 
if  a  bonus  is  offered  them  than  they  have  done  without  this  in- 
centive. 

38-4.  The  writer  has,  in  almost  all  cases,  solved  this  part  of  the 
problem  by  fixing  a  task  which  required  a  first-class  man  to  do  his 
best,  and  then  offering  a  good  round  premium.  When  this  high 
standard  is  set  it  takes  longer  to  raise  the  men  up  to  it.  But  it 
is  surprising  after  all  how  rapidly  they  develop. 

385.  The  precise  point  between  the  average  and  the  first-class, 
which  is  selected  for  the  task,  should  depend  largely  upon  the  la- 
bor market  in  which  the  works  is  situated.  If  the  works  were  in  a 
fine  labor  market,  such,  for  instance,  as  that  of  Philadelphia,  there 
is  no  question  that  the  highest  standard  should  be  aimed  at.  If, 
on  the  other  hand,  the  shop  required  a  good  deal  of  skilled  labor, 
and  were  situated  in  a  small  country  town,  it  might  be  wise  to  aim 
rather  lower.  There  is  a  great  difference  in  the  labor  markets  of 
even  some  of  the  adjoining  states  in  this  country,  and  in  one 
instance  in  which  the  writer  was  aiming  at  a  high  standard  in 
organizing  a  works,  he  found  it  necessary  to  import  almost  all  of 
his  men  from  a  neighboring  state  before  meeting  with  success. 

386.  Whether  the  bonus  is  given  only  when  the  work  is  done  in 
the  quickest  time  or  at  some  point  between  this  and  the  average 
time,  in  all  cases  the  instruction  card  should  state  the  best  time  in 
which  the  work  can  be  done  by  a  first-class  man.  There  will  then 
be  no  suspicion  on  the  part  of  tlie  men  when  a  longer  ^'  bonus 
time  ''  is  allowed,  that  the  time  student  does  not  really  know  the 
possibilities  of  the  case.  For  example,  the  instruction  card  might 
read: 

Proper  time 65  minutes. 

Bonus  given  first  time  job  is  done .  .  .108  minutes. 

387.  It  is  of  the  greatest  importance  that  the  man  who  has 
charge  of  assigning  tasks  should  be  perfectly  straightforward  in  all 
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of  Ilia  dealings  with  the  men.  Neither  in  this  nor  in  any  other 
branch  of  the  management  should  a  man  make  any  pretence  of 
having  more  knowledge  than  he  really  possesses.  He  should 
impress  the  workmen  with  the  fact  that  he  is  dead  in  earnest,  and 
that  he  fully  intends  to  know  all  about  it  some  day;  but  he  should 
make  no  claim  to  omniscience,  and  should  always  be  ready  to 
acknowledge  and  correct  an  error  if  he  makes  one.  This  combi- 
nation of  determination  and  frankness  establishes  a  sound  and 
healthy  relation  between  the  management  and  men. 

388.  There  is  no  class  of  work  which  cannot  be  profitably  sub- 
mitted to  time  study,  by  dividing  it  into  its  time  elements,  except 
such  operations  as  take  place  in  the  head  of  the  worker;  and  the 
writer  has  even  seen  a  time  study  made  of  the  speed  of  an  average 
and  first-class  boy  in  solving  problems  in  mathematics.  Clerk  work 
can  well  be  submitted  to  time  study,  and  a  daily  task  assigned  in 
work  of  this  class  which  at  first  appears  to  be  very  miscellaneous 
in  its  character. 

389.  One  of  the  needs  of  modern  management  is  that  of  litera- 
ture on  the  subject  of  time  study.  The  writer  quotes  as  follows 
from  his  paper  on  "  A  Piece  Rate  System,''  written  in  1895  : 

390.  "  Practically  the  greatest  need  felt  in  an  establishment 
wishing  to  start  a  rate-fixing  department  is  the  lack  of  data  as  to 
the  proper  rate  of  speed  at  which  work  should  be  done.  There  are 
hundreds  of  operations  which  are  common  to  most  large  establish- 
ments, yet  each  concern  studies  the  speed  problem  for  itself,  and 
days  of  labor  are  wasted  in  what  should  be  settled  once  for  all,  and 
recorded  in  a  form  which  is  available  to  all  manufacturers. 

391.  "  What  is  needed  is  a  hand-book  on  the  speed  with  which 
work  can  be  done,  similar  to  the  elementary  engineering  hand- 
books. And  the  writer  ventures  to  predict  that  such  a  book  will 
before  long  be  forthcoming.  Such  a  book  should  describe  the  best 
method  of  making,  recording,  tabulating,  and  indexing  time- 
observations,  since  much  time  and  effort  are  wasted  by  the  adop- 
tion of  inferior  methods." 

392.  Unfortunately  this  prediction  has  not  yet  been  realized. 
The  writer's  chief  object  in  inducing  Mr.  Thompson  to  undertake 
a  scientific  time  study  of  the  various  building  trades  and  to  Join 
him  in  a  publication  of  this  work  was  to  demonstrate  on  a  large 
scale  not  only  the  desirability  of  accurate  time  study,  but  the 
efliciency  and  superiority  of  the  method  of  studying  elementary 
units  as  outlined  above.     He  trusts  that  his  object  may  be  realized 
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and  that  the  publication  of  this  book  may  be  fnllowod  l)y  similar 
works  on  other  trades  and  more  })artieuhirly  on  the  (h'tails  of 
machine-shop  })ractice,  in  which  he  is  especially  interested. 

o03.  As  a  machine  shop  has  been  chosen  to  illustrate  the*  ap])li- 
cation  of  such  details  of  modern  management  as  time  study,  the 
planning  department,  functional  foremanship,  instruction  cards, 
etc.,  the  description  would  be  far  from  complete  witliout  at  least 
a  brief  reference  to  the  methods  employed  in  solving  the  time 
problem  for  machine  tools.     ^ 

304.  The  study  of  this  subject  involves  the  solution  of  four  im- 
portant problems : 

395.  First.  The  power  required  to  cut  different  kinds  of  metals 
with  tools  of  various  shapes  when  using  different  depths  of  cut 
and  coarseness  of  feed,  and  also  the  power  required  to  feed  the 
tool  under  varying  conditions. 

396.  Second.  An  investigation  of  the  laws  governing  the  cut- 
ting of  metals  with  tools,  chiefly  with  the  object  of  determining  the 
effect  upon  the  best  cutting  speed  of  each  of  the  following  vari- 
ables : 

(a)  The  quality  of  tool  steel  and  treatment  of  tools  (i.e.,  in 
heating,  forging  and  tempering  them). 

(b)  The  shape  of  tool  {i.e.,  the  curve  or  line  of  the  cutting 
edge,  the  lip  angle  and  clearance  angle). 

(c)  The  duration  of  cut  or  the  length  of  time  the  tool  is  re- 
quired to  last  before  being  re-ground. 

(d)  The  quality  or  hardness  of  the  metal  being  cut  (as  to  its 
effect  on  cutting  speed). 

(e)  The  depth  of  the  cut. 

(f)  The  thickness  of  the  feed  or  shaving. 

(g)  The  effect  on  cutting  speed  of  using  w^ater  or  other  cool- 
ing  medium   on  the   tool. 

397.  Third.  The  best  methods  of  analyzing  the  driving  and 
feeding  power  of  machine  tools  and,  after  considering  their  limita- 
tions as  to  speeds  and  feeds,  of  deciding  upon  the  proper  counter- 
shaft or  other  general  driving  speeds. 

398.  Fourth.  After  the  study  of  the  first,  second  and  third 
problems  had  resulted  in  the  discovery  of  certain  clearly  defined 
laws,  which  were  expressed  by  mathematical  formulae,  the  last  and 
most  difficult  task  of  all  lay  in  finding  a  means  for  solving  the 
entire  problem  which  should  be  so  practical  and  simple  as  to 
enable  an  ordinary  mechanic  to  answer  quickly  and  accurately 
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for  each  niacin  no  in  the  shop  the  question,  ''  What  driving  speed, 
feed  and  depth  of  cut  will  in  each  particular  case  do  the  work  in 
the  (juickest  time?  " 

399.  In  18S1,  in  the  machine  shop  of  the  Midvale  Steel  Com- 
pany, the  writer  began  a  systematic  study  of  the  laws  involved  in 
the  first  and  second  problems  above  referred  to  by  devoting  the  en- 
tire time  of  a  large  vertical  boring  mill  to  this  work  with  special 
arrangements  for  varying  the  drive  so  as  to  obtain  any  desired 
speed.  The  needed  uniformity  of  the  metal  was  obtained  by 
using  large  locomotive  tires  of  known  chemical  composition, 
physical  properties  and  hardness,  weighing  from  1,500  to  2,000 
pounds. 

400.  For  the  greater  part  of  the  past  22  years  these  experiments 
have  been  carried  on,  first  at  Midvale  and  later  in  several  other 
shops,  under  the  general  direction  of  the  writer,  by  his  friends 
and  assistants,  six  machines  having  been  at  various  times  espe- 
cially fitted  up  for  this  purpose. 

401.  The  exact  determination  of  these  laws  and  their  reduction 
to  formulae  have  proved  a  slow  but  most  interesting  problem;  but 
by  far  the  more  difficult  undertaking  has  been  the  development  of 
the  methods  and  finally  the  appliances  (slide  rules)  for  making 
practical  use  of  these  laws  after  they  were  discovered. 

402.  In  1884  the  ^vriter  succeeded  in  making  a  slow  solution  of 
this  problem  with  the  help  of  his  friend,  Mr.  Geo.  M.  Sinclair,  by 
indicating  the  values  of  these  variables  through  curves  and  laying 
down  one  set  of  curves  over  another.  Later  my  friend,  Mr.  H. 
L.  Gantt,  after  devoting  about  IJ  years  exclusively  to  this  Avork, 
obtained  a  much  more  rapid  and  simple  solution.  It  was  not, 
however,  until  1900,  in  the  works  of  the  Bethlehem  Steel  Com- 
pany, that  Mr.  Carl  G.  Earth,  with  the  assistance  of  Mr.  Gantt, 
and  a  small  amount  of  help  from  the  writer,  succeeded  in  develop- 
ing a  slide  rule  by  means  of  which  the  entire  problem  can  be 
accurately  and  quickly  solved  by  any  mechanic.  And  Messrs. 
Gantt  and  Earth  arc  now  engaged  in  the  thoroughly  practical 
work  of  introducing  these  slide  rules  and  the  methods  accompany- 
ing them  into  various  machine  shops. 

403.  The  difficulty  from  a  mathematical  standpoint  of  obtaining 
a  rapid  and  accurate  solution  of  this  problem  will  be  appreciated 
when  it  is  remembered  that  nine  independent  variables  enter 
into  each  problem,  and  that  a  change  in  any  of  these  will  affect 
the   answer. 
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404.  Tlio  writer  liopcs  in  the  future  to  read  a  paper  before  this 
Society  describing  these  hiws  and  the  method  of  their  applica- 
tion; and  ho  trusts  that  Mr.  Earth  may  be  induced  to  describe 
his  application  of  the  slide  rule  to  this  problem. 

405.  The  instruction  card  can  be  put  to  wide  and  varied  use.  It 
is  to  the  art  of  management  what  the  drawing  is  to  engineering, 
and,  like  the  latter,  should  vary  in  size  and  form  according  to 
the  amount  and  variety  of  the  information  which  it  is  to  convey. 
In  some  cases  it  should  consist  of  a  pencil  memorandum  on  a 
small  piece  of  paper  Avhich  will  be  sent  directly  to  the  man  re- 
quiring the  instructions,  while  in  others  it  will  be  in  the  form  of 
several  pages  of  typewritten  matter,  properly  varnished  and 
mounted,  and  issued  under  the  check  or  other  record  system,  so 
that  it  can  be  used  time  after  time.  A  description  of  an  instruc- 
tion card  of  this  kind  may  be  useful. 

406.  After  the  writer  had  become  convinced  of  the  economy  of 
standard  methods  and  appliances,  and  the  desirability  of  relieWng 
the  men  as  far  as  possible  from  the  necessity  of  doing  the  plan- 
ning, wdiile  master  mechanic  at  Midvale,  he  tried  to  get  his  assist- 
ant to  write  a  complete  instruction  card  for  overhauling  and 
cleaning  the  boilers  at  regailar  periods,  to  be  sure  that  the  inspec- 
tion was  complete,  and  that  while  the  work  was  thoroughly  done, 
the  boilers  should  be  out  of  use  as  short  a  time  as  possible,  and 
also  to  have  the  various  elements  of  this  work  done  on  piece  work 
instead  of  by  the  day.  His  assistant,  not  having  undertaken 
work  of  this  kind  before,  failed  at  it,  and  the  writer  was  forced  to 
do  it  himself.  He  did  all  of  the  work  of  chipping,  cleaning  and 
overhauling  a  set  of  boilers  and  at  the  same  time  made  a  careful 
time  study  of  each  of  the  elements  of  the  work.  This  time  study 
showed  that  a  great  part  of  the  time  was  lost  owing  to  the  con- 
strained position  of  the  workman.  Thick  pads  were  made  to 
fasten  to  the  elbows,  knees  and  hips;  special  tools  and  appliances 
were  made  for  the  various  details  of  the  work;  a  complete  list  of 
the  tools  and  implements  was  entered  on  the  instruction  card,  each 
tool  being  stamped  with  its  own  number  for  identification,  and  all 
were  issued  from  the  tool  room  in  a  tool  box  so  as  to  keep  them 
together  and  save  time.  A  separate  piece-work  price  was  fixed 
for  each  of  the  elements  of  the  job  and  a  thorough  inspection  of 
each  part  of  the  work  secured  as  it  was  completed. 

407.  The  instruction  card  for  this  work  filled  several  typewrit- 
ten pages,  and  described  in  detail  the  order  in  which  the  operations 
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sliould  bo  done  and  the  exact  details  of  each  man's  work  with  the 
number  of  each  tool  required,  piece  work  prices,  etc. 

408.  The  Avhole  scheme  was  much  laughed  at  when  it  first  went 
into  use,  but  the  trouble  taken  was  fully  justified,  for  the  work  was 
better  done  than  ever  before,  and  it  cost  only  eleven  dollars  to 
completely  overhaul  a  set  of  300  H.P.  boilers  by  this  method, 
while  the  average  cost  of  doing  the  same  work  on  day  work  with- 
out an  instruction  card  was  sixty-two  dollars. 

409.  Regarding  the  personal  relations  which  should  be  main- 
tained between  employers  and  their  men,  the  writer  quotes  as  fol- 
lows from  his  paper  written  in  1895.  Eight  years  of  additional 
experience  have  only  served  to  confirm  and  strengthen  these 
views;  and  although  the  greater  part  of  this  time,  in  his  work  of 
shop  organization,  has  been  devoted  to  the  difficult  and  delicate 
task  of  inducing  workmen  to  change  their  ways  of  doing  things  he 
has  never  been  opposed  by  a  strike. 

410.  "  There  has  never  been  a  strike  by  men  working  under 
this  system,  although  it  has  been  applied  at  the  Midvale  Steel 
Works  for  the  past  ten  years ;  and  the  steel  business  has  proved 
during  this  period  the  most  fruitful  field  for  labor  organizations 
and  strikes.  And  this  notwithstanding  the  fact  that  the  Midvale 
Company  has  never  prevented  its  men  from  joining  any  labor 
organization.  All  of  the  best  men  in  the  company  saw  clearly 
that  the  success  of  a  labor  organization  meant  the  lowering  of 
their  wages  in  order  that  the  inferior  men  might  earn  more,  and, 
of  course,  could  not  be  persuaded  to  join. 

411.  ^'  I  attribute  a  great  part  of  this  success  in  avoiding  strikes 
to  the  high  wages  which  the  best  men  were  able  to  earn  with  the 
differential  rates,  and  to  the  pleasant  feeling  fostered  by  this 
system ;  but  this  is  by  no  means  the  whole  cause.  It  has  for  years 
been  the  policy  of  that  company  to  stimulate  the  personal  ambition 
of  every  man  in  their  employ  by  promoting  them  either  in  wages 
or  position  whenever  they  deserved  it,  and  the  opportunity  came. 

412.  "A  careful  record  has  been  kept  of  each  man's  good  points 
as  well  as  his  shortcomings,  and  one  of  the  principal  duties  of  each 
foreman  was  to  make  this  careful  study  of  his  men  so  that  sub- 
stantial justice  could  be  done  to  each.  When  men^  throughout 
an  establishment  are  paid  varying  rates  of  day-work  wages  accord- 
ing to  their  individual  worth,  some  being  above  and  some  below 
the  average,  it  cannot  be  for  the  intrest  of  those  receiving  high 
pay  to  join  a  union  with  the  cheap  men. 
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413.  ^^  ^N"©  system  of  management,  however  good,  should  be  ap- 
plied in  a  wooden  way.  The  proper  personal  relations  should  al- 
ways be  maintained  between  the  employers  and  men;  and  even  the 
prejudices  of  the  workmen  should  be  considered  in  dealing  with 
them. 

414.  "  The  employer  who  goes  through  his  works  with  kid 
gloves  on,  and  is  never  known  to  dirty  his  hands  or  clothes,  and 
who  either  talks  to  his  men  in  a  condescending  or  patronizing  way, 
or  else  not  at  all,  has  no  chance  whatever  of  ascertaining  their  real 
thoughts  or  feelings. 

415.  ^^  Above  all,  is  it  desirable  that  men  should  be  talked  to  on 
their  own  level  by  those  who  are  over  them.  Each  man  should  be 
encouraged  to  discuss  any  trouble  which  he  may  have,  either  in 
the  works  or  outside,  with  those  over  him.  Men  would  far  rather 
even  be  blamed  by  their  bosses,  especially  if  the  "  tearing  out" 
has  a  touch  of  human  nature  and  feeling  in  it,  than  to  be  passed 
by  day  after  day  without  a  word,  and  with  no  more  notice  than 
if  they  were  part  of  the  machinery. 

416.  "  The  opportunity  v.Iiich  each  man  should  have  of  airing 
his  mind  freely,  and  having  it  out  with  his  employers,  is  a  safety- 
valve;  and  if  the  superintendents  are  reasonable  men,  and  listen 
to  and  treat  with  respect  what  their  men  have  to  say,  there  is  ab- 
solutely no  reason  for  laboj  unions  and  strikes. 

«/ 

417.  '^  It  is  not  the  large  charities  (however  generous  they  may 
be)  that  are  needed  or  appreciated  by  workmen  so  much  as  small 
acts  of  personal  kindness  and  sympatliy,  which  establish  a  bond  of 
friendly  feeling  between  them  and  their  employers. 

418.  '^  The  moral  effect  of  this  system  on  the  men  is  marked. 
The  feeling  that  substantial  justice  is  being  done  them  renders 
them  on  the  whole  much  more  manly,  straightforward  and  truth- 
ful. They  work  more  cheerfully,  and  are  more  obliging  to  one 
another  and  their  employers.  They  are  not  soured,  as  under  the 
old  svstem,  bv  broodins:  over  the  injustice  done  them:  and  their 
spare  minutes  are  not  spent  to  the  same  extent  in  criticising  their 
employers.'' 

419.  The  writer  has  a  profound  respect  for  the  working  men  oi 
this  country.  He  is  proud  to  say  that  he  has  as  many  finn  friends 
among  them  as  among  his  other  friends  who  were  born  in  a  differ- 
ent class,  and  he  believes  that  quite  as  many  men  of  fine  character 
and  ability  are  to  be  found  among  the  former  as  in  the  latter. 
Being  himself  a  college  educated  man,  and  having  filled  the  van- 
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ous  positions  of  foreman,  master  mechanic,  chief  draftsman,  chief 
engineer,  general  superintendent,  general  manager,  auditor  and 
head  of  the  sak's'  dei)artment,  on  the  one  hand,  and  on  the  other 
hand  having  been  for  several  years  a  workman,  as  apprentice, 
Laborer,  machinist,  and  gang  boss,  his  sympathies  are  equally  di- 
vided between  the  two  classes. 

420.  He  is  firmly  convinced  that  the  best  interests  of  workmen 
and  their  employers  are  the  same;  so  that  in  his  criticism  of  labor 
unions  he  feels  that  he  is  advocating  the  interests  of  both  sides. 

421.  ''  He  is  far  from  taking  the  view  held  by  many  manufac- 
turers that  labor  unions  are  an  almost  unmitigated  detriment  to 
those  wdio  join  them,  as  well  as  to  employers  and  the  general 
public. 

422.  "The  labor  unions — particularly  the  trades  unions  of  Eng- 
land— have  rendered  a  great  service,  not  only  to  their  members, 
but  to  the  world,  in  shortening  the  hours  of  labor  and  in  modifying 
the  hardships  and  improving  the  conditions  of  wage-^vorkers. 

423.  "  In  the  writer's  judgment  the  system  of  treating  with 
labor  unions  would  seem  to  occupy  a  middle  position  among  the 
various  methods  of  adjusting  the  relations  between  employers  and 
men. 

424.  "  When  employers  herd  their  men  together  in  classes,  pay 
all  of  each  class  the  same  wages,  and  offer  none  of  them  any  in- 
ducements to  work  harder  or  do  better  than  the  average,  the  only 
remedy  for  the  men  lies  in  combination;  and  frequently  the  only 
possible  answer  to  encroachments  on  the  part  of  their  employers 
is  a  strike. 

425.  "  This  state  of  affairs  is  far  from  satisfactory  to  either  em- 
ployers or  men,  and  the  writer  believes  the  system  of  regulating 
the  wages  and  conditions  of  employment  of  whole  classes  of  men 
by  conference  and  agreement  between  the  leaders  of  unions  and 
manufacturers  to  be  vastly  inferior,  both  in  its  moral  effect  on  the 
men  and  on  the  material  interests  of  both  parties,  to  the  plan  of 
stimulating  each  workman's  ambition  by  paying  him  according  to 
his  individual  worth,  and  without  limiting  him  to  the  rate  of  work 
or  pay  of  the  average  of  his  class." 

426.  The  amount  of  work  which  a  man  should  do  in  a  day,  what 
constitutes  proper  pay  for  this  work,  and  the  maximum  number  of 
hours  per  day  which  a  man  should  work  together  form  the  most 
important  elements  which  are  discussed  between  workmen  and 
their  employers.     The  writer  has  attempted  to  show  that  these 
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matters  can  ho  much,  better  determined  by  the  expert  time  student 
tlian  by  either  the  union  or  a  board  of  directors,  and  he  firmly 
believes  that  in  the  future  scientific  time-study  will  establish 
standards  which  will  be  accepted  as  fair  by  both  sides. 

427.  There  is  no  reason  why  labor  unions  should  not  be  so  con- 
stituted as  to  be  a  great  help  both  to  employers  and  men.  Un- 
fortunately, as  they  now  exist  they  are  in  many,  if  not  most,  cases 
a  hindrance  to  the  prosperity  of  both. 

428.  The  chief  reasons  for  this  would  seem  to  be  a  failure  on 
the  part  of  the  workmen  to  understand  the  broad  principles  which 
affect  their  best  interests  as  well  as  those  of  their  employers.  (It 
may  be  said,  however,  that  employers  as  a  whole  are  not  much 
better  informed  nor  more  interested  in  this  matter  than  their 
workmen.) 

429.  One  of  the  unfortunate  features  of  labor  unions  as  they 
now  exist  is  that  the  members  look  upon  the  dues  which  they  pay 
to  the  union,  and  the  time  that  they  devote  to  it,  as  an  investment 
which  should  bring  them  an  annual  return,  and  they  feel  that 
unless  they  succeed  in  getting  either  an  increase  in  wages  or 
shorter  hours  every  year  or  so,  the  money  which  they  pay  into 
the  union  is  wasted.  The  leaders  of  the  unions  realize  this  and, 
particularly  if  they  are  paid  for  their  services,  are  apt  to  spend 
considerable  of  their  time  scaring  up  grievances  whether  they 
exist  or  not.  This  naturally  fosters  antagonism  instead  of  friend- 
ship between  the  two  sides. 

430.  There  are,  of  course,  marked  exceptions  to  this  rule:  that 
of  the  Brotherliood  of  Locomotive  Engineers  being  perhaps  the 
most  prominent. 

431.  The  most  serious  of  the  delusions  and  fallacies  under  which 
workmen,  and  particularly  those  in  many  of  the  unions,  are  suffer- 
ing is  that  it  is  for  their  interest  to  limit  the  amount  of  work  which 
a  man  should  do  in  a  day. 

432.  There  is  no  question  that  the  greater  the  daily  output  of 
the  average  individual  in  a  trade  the  greater  will  be  the  average 
wages  earned  in  the  trade,  and  that  in  the  long  run  turning  out  a 
large  amount  of  work  each  day  will  give  them  higher  wages, 
steadier  and  more  work,  instead  of  throwing  them  out  of  work. 
The  worst  thing  that  a  labor  union  can  do  for  its  members  in  the 
lone'  run  is  to  limit  the  amount  of  work  which  they  allow  each 
workman  to  do  in  a  day.  If  their  employers  are  in  a  competitive 
business,  sooner  or  later  those  competitors  whose  workmen  do  not 
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limit  the  output  will  take  the  trade  away  from  them,  and  they 
will  bo  thrown  out  of  work.  And  in  the  meantime  the  small  day's 
work  which  they  have  accustomed  themselves  to  do  demoralizes 
them,  and  instead  of  developing  as  men  do  when  they  use  their 
strength  and  faculties  to  the  utmost,  and  as  men  should  do  from 
year  to  year,  they  grow  lazy,  spend  much  of  their  time  pitying 
themselves,  and  are  less  able  to  compete  with  other  men.  For- 
bidding their  members  to  do  more  than  a  given  amount  of  work 
in  a  day  has  been  the  greatest  mistake  made  by  the  English  trades 
unions.  The  whole  of  that  country  is  suffering  more  or  less  from 
this  error  now.  Their  workmen  are  for  this  reason  receiving 
lower  wages  than  they  might  get,  and  in  many  cases  the  men, 
under  the  influence  of  this  idea,  have  grown  so  slow  that  they 
would  find  it  difficult  to  do  a  good  day's  work  even  if  public 
opinion  encouraged  them  in  it. 

433.  In  forcing  their  members  to  work  slowly  they  use  certain 
cant  phrases  which  sound  most  plausible  until  their  real  meaning 
is  analyzed.  They  continually  use  the  expression,  "  Workmen 
should  not  be  asked  to  do  more  than  a  fair  day's  work,"  which 
sounds  right  and  just  until  we  come  to  see  how  it  is  applied.  The 
absurdity  of  its  usual  application  would  be  apparent  if  we  were 
to  apply  it  to  animals.  Suppose  a  contractor  had  in  his  stable  a 
miscellaneous  collection  of  draft  animals,  including  small  donkeys, 
ponies,  light  horses,  carriage  horses  and  fine  dray  horses,  and  a 
law  were  to  be  made  that  no  animal  in  the  stable  should  be  allowed 
to  do  more  than  "  a  fair  day's  work  "  for  a  donkey.  The  injustice 
of  such  a  law  would  be  apparent  to  every  one.  The  trades  unions, 
almost  without  an  exception,  admit  all  of  those  in  the  trade  to 
membership — providing  they  pay  their  dues.  And  the  difference 
between  the  first-class  men  and  the  poor  ones  is  quite  as  great  as 
that  between  fine  dray  horses  and  donkeys  (in  the  case  of  horses 
this  difference  is  well  known  to  every  one;  with  men,  however,  it 
is  not  at  all  generally  recognized).  When  a  labor  union,  under 
the  cloak  of  the  expression  ^'  a  fair  day's  work,"  refuses  to  allow 
a  first-class  man  to  do  any  more  work  than  a  slow  or  inferior  work- 
man can  do,  its  action  is  quite  as  absurd  as  limiting  the  work  of  a 
fine  dray  horse  to  that  of  a  donkey  would  be. 

434.  Promotion,  high  wages,  and,  in  some  cases,  shorter  hours 
of  work  are  the  legitimate  ambitions  of  a  workman,  but  any 
scheme  which  curtails  the  output  should  be  recognized  as  a  device 
for  lowering  wages  in  the  long  run. 
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435.  Any  limit  to  the  maximum  wages  which  men  are  allowed 
to  earn  in  a  trade  is  equally  injurious  to  their  best  interests. 

4oO.  The  "  minimum  wage  ''  is  the  least  harmful  of  the  rules 
which  are  generally  adopted  by  trades  unions,  though  it  frequently 
w^orks  an  injustice  to  the  better  workmen.  For  example,  the 
writer  has  been  used  to  having  his  machinists  earn  all  the  way 
from  $1.50  to  seven  and  eight  dollars  per  day,  according  to  the 
individual  worth  of  the  men.  Supposing  a  rule  were  made  that 
no  machinist  should  be  paid  less  than  $2.50  per  day.  It  is  evi- 
dent that  if  an  employer  were  forced  to  pay  $2.50  per  day  to  men 
who  were  only  worth  $1.50  or  $1.75,  in  order  to  compete  he  would 
be  obliged  to  lower  the  wages  of  those  who  in  the  past  were  getting 
more  than  $2.50,  thus  pulling  down  the  better  workers  in  order 
to  raise  up  the  poorer  men.  Men  are  not  born  equal,  and  any 
attempt  to  make  them  so  is  contrary  to  nature's  laws  and  will  fail. 

437.  Some  of  the  labor  unions  have  succeeded  in  persuading  the 
people  in  parts  of  this  country  that  there  is  something  sacred  in 
the  cause  of  union  labor  and  that,  in  the  interest  of  this  cause,  the 
union  should  receive  moral  support  whether  it  is  right  in  any 
particular  case  or  not. 

438.  Union  labor  is  sacred  just  so  long  as  its  acts  are  fair  and 
good,  and  it  is  damnable  just  as  soon  as  its  acts  are  bad.  Its  rights 
are  precisely  those  of  non-union  labor,  neither  greater  nor  less. 
The  boycott,  the  use  of  force  or  intimidation,  and  the  oppression  of 
non-union  workmen  by  labor  unions  are  damnable;  these  acts  of 
tyranny  are  thoroughly  un-American  and  will  not  be  tolerated  by 
the  American  people. 

439.  Some  method  of  discijilining  the  men  is  unfortunately  a 
necessary  element  of  all  systems  of  management.  It  is  important 
that  a  consistent,  carefully  considered  plan  should  be  adopted  for 
this  as  for  all  other  details  of  the  art.  ^o  system  of  discipline  is 
at  all  complete  which  is  not  sufficiently  broad  to  cover  the  great 
variety  in  the  character  and  disposition  of  the  various  men  to  be 
found  in  a  shop.  • 

440.  There  is  a  large  class  of  men  who  require  really  no  disci- 
pline in  the  ordinary  acceptance  of  the  term ;  men  who  are  so  sen- 
sitive, conscientious  and  desirous  of  doing  just  what  is  right  that  a 
suggestion,  a  few  words  of  explanation,  or  at  most  a  brotherly  ad- 
monition is  all  that  they  require.  In  all  cases,  therefore,  one 
should  begin  with  every  new  man  by  talking  to  him  in  the  most 
friendly  way,  and  this  should  be  repeated  several  times  over  until 
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it  is  evident  that  mild  treatment  does  not  produce  the  desired 
effect. 

441.  Certain  men  are  both  thick-skinned  and  coarse-grained, 
and  these  individuals  are  apt  to  mistake  a  mild  manner  and  a 
kindly  way  of  saying  things  for  timidity  or  weakness.  With 
such  men  the  severity  both  of  words  and  manner  shoula  be 
gradually  increased  until  either  the  desired  result  has  been 
attained  or  the  possibilities  of  the  English  language  have  been 
exhausted. 

442.  Up  to  this  point  all  systems  of  discipline  should  be  alike. 
There  will  be  found  in  all  shops,  however,  a  certain  number  of 
men  with  whom  talk,  either  mild  or  severe,  will  have  little  or  no 
effect,  unless  it  produces  the  conviction  that  something  more  tan- 
gible and  disagreeable  will  come  next.  The  question  is  what  this 
something  shall  be  ? 

443.  Discharging  the  men  is,  of  course,  effective  as  far  as  that 
individual  is  concerned,  and  this  is  in  all  cases  the  last  step;  but  it 
is  desirable  to  have  several  remedies  between  talking  and  dis- 
charging, more  severe  than  the  one  and  less  drastic  than  the 
other. 

444.  Uusually  one  or  more  of  the  following  expedients  are 
adopted  for  this  purpose : 

First.     Lowering  the  man's  w^ages. 

Second.     Laying  him  off  for  a  longer  or  shorter  period  of  time. 

Third.     Fining  him. 

Fourth.  Giving  him  a  series  of  '^  bad  marks,"  and  when  these 
sum  up  to  more  than  a  given  number  per  week  or  month,  applying 
one  of  the  other  of  the  first  three  remedies. 

445.  The  general  objections  to  the  first  and  second  expedients  is 
that  for  a  large  number  of  offenses  they  are  too  severe,  so  that  the 
disciplinarian  hesitates  to  apply  them.  The  men  find  this  out, 
and  some  of  them  will  take  advantage  of  this  and  keep  much  of 
the  time  close  to  the  limit.  In  laying  a  man  off,  also,  the  em- 
ployer is  apt  to  suffer  as  much  in  many 'cases  as  the  man,  through 
having  machinery  lying  idle  or  work  delayed.  The  fourth  remedy 
is  also  objectionable  because  some  men  will  deliberately  take  close 
to  their  maximum  of  "  bad  marks." 

446.  In  the  w^riter's  experience,  the  fining  system,  if  justly  and 
properly  applied,  is  more  effective  and  much  to  be  preferred  to 
either  of  the  others.  He  has  applied  this  system  of  discipline  in 
various  works  with  uniform  success  for  the  past  twenty  years,  and 
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SO  far  as  lie  knows,  none  of  those  who  have  tried  it  under  his  direc- 
tions liave  abandoned  it. 

447.  The  success  of  the  fining  system  (lej)ends  upon  two  ele- 
ments: First,  the  iin])artiality,  good  judgment  and  justice  with 
which  it  is  a])plied. 

Second.  Every  cent  of  the  fines  imposed  should  in  some  form 
be  returned  to  the  workmen.  If  any  part  of  the  fines  is  retained 
by  the  company,  it  is  next  to  impossible  to  keep  the  workmen  from 
believing  that  at  least  a  part  of  the  motive  in  fining  them  is  to 
make  money  out  of  them ;  and  this  thought  works  so  much  harm 
as  to  more  than  overbalance  the  good  effects  of  the  system.  If, 
however,  all  of  the  fines  are  in  some  way  promptly  returned  to 
the  men,  they  recognize  it  as  purely  a  system  of  discipline,  and  it 
is  so  direct,  effective  and  unifonnly  just  that  the  best  men  soon 
appreciate  its  value  and  approve  of  it  quite  as  much  as  the  com- 
pany. 

448.  In  many  cases  the  writer  has  first  formed  a  mutual  bene- 
ficial association  among  the  employees,  to  which  all  of  the  men  as 
well  as  the  company  contribute.  An  accident  insurance  association 
is  much  safer  and  less  liable  to  be  abused  than  a  general  sickness 
or  life  insurance  association;  so  that,  when  practicable,  an  associa- 
tion of  this  sort  should  be  formed  and  managed  by  the  men.  All 
of  the  fines  can  then  be  turned  over  each  week  to  this  association 
and  so  find  their  Avay  directly  back  to  the  men. 

449.  Like  all  other  elements,  the  fining  system  should  not  be 
plunged  into  head  first.  It  should  be  worked  up  to  gradually  and 
with  judgment,  choosing  at  first  only  the  most  flagrant  cases  for 
fining,  and  those  offenses  w^hich  affect  the  welfare  of  some  of  the 
other  workmen.  It  will  not  be  properly  and  most  effectively  ap- 
plied until  small  offenses  as  well  as  great  receive  their  appropriate 
fine.  The  writer  has  fined  men  from  one  cent  to  as  high  as  sixty 
dollars  per  fine.  It  is  most  important  that  the  fines  should  be  ap- 
plied absolutely  impartially  to  all  employees,  high  and  low.  The 
writer  has  invariably  fined  himself  just  as  he  would  the  men  under 
him  for  all  offenses  committed. 

450.  The  fine  is  best  applied  in  the  form  of  a  request  to  con- 
tribute a  certain  amount  to  the  mutual  beneficial  association,  with 
the  understanding  that  unless  this  request  is  complied  with  the 
man  will  be  discharged. 

451.  In  certain  cases  the  fining  system  may  not  produce  the  de- 
sired result,  so  that  coupled  with  it  as  an  additional  rnean^  of  dis- 


1454  SHOP    MANAGEMENT. 

ciplining  the  men,  should  be  the  first  and  second  expedients  of 
"  lowering  wages/'  and  ^'  laying  the  men  off  for  a  longer  or  shorter 
time." 

452.  The  writer  does  not  at  all  depreciate  the  value  of  the 
many  semi-philanthropic  and  paternal  aids  and  improvements, 
such  as  comfortable  lavatories,  eating  rooms,  lecture  halls,  and  free 
hctures,  night  schools,  kindergartens,  baseball  and  athletic  grounds, 
village  improvement  societies,  and  mutual  beneficial  associations, 
unless  done  for  advertising  purposes.  These  all  tend  to  improve 
and  elevate  the  workmen  and  make  life  better  worth  living. 
Viewed  from  the  managers'  standpoint  they  are  valuable  aids  in 
making  more  intelligent  and  better  workmen,  and  in  promoting 
a  kindly  feeling  among  the  men  for  their  employers.  They  are, 
however,  of  distinctly  secondary  importance,  and  should  never  be 
allowed  to  engross  the  attention  of  the  superintendent  to  the  detri- 
ment of  the  more  important  and  fundamental  elements  of  manage- 
ment. They  should  come  in  all  establishments,  but  they  should 
come  only  after  the  great  problem  of  work  and  wages  has  been 
permanently  settled  to  the  satisfaction  of  both  parties.  The  solu- 
tion of  this  problem  will  take  more  than  the  entire  time  of  the 
management  in  the  average  case  for  several  years. 

45^.  Mr.  Patterson,  of  the  National  Cash  Register  Company, 
of  Dayton,  Ohio,  has  presented  to  the  world  a  grand  object  lesson 
of  the  combination  rf  many  philanthropic  schemes  wdth,  in  many 
respects,  a  practical  and  efficient  management.  He  stands  out  a 
pioneer  in  this  work,  and  an  example  of  a  kind-hearted  and  truly 
successful  man.  Yet  I  feel  that  the  recent  strike  in  his  w^orks 
demonstrates  all  the  more  forcibly  my  contention  that  the  estab- 
Jishment  of  the  semi-philanthropic  schemes  should  follow  instead 
of  preceding  the  solution  of  the  wages  question ;  unless,  as  is  very 
rarely  the  case,  there  are  brains,  energy  and  money  enough  avail- 
able in  a  company  to  establish  both  elements  at  the  same  time. 

454.  Unfortunately  there  is  no  school  of  management,  there  is 
not  even  a  single  establishment  where  a  large  part  of  the  details  of 
management  can  be  seen,  which  represent  the  best  of  their  kinds. 
The  finest  developments  are  for  the  most  part  isolated,  and  in 
many  cases  almost  buried  with  the  mass  of  rubbish  which  sur- 
rounds them. 

455.  Among  the  many  improvements  for  which  the  originators 
will  probably  never  receive  the  credit  which  they  deserve  may  be 
mentioned: 
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456.  'J'lio  remarkable  system  for  analjziiifj^  all  of  tin;  work  upon 
new  macliines  as  the  drawin<^s  arrived  from  the  drafting-room 
and  of  directing"  the  movement  and  grouping  of  the  various  parts 
as  they  i)rogressed  through  the  shop,  which  was  developed  and 
used  for  several  3'ears  by  ]\Ir.  Wm.  II.  Thornc,  of  Wni.  Sellers 
&  Co.,  of  Philadelphia,  while  the  com])any  was  nnder  the  gen- 
eral management  of  Mr.  J.  Sellers  Bancroft,  Unfortunately 
the  full  benefit  of  this  method  was  never  realized  owing  to 
the  lack  of  the  other  functional  elements  which  should  have 
accompanied  it. 

457.  The  employment  bureau  which  forms  such  an  important 
element  of  the  Western  Electric  Company  in  Chicago. 

458.  The  complete  and  effective  system  for  managing  the  mes- 
senger boys  introduced  by  Mr.  Almon  Emrie  while  superintendent 
of  the  Ingersoll  Sargent  Drill  Company,  of  Easton,  Pa. 

459.  The  Mnemonic  system  of  order  numbers  invented  by  Mr. 
Oberlin  Smith  and  amplified  by  Mr.  Henry  R.  Towne,  of  the 
Yale  &  Towne  Company,  of  Stamford,  Conn. 

460.  The  system  of  inspection  introduced  by  Mr.  Chas.  D.  Rog- 
ers in  the  Avorks  of  the  American  Screw  Company,  at  Providence, 
R.  I. 

461.  The  card  system  of  shop  returns  invented  and  introduced 
as  a  complete  system  *  by  Captain  Henry  Metcalfe  in  the  govern- 
ment shops  of  the  Frankford  Arsenal.  The  waiter  appreciates  the 
difficulty  of  this  undertaking  as  he  was  at  the  same  time  engaged 
in  the  slow  evolution  of  a  similar  system  in  the  Midvale  Steel 
Works,  w^hich,  however,  was  the  result  of  a  gradual  development 
instead  of  a  complete,  well  thought  out  invention  as  was  that  of 
Captain  Metcalfe. 

462.  The  many  good  points  in  the  apprentice  system  developed 
by  Mr.  Vauclain,  of  the  Baldwin  Locomotive  Works  of  Philadel- 
phia. 

463.  The  w^riter  is  indebted  to  most  of  these  gentlemen  and  to 
many  others,  but  most  of  all  to  the  Midvale  Steel  Company  for 
elements  of  the  system  which  he  has  described. 

464.  The  rapid  and  successful  application  of  the  general  prin- 
ciples involved  in  any  system  wall  depend  largely  upon  the  adop- 
tion of  those  details  wdiich  have  been  found  in  actual  service  to  be 
most  useful.     There  are  many  such  elements  which  the  writer 

*  Described  in  "  Cost  of  Manufactures"  published  by  Wiley  &  Sons. 
93 
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feels  should  be  described  in  minute  detail.  It  would,  however,  be 
improper  to  burden  the  records  of  this  Society  with  matters  of 
comparatively  such  small  importance.  He,  therefore,  hopes  at 
some  future  time  to  publish  a  supplement  discussing  these 
elements. 

DISCUSSION. 

The  Secretary. — I  think  it  would  be  serviceable  if  Mr.  Taylor 
would  give  details  as  to  where  the  blanks  could  be  obtained  to 
which  he  refers  in  his  paragraphs  330  and  331  for  making  avail- 
able a  study  of  the  principles  which  he  has  laid  down. 

Mr.  Taylor. — Mr.  Sanford  E.  Thompson  at  I^ewton  High- 
lands, Mass.,  supplies  all  the  apparatus  connected  with  time-study 
which  I  have  used. 

Mr.  Henry  R.  Towne. — Industrial  engineering  and  industrial 
management  are  steadily  drawing  closer  together,  and  rapidly 
becoming  complementary  elements  in  the  professional  work  of  a 
large  part  of  the  membership  of  the  Society.  The  initiative  in 
the  introduction  of  the  subject  of  industrial  management  to  the 
Meetings  and  Transactions  of  the  Society  was  taken  in  1889,  since 
when  the  subject  has  been  under  discussion  with  increasing  fre- 
quency and,  I  believe,  with  increasing  interest.  It  comes  legit- 
imately within  the  scope  of  the  Society's  functions,  and  the 
tendency  to  give  it  increased  attention  is  to  be  welcomed. 

Mr.  Taylor's  present  paper  is  the  most  valuable  contribution  to 
this  subject  which  has  yet  been  made,  and  includes  so  complete  a 
review  as  to  constitute  almost  a  history.  It  sets  forth  clearly  and 
fairly  the  purposes  sought,  the  methods  which  have  been  tried, 
and  the  results  thus  far  accomplished.  It  should  be  appreciated 
and  studied  by  everyone  interested  in  the  subject  of  industrial 
management. 

The  time  needed  to  review  it  properly  is  not  available  to  me  at 
present,  but  I  hope  to  be  able  to  do  so  at  a  later  date.  Meantime 
I  desire  to  record  my  appreciation  of  the  praise  accorded  by  Mr. 
Taylor  to  the  ^'  Gain-Sharing  "  system  described  in  a  paper  which 
I  contributed  to  the  Transactions  in  1889.  I  concur  in  his  view 
that  the  "  Gain-Sharing  "  system  is  not  a  complete  solution  of 
the  problem,  but  I  believe  also  that,  under  many  conditions,  it  is 
the  most  feasible  and  effective  plan  available  at  present.  I  wish 
to  call  attention  to  one  feature  of  it  which  Mr.  Taylor  does  not 
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iiioiition,  viz.,  that  in  addition  to  offering  a  bonus  for  increased 
efticieney  of  labor,  it  offers  an  e(]nal  reward  for  economy  in  the 
use  of  materials,  machinery  and  suj)})lies.  In  many  kinds  of 
work  these  economies  are  only  second  in  importance  to  economy 
in  labor. 

I  endorse  strongly  the  high  value  placed  by  Mr.  Taylor  on  the 
"  Contract  System  "  in  shop  work.  Probably  the  best  and  most 
comprehensive  plan  presently  available  as  a  basis  of  compensation 
for  labor  in  organized  manufacturing  is  the  "  Contract  System," 
plus  piece  Avork  as  a  basis  for  compensation  for  the  individual 
workman,  plus  Mr.  Taylor's  time  unit  or  ''  pacing  "  system  as  a 
basis  for  determining  piece  rates.  Such  a  system  is  necessarily 
complex,  and  therefore  entails  expense  to  operate,  but  the  results 
obtainable  under  it  amply  justify  the  expense  involved. 

It  is  to  be  hoped  that  Mr.  Taylor's  paper  will  Lring  out  others 
relating  to  this  subject,  and  that  he  will  incorporate  in  another 
contribution  to  the  Transactions  the  supplementary  information 
to  which  he  refers  in  the  closing  part  of  his  present  paper. 

Mr.  F.  F.  Du  Brxd. — In  the  discussion  of  the  questions  of  shop 
management,  raised  by  Mr.  F.  W.  Taylor,  let  us  not  '^  reckon  with- 
out our  host."  To-day  we  must  take  into  account  a  very  important 
factor,  and  one  which  did  not  enter  very  largely  into  shop  ques- 
tions until  recent  years:  the  factor  of  Unionism. 

From  a  close  study  of  the  development  of  Unionism  and  its 
manifestations, I  cannot  help  feeling  that  anyone  attempting  to  put 
in  such  systems  as  task  work,  bonus  work,  ptece  work,  premium 
work  or  contract  work  will  meet  with  more  opposition  in  the  future 
on  the  part  of  the  Union  workmen  than  has  ever  been  met  with  in 
the  past.  The  Machinists'  Union,  for  instance,  is  socialistic;  its 
journal  is  socialistic;  its  policy  is  socialistic.  Moreover,  it  is 
stronger  now  than  it  ever  has  been  before  and  in  its  growing 
strength,  like  all  other  Unions,  it  is  naturally  more  coercive.  How 
many  manufacturers,  or  other  employers  of  labor,  realh^  know  how 
coercive  the  Unions  are?  How  many  employers  know  that  the 
vast  majority  of  workmen  are  forced  into  the  Unions  against  their 
wishes,  this  being  particularly  true  of  good  men.  Being  in  the 
Union,  being  subject  to  its  laws  and  regulations  without  any  hope 
of  freeing  themselves  from  the  tyranny  of  the  Walking  Delegate 
and  the  Strike  Boss,  such  men  are  unable  to  do  what  they  would 
like  to  do,  and  what  they  should  be  encouraged  to  do,  in  the  way 
of  bettering  their  wages  and  increasing  their  output. 
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The  ])olicy  of  tlie  Machinists'  Union  is  restrictive.  The  social- 
istic basis  of  Unionism  takes  as  truth  the  statement  that  "  labor 
produces  all  wealth/'  and  instills  into  the  workman  the  idea  that 
he  will  not  get  his  fair  share  of  the  product  until  he  gets  it  all 
and  naturally  leads  to  more  and  more  systematic  '^  soldiering  " 
in  each  development  of  the  strength  of  this  idea  among  the  radical 
element  of  the  Union.  Many  a  man  who  is  not  naturally  given  to 
'^  soldiering  "  is  forced  into  it  by  his  fellow-workmen.  I  know, 
for  instance,  that  the  president  of  the  Machinists'  Union  prides 
himself  on  the  fact  that  in  a  number  of  cases  he  has  succeeded  in 
forcing  manufacturers  to  abolish  the  ^'  Two  Machine  "  system  of 
operation  and  patting  one  man  to  one  machine.  We  know  that  a 
favorite  demand  of  the  Machinists'  Union  is  that  no  handy-man 
should  be  permitted  to  do  wdiat  the  Union  considers  a  machinist's 
job  and  tliat  is  any  work  at  all  on  lathe,  planer,  shaper,  milling 
machine,  boring  machine,  slotting  machine,  vise  or  floor,  leaving 
the  handy-man  simply  to  lift  and  carry.  We  know  that  in  carry- 
ing out  their  ideas  of  restriction  the  Unions  limit  the  number  of 
apprentices  w^herever  they  are  able  to  a  point  far  beyond  any 
natural  and  fair  degree,  making  a  scarcity  of  skilled  mechanics, 
which  is  accentuated  with,  the  growth  of  mechanical  industry, 
forming  a  '^  corner  "  in  the  labor  market  of  any  particular  trade, 
whereby  it  is  hoped  to  force  wages  to  the  utmost. 

How  many  of  the  members  of  this  Society  know  that  at  the  last 
convention  of  the  Machinists'  Union,  held  only  a  short  time  ago, 
it  was  decided  that  no  work  should  be  allowed  in  machine  shops  on 
any  other  plan  but  a  "  go  as  you  please  "  day's  work  plan  ?  All 
task  work,  premium  w^ork  and  contract  work  was  to  be  abolished. 
Another  piece  of  legislation  of  that  convention  was  that  all  hon- 
orary retiring  cards,  which  were  given  to  members  of  the  Machin- 
ists' Union  when  put  in  charge  of  men,  are  to  be  called  in,  unless 
the  holder  of  the  card  earns  a  salary  of  $3,500  per  year  or  more. 
The  idea  of  this  is  simply  to  compel  foremen  to  be  subject  to  the 
Union  rather  than  to  their  employers,  and  to  give  the  Union  a 
stronger  grip  on  the  shop  management. 

It  is  granted  that  all  of  these  features  are  illegitimate  unionism, 
but  whether  they  are  legitimate  or  illegitimate,  they  are  a  part 
of  the  Machinists'  Union  policy  to-day  and  as  such  must  be  reck- 
oned Avith  by  the  shop  manager.  He  must  not  only  reckon  with 
their  policy,  but  he  must  reckon  with  the  grooving  ability  and 
desire  to  put  that  policy  into  force  in  his  own  particular  establish- 


SHOP    MANAGEMENT.  1450 

iiiont.     Tlioroforc    a  qno'^tion  of  pressing  importance  is:  ^'  Wliat 
arc  yon  iioinij^  to  do  abont  it  ^  " 

Individually  the  manufacturer  cannot  ojjpose  the  Unions  ex- 
cepting at  a  tremendous  cost,  and  even  if  he  wins  his  fight  alone 
he  establishes  no  ])recedents  and  he  has  peace  only  for  a  time. 
Ilis  workmen,  much  as  they  might  desire  to  continue  under  con- 
ditions of  high  wages  and  low  labor  cost,  are  coerced  or  ostracized 
into  "  cutting  their  own  throats."  The  individual  manufacturer, 
no  matter  how  large  the  establishment,  is  not  much  of  a  protection 
to  the  workmen.  In  fact,  if  the  employer  is  a  stock  company 
whose  stock  is  a  matter  of  public  barter  on  the  exchanges,  it  is 
exceedingly  dithcult  for  such  a  company  to  resist  the  encroach- 
ments of  the  Union. 

First,  because  of  the  pressure  of  the  stockholders  who  are  look- 
ing out  for  dividends,  and  cannot  see  that  the  maintenance  of  divi- 
dends sometimes  requires  a  strenuous  opposition  to  Union  methods, 
and, 

Second,  from  the  directors,  who  may  be  making  more  money 
on  the  stock  market  than  they  are  out  of  the  dividends  of  their 
holdings,  and  therefore  will  not  allow  any  policy  to  interfere  with 
the  price  of  the  stock  on  the  Exchange.  This  particularly  applies 
to  large  companies,  and  their  influence  of  course  reacts  tremen- 
dously on  the  smaller  concerns. 

Some  sort  of  protection  against  the  coercive  methods  of  the 
Union  is  absolutely  necessary,  both  for  the  employer  and  for  the 
willing  employee. 

As  every  disease  brings  its  own  remedy,  a  homoeopathic  treat- 
ment of  Unionism  has  been  found  to  be  necessary,  applying  the 
principle  of  '^  like  cures  like."  To  counterbalance  the  strength 
gained  by  organization  of  the  Unions,  it  is  absolutely  essential  that 
the  employers  should  also  organize.     They  should  organize, 

First,  for  the  purpose  of  defense. 

Second,  for  purposes  of  educating  themselves,  their  workmen 
and  their  foremen,  and 

Third,  from  motives  of  patriotism.  In  the  matter  of  defense  it 
is  self-evident  that  with  the  whole  power  of  organized  labor  con- 
centrated on  one  individual  firm  there  is  much  danger  to  that  firm 
in  individual  resistance ;  collective  resistance  to  injustice,  how- 
ever, has  never  yet  failed. 

For  purposes  of  education,  when  employers  are  organized,  dis- 
cussing on  a  neutral  and  fair  ground  among  themselves  the  prob- 
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loms  that  confront  tliem^bringing  to  bear  their  many  minds  on  the 
various  ])hases  of  the  problems^  they  can  arrive  at  a  better  solution, 
than  can  any  one  individual.  From  the  motives  of  patriotism, 
unless  some  efficient  check  is  put  on  the  uneconomic  and  un-Amer- 
ican principles  of  the  Unions,  we  will  not  only  find  our  industrial 
prosperity  disappearing,  as  it  has  in  England,  but  we  will  find  our 
individual  liberty  and  the  liberties  of  our  workmen  undermined 
by  the  boycott  and  the  picket. 

The  great  engineers'  strike  in  England  demonstrated  that  only 
by  organization  of  employers  could  the  evils  of  Unionism  be  con- 
trolled. The  difficulty  of  the  English  manufacturers  lay  in  the 
fact  that  they  organized  too  late,  and  unless  American  manu- 
facturers, and  particularly  shop  managers,  awake  to  a  realization 
of  what  is  going  on,  put  themselves  in  the  way  of  securing  the 
necessary  knowledge  as  to  what  Unionism  means  and  what  it  is 
doing,  and,  not  only  for  their  own  benefit,  but  for  the  benefit  of 
this  country  and  its  citizens  generally,  put  themselves  in  the  posi- 
tion of  effectively  resisting  the  tyrannical  and  unjust  things  that 
are  being  done  at  this  writing,  unless  such  action,  is  taken  by  the 
employers  of  this  country,  we  will  find  ourselves  confronted  with 
the  same  evils  that  to-day  confront  England. 

The  only  trouble  is  that  each  establishment  which  has  not  yet 
been  confronted  with  these  phases  of  the  question,  feels  that  it  had 
better  not  do  anything  until  it  is  ^'  hit."  In  this  connection,  it  is 
well  to  bear  in  mind  the  saying  of  Napoleon  that,  "  it  is  human 
nature  not  to  bother  about  even  the  most  pressing  necessities  until 
some  absolutely  urgent  need  arises  compelling  attention,  and  then 
it  is  just  too  late."  Discounting  this  feature  of  human  nature 
was  one  of  Napoleon's  characteristics  and  one  of  the  elements  of 
his  success. 

It  is  the  writer's  earnest  desire  that  the  employers  of  this 
country  will  think  about  this  necessity  before  it  is  too  late,  and 
not  allow  themselves  to  be  "  tied  hand  and  foot  "  while  they  are 
sleeping. 

Mr,  John  T.  Hawkins. — The  last  written  discussion  of  the 
paper  read  by  the  secretary,  goes  so  thoroughly  into  the  subject, 
and  expresses  so  fully  what  I  intended  to  say  that  it  leaves  little 
to  be  added  thereto.  I  desire,  however,  to  endorse  those  ^dews 
most  emphatically.  As  he  has  said  or  intimated:  In  all  such 
papers  as  that  under  discussion  we  are  indeed  "  reckoning  without 
our  host." 
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Tlie  paper  states  tliat  it  was  written  with  the  idea  mainly  of 
advocating:  '*  hiirh  waires  and  low  l:il»nr  cost."  Such  a  con<nniina- 
tion  is  i>erfectly  j)ossil)le  under  ])rnper  conditions,  and  no  doubt 
the  paper  points  out  how  such  desirable  in<lustrial  advancement 
might  be  assisted  in  some  small  degree,  provided  that  all  sueh 
efforts  were  not  offset  and  nullified  a  hundred  fold  bv  the  antag- 
onistic spirit  of  trade  unionism.  Tnder  the  latter  as  it  exists  in 
this  country  to-day  the  primary  proposition,  as  given  by  the  author 
of  the  paper,  is  rendered  of  so  little  avail  that  it  seems  like  a  great 
waste  of  effort  to  even  consider  its  particular  features  in  the  face 
of  so  great  an  obstacle,  without  first  taking  some  steps  to 
ameliorate  the  latter. 

The  moment  an  employer  attempts  to  better  the  conditions  of 
manufacturing — to  cheapen  them  however  little  by  refinement  of 
his  processes,  he  is  met  by  the  infinitely  greater  obstacles  placed 
in  his  way  by  the  labor  imions ;  and  there  is  little  use  in  their 
straining  at  their  own  gnats  of  improvement  so  long  as  they  are 
obliged  to  swallow  the  labor  union  camels. 

The  spirit  of  these  unions  is  everywhere  antagonistic  to  the 
cheapening  of  products  or  the  methods  of  their  production,  on 
the  principle  that  the  less  every  man  does  the  more  will  there  be 
for  the  rest  to  do.  They  put  every  obstacle  possible  in  the  way 
of  employers  availing  themselves  of  labor-saving  machinery.  It 
is  the  same  spirit  that  destroyed  cotton  gins,  looms  and  nail 
machines  in  older  times.  They  have  never  yet  been  brought  to 
see  that  if  an  employer  cheapens  the  cost  of  his  product  by  im- 
provement in  methods  and  machinery  he  thus  becomes  so  much 
the  better  able  to  pay  high  wages ;  or  that  the  converse  obtains. 

I  think,  therefore,  that  this  paper,  while  most  admirable  in 
conception,  is,  as  my  predecessor  above  quoted  has  said,  counting 
without  its  host.  If  this  Society  will  formulate,  mathematically 
or  otherwise,  some  plan  which  will  induce  every  man  who  enters 
a  shop  to  work  to  do  the  best  that  is  in  him  for  the  wages  he  has 
agreed  to  receive — which  was  ^enerallv  the  fashion  when  I  was  a 
young  man — instead  of  doing  the  least  possible,  as  is  now  the  pre- 
vailing style,  the  object  set  forth  by  this  paper  would  be  more  than 
possible;  it  would  bring  about  that  object  a  thousand  fold  beyond 
anything  in  that  direction  to  be  accomplished  by  any  such  means 
as  is  advocated  in  the  paper  under  the  antagonism  of  unionism. 
In  fact  it  is  the  one  and  only  path  to  the  lowering  of  labor  cost 
while  increasing  wages,  and  it  is  to  be  hoped  that  some  of  these 
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(lays — aftor  perhaps  a  good  many  more  years  of  costly  experience 
— the  labor  viiiioiis  or  their  individual  members  will  be  brought  to 
see  it.  Until  they  do,  and  we  continue  to  swallow  their  industrial 
camels,  we  might  as  well  let  our  own  gnats  alone. 

2lr.  IL  Emerson. — For  several  years  there  has  been  industrial 
activity  in  the  United  States.  We  hope  it  may  last,  but  to 
make  it  last  we  should  realize  the  causes  of  this  prosperity  and 
aim  to  convert  spasmodic  accident  into  permanent,  rational 
advantage. 

America,  north  of  the  tropics,  thus  including  Canada,  is  a  region 
of  great  natural  resources,  with  superior  producing  and  trans- 
portation equipment,  mainly  peopled  by  active,  intelligent  inhab- 
itants. This  is,  however,  not  enough.  There  was  no  prosperity 
in  this  vast  region  from  1893  to  the  latter  half  of  1897,  and  then 
it  was  solely  owing  to  a  series  of  accidents  that  a  great  flood  of 
abundance  came,  still  running  full.  These  accidents  were  the  dis- 
covery of  new  gold  fields  of  great  richness,  w^ith  a  sudden  and 
general  increase  in  gold  output;  a  famine  abroad  resulting  in  dollar 
and  almost  two  dollar  wheat  for  Si  whole  season  of  exceptionally 
bountiful  harvests  at  home ;  a  foreign  war  mth  sudden  expendi- 
tures aggregating  $1,000,000,000. 

The  gold  yield  eased  the  money  market  of  the  world,  our  ex- 
ports brought  in  over  $1,000,000,000,  our  home  w^ar  expenditures 
put  into  rapid  circulation  $1,000,000,000  more,  and  as  a  conse- 
quence vast  works  of  rebuilding  were  undertaken.  It  is  not  too 
much  to  say  that  in  the  17  years  from  1893  to  1910  all  the  rail- 
ways in  their  road  beds,  track,  bridges,  terminals,  rolling  stock 
and  motive  equipment  Avill  be  rebuilt;  that  the  trolley  systems  will 
become  equal  to  the  steam  railroads  in  mileage;  that  the  whole 
ocean  fleet  is  to  be  rebuilt,  that  the  business  and  best  residential 
portions  of  all  our  cities  are  to  be  rebuilt,  and  finally  but  not  least, 
that  every  machine  shop,  every  machine  tool  is  to  be  re-equipped. 

When  all  this  construction  is  done,  what  then?  Shall  we  or 
shall  we  not  be  better  prepared  than  our  industrial  rivals  to  cap- 
ture the  world's  trade?  If  we  then  do  not  have  the  relief  and 
refuge  of  foreign  markets,  from  which  we  must  displace  rivals 
already  in  possession,  unless  we  can  substitute  production  and 
operation  for  construction,  the  more  we  have  done,  the  greater 
will  be  the  horrible  depression. 

To  conquer  and  hold  foreign  markets  we  must  produce  and  dis- 
tribute more  cheaply  and  manage  with  greater  skill  and  intelli- 
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gencc  tlian  any  othor  roc'ion  in  the  world,  and  one  of  the  tasks  of 
j»ood  niana<;(Mn(Mit  is  to  diininisli  dissensions. 

It  is  not  (Mion^h  to  have  i;Teat  fiohls,  rich  iiiincs,  fine  railr<tads 
and  great  inchistrial  phmts.  I'nh'ss  the  man  who  works  with  his 
hrains  can  harni(niize  the  rehations  between  those  who  wmk  witli 
their  hands  and  those  who  work  with  tlieir  money, the  efforts  which 
should  be  directed  and  concentrated  towards  hohlin<;'  our  own  in 
the  industrial  world  will  be  misdirected  and  frittered  away  in 
internal  friction. 

The  minds  of  many  are  alive  with  a])prehension  as  to  the  future. 
On  all  sides  we  hear  the  warning  that  the  relations  between  em- 
ployers and  employes  constitute  the  one  great  danger.  It  is 
because  I  believe  that  the  continuance  of  natural  prosperity  can 
only  be  attained  by  underbidding  the  rest  of  the  world,  and  be- 
cause I  believe  that  we  can  only  underbid  by  surpassing  the  rest 
of  the  world,  not  only  in  natural  resources  but  in  harmony  between 
employe  and  employer,  in  extensive  organization,  in  eliminating 
from  our  national  life  waste  methods,  waste  processes,  waste  time, 
I  regard  the  paper  presented  at  this  meeting  by  Mr.  Taylor  as 
the  most  important  contribution  ever  presented  to  the  Society, 
and  one  of  the  most  important  papers  ever  published  in  the  United 
States.  Mr.  Day's  paper  on  ''  Machine  Shop  Organization,"  Mr. 
Gantt's  on  a  method  of  following  work  through  a  shop  are  fitting 
introduction  and  sequel  to  Mr.  Taylor's  great  paper. 

Mr.  Taylor's  achievement  is  that  he  is  the  first  one  to  use  per- 
fected scientific  methods,  one  of  them  a  microscopic  study  of  Time 
Units  to  get  at  the  elemental  cost  of  all  production.  He  shows 
how  the  combination  of  methods  and  equipment  designed  by  the 
brain  worker,  paid  for  by  the  capitalist  and  operated  by  the  skilled 
worker  can  reduce  costs  of  output  to  one-third  of  what  they 
usually  are. 

Mr.  Taylor  does  not  stop  here.  The  brain  worker  and  the  cap- 
italist have  long  been  working  in  harmony,  but  the  third  partner 
is  an  antagonist.  Mr.  Taylor  shows  the  method  by  which,  not  as 
a  concession  or  dole,  but  by  a  self -operating  plan,  the  worker  must 
be  paid  increasingly  more  if  output  is  to  be  cheapened. 

In  his  essay  Mr.  Taylor  treats  only  of  the  application  of  his 
plans  to  the  machine  shop.  They  are,  however,  of  far  greater 
reach.  A  somewhat  careful  study  based  on  unusual  opportunities 
of  observation  has  convinced  me  that  the  rational  efficiency  of  the 
male  population  of  the  United  States  of  militia  age  does  not  exceed 
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live  ])('!•  cent,  as  eoiiiparod  to  tlio  iiintoy-fivo  por  cent,  of  the  idoal 
luncliiiic  slio])  ])lann(Ml  and  (M|iii])p('(l  let  us  say  by  Messrs.  lJo(l<;(; 
jind  Day,  organized  and  directed  l)y  Mr.  Taylor,  and  the  work 
followed  tliroiii>li  under  the  methods  of  Mr.  Gantt. 

The  i>reatest  hitent  wealth  of  a  country  does  not  lie  in  its  nat- 
ni'al  resources,  not  in  its  fertile  fields  or  numerous  railroads,  not 
in  its  forests  and  mines.  Switzerland  is  rugged,  barren,  cut  off 
from  the  sea,  without  coal  or  iron,  yet  because  its  inhabitants  are 
thrifty,  frugal,  intelligent,  it  has  become  one  of  the  greatest  manu- 
facturing countries  in  the  world.  New  England  is  in  North 
America  what  Switzerland  is  to  Europe.  Solely  by  intelligent  or- 
ganization, not  by  natural  resources,  Prussia  jumped  to  the  front 
as  a  military  power.  Germany  has  jumped  to  the  foremost  rank 
in  marine  construction. 

Were  all  our  inhabitants  as  frugal  and  thrifty  as  the  Swiss  or 
Japanese,  as  intelligently  alert  and  energetic  as  the  New  England- 
ers,  were  our  industries  organized  as  is  German  shipbuilding,  were 
Mr.  Taylor's  methods  generally  applied,  no  country  in  the  world 
would  compete  with  North  America. 

There  should  be  no  fear  by  the  worker  that  his  store  of  increased 
remuneration  can  be  curtailed.  If  the  United  States  can  produce 
and  deliver  cheaper  than  the  balance  of  the  world,  every  w^orker 
in  America  will  find  a  reasonable  opportunity  to  keep  busy.  His 
increase  of  pay^  and  shortening  of  hours  must  be  his  share  of  the 
economies  possible  below  the  danger  point  of  competition,  and  as 
the  possible  economies  between  perfect  adjustment  and  present 
anarchy  are  close  to  ninety  per  cent,  of  the  final  cost  to  consumer, 
as  it  is  much  easier  to  attract  twice  as  much  capital  by  a  slightly 
increased  rate  and  to  double  the  number  of  highly  specialized 
brain  workers  than  suddenly  to  double  the.  number  of  workers, 
each  working  member  under  the  rational  Tavlor  system  will  have 
it  absolutely  in  his  hands  to  exact  his  share  of  the  economy.  If 
there  is  a  product  now  costing  1,000  units  to  be  produced  in  a 
shop  planned  and  equipped  by  Messrs.  Dodge  and  Day,  organized 
and  directed  by  Mr.  Taylor,  work  followed  through  by  Mr.  Gantt, 
so  as  to  reduce  cost  to  300  units,  even  if  the  specially  skilled, 
trained  and  willing  workman  required  to  run  such  a  shop  were 
paid  100  per  cent,  above  the  average,  as  Mr.  Taylor  suggests,  if 
by  organizing  the  relations  between  the  shop  and  the  community 
the  cost  could  be  still  further  reduced  from  300  to  100  units, 
as  from  my  own  experience  and  results  in  organizing  work  I  know 
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it  oftoii  cnn  l>o,  tlicii  by  the  oporation  of  natural  laws  tlio  skilled 
AiiKM'ican  worker  nmst  of  neec^ssity  receive  more,  not  less  than 
the  ])ereentaii"e  allowed  by  Mr.  Taylor. 

]\lr.  Taylor  has  done  more  than  jxmil  the  way.  It  is  lienec?- 
forth  the  organizer's,  the  ])lanner's  (»wn  iauh  il"  labor's  discontent 
cannot  be  snccessfnlly  allayed  and  harmony  be  secured  where  now 
there  is  antagonism. 

A  beantifnl  lesson  can  be  learned  from  the  way  the  bees  have 
been  indnced  to  increase  the  j)rodnction  of  honey.  The  bees  are 
perfected  socialists, «-and  no  one  can  induce  them  to  change  either 
their  habits,  laws  or  methods,  yet  by  adjusting  equijnnent  and 
implements  to  their  rules  of  life,  the  net  result  is  that  the  bees 
have  a  pleasanter,  safer  time  and  more  abundant  provision  against 
w^ant,  while  the  man  who  has  co-operated  mth  the  bees  obtains 
three  times  as  much  honey  as  his  European  peasant  rival  and  a 
hundred  times  as  much  honey  as  the  savage  who  despoils  without 
either  directing  or  co-operating.  ^ 

In  the  past,  management,  often  skilled,  often  wise  and  selfish 
has  evolved  many  plans  to  force  from  unwilling  men  an  increase 
of  effort  without  corresponding  increase  of  rew^ard.  The  workers 
have  retaliated  by  organizations  which  as  unreasonably  expect  to 
increase  wages  and  shorten  hours  Avithout  correspondingly  lessen- 
ing cost.  Such  wasteful  methods  should  be  left  to  Europe,  and 
organizing  and  harmonizing  work  should  be  placed  in  the  control 
of  those  Avho,  with  experience  of  their  owm  and  results  to  sliow^ 
are  almost  able  to  guarantee  harmony  of  relations  and  very  greatly 
reduced  costs. 

Mr.  F.  A.  Halsey. — I  do  not  consider  that  Mr.  Taylor  is  justified 
in  calling  the  Premium  Plan  the  Towne-Halsey  plan.  Of  course 
it  is  a  difficult  matter  to  draw^  hard  and  fast  lines  in  these  matters, 
but  I  cannot  regard  Mr.  To\vne's  plan  as  an  anticipation  of  my 
ow^n.  It  is  much  more  closely  allied  to  profit  sharing,  from  which 
it  differs  chiefly  in  limiting  the  gains  which  are  divided  among  the 
workmen  to  those  under  their  control.  It  is  thus  a  strictly  econ- 
omic and  not  an  eleemosynary  plan,  which  latter  the  profit  sharing 
plan  is.  In  its  method  of  administration  it  is  precisely  the  same 
as  the  profit  sharing  plan,  with  which  again  it  agrees  in  treating 
the  men  in  a  body  and  not  as  individuals. 

Mr.  Taylor  characterizes  the  Premium  Plan  as  a  drifting  system 
and  as  being  based  upon  deceit,  by  which  I  take  it  he  means  that 
records  established  bv  the  workmen  are  used  as  the  basis  of  the 


1466  SHOP   tllANAGEMENT. 

systom.  In  my  i)apcr,  "  The  Preiriiurn  Plan  of  Paying  for 
Labor,"  whicli  ai)])ears  in  Vol.  XII  of  the  Transactions^  the  follow- 
iui;-  will  bo  found  upon  page  764: 

"  On  contract  work  undertaken  for  the  first  time,  the  method 
is  the  same  except  that  the  premium  is  based  on  the  estimated  time 
for  the  execution  of  the  work.'' 

Now,  as  I  look  at  it,  what  Mr.  Taylor  has  done  in  connection 
with  his  time  study  methods  has  been  to  determine  the  estimated 
time  with  greater  accuracy.  The  fact  is  that  this  basing  of  the 
Premium  Plan  upon  the  estimated  time  is  a  very  common  thing 
in  Great  Britain.  It  is  a  curious  fact  that  while  the  plan  has,  in 
this  country,  been  applied  chiefly  to  repetition  work,  it  has  in 
Great  Britain,  been  applied  chiefly  to  work  of  the  opposite  char- 
acter. This  is  probably  due  to  the  fact  that  it  was  first  adopted 
in  Great  Britain  by  David  Rowan  &  Co.,  of  Glasgow,  who  are 
builders  of  marine  engines,  and  the  spread  of  the  system  has  been 
to  shops  which  are  essentially  of  the  same  general  character.  In 
nearly  all  of  the  numerous  papers  upon  the  system  which  have 
been  presented  to  British  engineering  societies,  a  great  deal  of 
attention  has  been  paid  to  the  rate  fixing  department,  which  is 
considered  an  essential  feature  of  the  system,  as  indeed  it  is  with 
work  of  the  character  there  done.  This  term  "  rate  fixing  depart- 
ment "  was  the  first  one  used  by  Mr.  Taylor  for  what  he  now  calls 
the  '^  time  study ''  department  and  the  use  of  the  term  in  Great 
Britain  no  doubt  follows  Mr.  Taylor's  use  of  it  here. 

!No  doubt  this  rate  fixing  is  not  done  by  the  minute  methods  of 
analysis  which  Mr.  Taylor  uses,  but  the  point  is  that  through  it  the 
Premium  Plan  is  used  on  work  which  has  not  been  made  before, 
and  hence  it  seems  to  me  that  this  statement  of  Mr.  Taylor  that 
the  system  is  a  drifting  system  and  based  on  deceit  is  unfounded. 
The  essential  feature  of  the  system  relates  to  the  method  of  pay- 
ment and  not  to  the  method  of  setting  the  rates. 

The  leading  difference  beween  Mr.  Taylor's  plan  and  my  own 
is  that  he  tells  the  workman  by  means  of  his  instruction  cards  how 
to  produce  the  expected  results,  whereas  my  plan  depends  upon 
the  initiative  of  the  Avorkman.  I  have  no  doubt  that  there  is  a 
large  field  of  work  to  which  Mr.  Taylor's  plan  is  applicable,  and 
in  which  it  will  produce  better  results  than  my  own,  but  I  am  just 
as  well  satisfied  that  there  is  a  much  larger  field  in  which  we 
cannot  afford  the  expense  attending  the  organization  w^hich  Mr. 
Taylor  contemplates  and  in  which  better  results  will  be  obtained 
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in  the  end  bv  doiiondiiii]:  njion  the  initiative  of  the  workman.  The 
conditions  which  Mr.  'rayh)r  found  at  l^cthh  heni  and  at  Mid- 
vale  are  ideal  for  his  system,  bnt  I  do  not  iK'lievc  that  they  furnish 
criteria  for  the  i»;eneral  usefulness  of  the  system. 

It  should  be  noted  that  Mr.  Tavlor's  ohm  imt  onlv  (hlei'mines 

t.  1  * 

the  maximum  outi)ut,  but  (hdiberately  tells  the  workman  liow  to 
prodnce  that  outi)ut — every  possible  meiins  beinc:  provided  for  in- 
ducing and  even  compellinc;  him  to  adoj)t  the  cond)ination  of  feed, 
speed,  etc.,  which  has  been  determined  to  be  most  suitable.  Xow, 
when  the  workman  has  done  this,  why  should  a  bonus  be  ])aid  him 
for  doing  it?  lie  has  simply  followed  orders  and  j)r(Kluced  ex- 
pected results,  and  I  am  unable  to  see  the  justification  for  any 
additional  pay  for  doing  that,  ^[y  plan  pays  the  ])reniium  as  a 
reward  for  the  workman's  use  of  his  wits,  and  his  intelligence. 
Mr.  Taylor's  plan  takes  the  exercise  of  that  intelligence  entii'ely 
aw^ay  from  the  workman  and  lodges  it  in  someone  else  who  is  paid 
especially  for  the  exercise  of  those  functions,  and  it  seems  to  me 
that  in  taking  aw^ay  the  very  thing  for  which  the  premiums  are 
paid,  it  has  destroyed  the  economic  soundness  of  the  premiums. 
Of  course  this  remark  does  not  apply  to  manual  labor,  in  which 
the  increased  output  is  obtained  only  by  increased  exertion  by  the 
workman ;  but  when  it  comes  to  the  operation  of  machines  w^ithout 
additional  effort  of  any  kind  on  the  part  of  the  workman,  the 
justification  for  increased  pay  is  destroyed. 

Mr.  F.  W.  Taylor. — After  hearing  Mr.  Ilalsey's  criticism  it 
seems  to  me  that  he  is  under  a  misapprehension  as  to  the  true 
underlying  principles  of  the  Towne-IIalsey  plan  and  my  system. 

There  is  no  doubt  that  there  is  more  or  less  confusion  in  the 
minds  of  many  of  those  who  have  read  about  the  tw^o  systems,  and 
this  extends  also  to  those  who  are  actually  using  and  w^orking 
under  them.  This  is  practically  true  in  England,  where  in  some 
cases  my  system  is  actually  being  used  under  the  name  of  the 
^'  Premium  Plan."  It  w^ould  therefore  seem  desirable  to  indicate 
more  clearly  the  essential  difference  betw^een  the  two. 

The  one  element  which  the  Towne-Halsey  plan  and  my  system 
of  management  have  in  common  is  that  both  recognize  the  all 
important  fact  that  workmen  cannot  be  induced  to  Avork  extra 
hard  without  receiving  extra  pay.  Under  both  systems  the  men 
who  succeed  are  daily  and  automatically  as  it  Avere  paid  an  extra 
premium.  The  payment  of  this  daily  premium  forms  such  a  char- 
acteristic feature  in  both  systems  and  so  radically  differentiates 
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those  syt^toms  from  those  which  were  in  use  before,  that  people  are 
j'pt  to  look  n])ori  this  one  element  as  the  essence  of  both  systems 
:iii(l  so  fjiil  to  rccoonize  the  more  important,  underlying  principles 
upon  wliicli  tli(^  success  of  each  of  them  is  based. 

In  tlicir  (^ssence,  with  the  one  exception  of  the  payment  of  a 
daily  premium,  the  systems  stand  at  the  two  opposite  extremes  in 
the  field  of  management;  and  it  is  owing  to  the  distinctly  radical, 
though  opposite,  positions  taken  by  them  that  each  one  owes  its 
success ;  and  it  seems  to  me  a  matter  of  importance  that  this  should 
be  imderstood.  In  any  executive  work  which  involves  the  co- 
operation of  two  different  men  or  parties,  where  both  parties  have 
anything  like  equal  power  or  voice  in  its  direction,  there  is  almost 
sure  to  be  a  certain  amount  of  bickering,  quarreling  and  vacilla- 
tion and  the  success  of  the  enterprise  suffers  accordingly.  If, 
ho\t^ever,  either  one  of  the  parties  has  the  entire  direction^  the 
enterprise  will  progress  consistently  and  probably  harmoniously, 
even  although  the  wrong  one  of  the  two  parties  may  be  in  control. 

Broadly  speaking,  in  the  field  of  management  there  are  two 
parties — the  superintendents,  etc.,  on  one  side  and  the  men  on  the 
other,  and  the  main  questions  at  issue  are  the  speed  and  accuracy 
with  which  the  work  shall  be  done.  Up  to  the  time  that  my 
system  w^as  introduced  in  the  Midvale  Steel  Works,  it  can  be  fairly 
said  that  under  the  old  systems  of  management  the  men  and  the 
management  had  about  equal  weight  in  deciding  how  fast  the 
work  should  be  done  Shop  records  showing  the  quickest  time  in 
which  each  job  had  been  done  and  more  or  less  shrewd  guessing 
l)eing  the  means  on  which  the  management  depended  for  bargain- 
ing with  and  coercing  the  men;  and  deliberate  soldiering  for  the 
purpose  of  misinforming  the  management  being  the  ^yeapon  used 
by  the  men  in  self-defence.  Under  the  old  system  i^e  incentive 
was  entirely  lacking  which  is  needed  to  induce  men  to  co-operate 
heartily  with  the  management  in  increasing  the  speed  with  which 
work  is  turned  out.  It  is  chiefly  due,  under  the  old  systems,  to 
this  divided  control  of  the  speed  with  which  the  work  shall  be 
done  that  such  an  amount  of  bickering,  quarreling  and  often 
hard  feeling  exists  between  the  two  sides. 

The  essence  of  my  system  lies  in  the  fact  that  the  control  of 
the  speed  problem  rests  entirely  with  the  management,  and  on 
the  other  hand,  the  true  strength  of  the  Towne-Halsey  plan  rests 
upon  the  fact  that  under  it  the  question  of  speed  is  settled  en- 
tirely by  the  men  without  interference  on  the  part  of  the  manage- 
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mont.  'Hius  in  l)otli  cases,  thouij:li  fr<»ni  (liaiiiotrically  o])])(>sito 
cMii-cs,  there  i<  undivided  eontrdl.  and  lln<  i-  the  (diief  (dement 
needed  for  harmony. 

So  far  as  I  know,  1  was  the  first  to  introduce  a  system  of  nian- 
aiicmeiit  containina-  the  folh)wini»;  elements: 

1.  A  careful  study  of  the  time  reijuired  to  do  the  work. 

2.  Detailiuii'  instructions  to  the  men,  t(dlin«i-  them  how  they  are 
to  do  their  work. 

3.  The  thorough  standardization  of  all  details  which  affect  the 
speed  of  the  work. 

4.  The  ])ayment  of  a  premium  for  success  accompnnie<l  by  a 
corresponding  loss  in  case  of  failure. 

This  system  was  introduced  in  the  Midvale  Steel  Works  of 
Philadelphia  in  1S84.  In  18^J>  Mr.  To^^^le  read  his  paper  on 
'•Gains  Sharing ''  before  this  Society,  and  in  ISOI,  seven  years 
after  my  system  had  been  in  use  on  an  extensive  scale,  ^Ir.  Tlalsey 
wrote  his  paper  on  the  '"  Preminm  Plan." 

Mr.  Ilalsey  has  objected  to  having  his  scheme  called  a  "  drift- 
ing "  system.  I  have  used  the  word  ''  drifting  ' '  without  the 
slightest  intention  of  slurring  it  or  in  the  least  detracting  from  its 
true  merit.  It  appears  to  me,  however,  that  "  drifting  '^  very 
accurately  describes  it,  for  the  reason  that  the  management,  having 
turned  over  the  entire  control  of  the  speed  problem  to  the  men, 
the  latter  being  influenced  by  their  prejudices  and  whims,  drift 
sometimes  in  one  direction  and  sometimes  in  another;  but  on  the 
whole,  sooner  or  later,  under  the  stimulus  of  the  premium,  move 
toward  a  higher  rate  of  speed.  This  drifting,  accompanied  as  it 
is  bv  the  irreeularitv  and  uncertaintv  both  as  to  the  final  result 
which  w^ill  be  attained  and  as  to  how  long  it  will  take  to  reach  this 
end,  is  in  marked  contrast  to  the  distinct  goal  which  is  always 
kept  in  plain  sight  of  both  parties  under  my  system,  and  the  clear- 
cut  directions  wdiich  leave  no  doubt  as  to  the  means  which  are  to 
be  employed  nor  the  time  in  which  the  work  must  be  done;  and 
these  elements  constitute  the  fundamental  difference  betw^een  the 
two  systems.  Mr.  Halsey,  in  objecting  to  the  use  of  the  word 
•^  drifting  "  as  describing  his  system,  has  referred  to  the  use  of 
his  system  in  England  in  connection  with  a  *'  rate  fixing "  or 
planning  department,  and  quotes  as  follows  from  his  paper  to 
show  that  he  contemplated  control  of  the  speed  of  the  work  by 
the  management : 

^'  On  contract  work  undertaken  for  the  first  time  the  method  is 
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tlio  same  except  that  the  premium  is  based  on  the  estimated  time 
tor  the  oxeeiition  of  the  work/' 

Tn  making  this  (daini  JVlr.  Ilalsey  a])pears  to  have  entirely  lost 
sight  of  the  real  essence  of  the  two  jdans.  It  is  my  system  which 
is  in  use  in  England,  not  his;  and  in  .the  above  quotation  he 
describes  not  his  system  but  mine_,  in  which  the  men  are  paid  a 
I)remium  for  carrying  out  the  directions  given  them  by  the  man- 
agement. He  has  forgotten  that  under  my  system  the  men  were 
paid  a  premium  for  doing  the  work  in  the  time  estimated  by  the 
management  seven  years  before  he  wrote  his  paper. 

In  questioning  why  any  premium  is  necessary  under  my  system 
in  the  latter  part  of  his  remarks,  Mr.  Ilalsey  appears  to  have  en- 
tirely lost  sight  of  the  necessity  for  the  one  element  which  the  two 
systems  have  in  common,  namely,  the  payment  of  a  i^remium  for 
extra  hard  w^ork.  I  think  that  I  have  called  attention  so  carefully 
in  the  paper  to  the  fact  that  men  will  not  do  extra  hard  work  for 
ordinary  pay  that  no  further  reference  to  this  fact  is  required. 
It  is  needless  to  say  that  machines  do  not  •  run  themselves,  but 
are  run  by  men,  and  the  larger  the  amount  of  work  turned  out 
by  the  machine  the  greater  will  be  the  w^ork  and  attention  de- 
manded from  the  workman. 

There  is  ample  room  for  the  use  of  the  ToAvne-Halsey  plan 
as  well  as  for  mine,  but  the  line  of  demarkation  between  the  two 
is  not  that  drawn  by  Mr.  Ilalsey.  My  system  is  not  only  appli- 
cable to  large  works  such  as  the  Midvale  Steel  Company  and  the 
Bethlehem  Steel  Company,  as  implied  by  Mr.  Ilalsey.  It  is 
applicable  to  and  in  successful  use  in  works  of  all  kinds,  large 
and  small,  complicated  and  simple,  and  can  be  used  for  all  kinds 
of  labor.  It  is  capable,  in  my  judgment,  in  all  cases,  of  pro- 
ducing both  quicker  and  much  more  certain,  larger  and  more 
satisfactory  results  to  both  sides  than  the  To^vne-Halsey  plan. 
I  clearly  recognize  the  fact,  however,  that  there  are  many  em- 
ployers who  will  not  give  the  time  nor  take  the  trouble  to  intro- 
duce my  system;  and  to  such  men  the  Towne-Halsey  plan  is  to 
be  recommended  as  better  than  any  of  the  old  systems  in  com- 
mon use. 

Mr^  Oherlin  Smith. — If  the  argument  of  one  of  the  last  speak- 
ers was  carried  out^  it  would  resemble  the  case  of  the  Irishman 
who  went  to  a  store  to  buy  a  cook  stove,  the  storekeeper  assuring 
him  it  would  save  half  his  coal  bill,  whereupon  he  said,  "  Sure 
I'll  take  two  stoves  and  save  it  all  I  " 
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!N'ow  a  word  nhont  unions.  I  think  tliat  if  wo  aro  ^oin^  to 
be  pessimistic,  and  to  expect  that  all  these  efforts  to  improve  onr 
methods  and  chea]H>n  onr  ])ro(lnets  are  goinc^  to  be  foiled  by 
anions  we  are  mistaken.  There  are  several  elements  which  will 
gradually  rid  us  of  these  troubles.  One  is  that  the  nu^n  cuin- 
posing  the  unions,  as  they  become  better  educated  and  affiliate 
more  with  people  like  us,  will  become  more  sensible.  I  think 
one  of  the  greatest  works  which  this  Society  could  d«>  would  be  to 
foment  some  system  throughout  the  country  for  introducing  a 
new  political  economy  into  our  public  schools.  If  certain  eco- 
nomic treatises  especially  devoted  to  the  labor  problem  could  be 
taught  freely  in  our  public  schools  we  would  raise  up  a  generation 
of  boys  who  would  know  that  the  greater  production  there  is  in 
this  world,  with  a  given  effort,  the  richer  they  Avould  all  be  in 
the  long  run.  The  workingmen  do  not  know  enough  now,  but 
they  are  all  the  time  learning.  And  then  we  may  get  some- 
thing like  the  l^ew  Zealand  system,  where  labor  unions  are  desired 
by  employers  and  by  employed  alike — and  where  manufacturer's 
unions  are  equally  recognized  and  desired  by  all  parties.  That 
is,  both  unions  desire  each  other,  and  all  disputes  are  passed 
upon  by  commissioners  appointed  by  both.  If  they  fail,  appeal 
is  made  tO'  a  higher  commission  under  the  control  of  the  Govern- 
ment, and  partially  composed  of  one  or  more  judges  of  the 
Supreme  Court.  This  system  is  said  to  be  working  exceedingly 
well.  It  is  to  be  hoped  that  we  shall  gradually  come  towards 
something  like  that  in  this  country.  Another  element  that  al- 
ready has  a  beginning  consi.^ts  of  such  associations  as  the  American 
Metal  Trades  Association  which,  although  apparently  formed  to 
combat  the  unions,  is  really  affiliating  to  some  extent  with  them — 
making  the  employers  and  the  workingmen  better  acquainted  all 
the  time.  When  we  get  so  that  officers  of  such  associations  can 
take  a  glass  of  beer  with  the  workingman's  representatives  and 
talk  the  matter  out,  we  may  get  some  of  these  troubles  settled, 
and  all  have  a  pretty  good  time. 

I  want  to  congratulate  the  Society  and  the  writers  of  these 
three  papers  upon  the  splendid  work  they  have  given  us,  and  espe- 
cially Mr.  Taylor,  because  his  paper  is  more  comprehensive  than 
the  others.  One  fine  point  about  it  is  that  it  is  not  his  only.  He 
has  taken  in  all  that  is  good  that  he  could  get  from  anywhere,  and 
I  believe  the  Society  is  doing  a  good  work  in  disseminating  such 
facts  and  records  as  are  contained  in  papers  of  this  sort. 

94 
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Mr.  Ay  res. — T  want  to  say  that  I  have  taken  charge  of  an  old 
phint.  The  ])lant  was  unionized.  I  tried  to  put  in  this  system  and 
for  four  months  was  practically  unable  to  do  so:  that  is,  the  bonus 
system.  Finally  one  man  consented  to  take  it.  He  was  planing 
guides.  He  succeeded  in  making  his  bonus  for  two  days  then 
stopped.  I  paid  no  attention  to  it  for  as  much  as  a  week,  noticing 
it,  however,  every  day.  I  finally  went  to  the  man  and  said:  '^  AVil- 
son,  how  does  it  happen  that  you  have  given  up  your  bonus?  That 
was  worth  forty  cents  a  day  to  you  ?  "  He  said,  "  Did  you  notice 
the  guides  the  other  day  ?  They  had  written  on  them,  ^  He  is 
driving  us  out  of  a  job ';  ^  Metal  pushed  off,  not  cut,'  and  a  few 
other  inscriptions  of  a  similar  character.  Those  remarks  had 
been  put  on  by  some  of  his  fellow  workingmen.  He,  however, 
took  up  the  bonus  again,  and  at  the  end  of  two  weeks  he  said  he 
had  a  cousin  working  in  the  shop  who  would  like  to  take  up  the 
bonus  business  too.  I  was  very  glad,  of  course,  and  I  fixed  an 
instruction  card  at  once,  so  that  he  could  begin  it  that  day.  I 
do  not  want  you  to  coinpare  the  times  of  doing  the  work,  which 
perhaps  I  might  give  you,  with  what  could  be  done  in  some  other 
shops  where  you  have  the  best  of  machinery,  but  I  will  simply 
tell  you  what  was  done,  and  what  is  being  done.  We  w^ere  bor- 
ing some  brasses,  and  I  allowed  a  man  forty  minutes  to  do  it  in. 
His  day  rate  was  22|^  cents  an  hour.  He  did  those  brasses  in 
thirty-seven  and  one-half  minutes  instead  of  taking  forty  min- 
utes. With  the  bonus  wdiich  I  allowed  him,  the  wages  which 
that  man  earned  were  27.6  cents  per  hour  instead  of  22^  cents. 
The  cost  per  piece  to  me  was  17^  cents,  where  before  it  was 
done  on  the  bonus  work  it  was  28  cents.  Showing  a  decrease  in 
cost  o'f  about  lOf  cents  per  piece  to  me  and  an  increase  to  him 
of  practically  fifty  cents  per  day.  The  planing  of ,  frames  was 
another  instance  of  which  I  have  the  figures  here.  A  man  run- 
ning a  planer  was  getting  20  cents  per  hour.  With  his  bonus 
he  made  24.1  cents  per  hour,  decreasing  nay  cost  at  the  same 
time,  and  not  only  doing  that  but  at  the  same  time  increasing 
the  output.  So  that  we  are  getting  a  larger  output  Avith  the 
same  capital  tied  up  in  the  j^lant.  I  could  give  you  other  in- 
tances  of  the  same  kind.  Paneling  main  rods,  a  man  on  the  mil- 
ling machine  was  getting  22  cents  an  hour,  and  he  made  32.8 
cents  per  hour,  and  at  the  same  time  decreased  the  cost  of  the 
output  24  per  cent.  I  have  no  trouble  in  getting  men  to  take 
bonus  work  now. 
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Mr.  Gantt. — I  just  introduced  Mr.  Ayros  as  he  is  a  now  inciii- 
ber  and  rather  bashful.  Xow  I  would  like  to  say  a  word  <»r 
two  on  my  own  hook.  What  Air.  Ay  res  said  is  about  a  loco- 
niotive  works,  not  a  steel  works;  but  the  i)rineii)les  a])])lied  there 
are  the  prineii)les  said  to  be  only  applicable  to  a  steel  works.  I 
do  not  care  to  enlarge  ui)on  that,  because  those  who  know  what 
the  locomotive  is  know  that  the  work  done  in  the  locomotive  shop 
is  about  as  general  as  it  is  anywhere  else. 

JUr.  John  Batch  Blood. — All  careful  considered  action  comes 
through  the  following  processes : 

Perception  of  conditions. 
Collection  of  data. 
Collation  of  facts. 
Development  of  criteria. 
Application  to  action. 

At  present  a  larger  part  of  the  wage  question  is  determined 
without  any  adequate  basis  of  information  upon  which  to  act, 
and  the  systematic  method  of  obtaining  information  which  is 
used  in  every  branch  of  engineering  and  on  all  important  ques- 
tions is  apparently  ignored  in  this  question,  which  question  is 
one  of  the  fundamental  social  questions.  The  bringing  forth  of 
the  importance  of  accurate  information  on  this  subject  by  ]\rr. 
Taylor  cannot  be  too  strongly  valued,  as  it  alone  would  largely 
aid  in  this  subject  irrespective  of  anything  else.  In  my  experi- 
ence I  have  found  that  any  method  of  determining  wages  where 
personality  enters  is  sure  to  breed  suspicion  and  discontent.  It 
would  seem,  therefore,  that  some  other  basis  than  time  should 
serve  as  a  basis  of  wage  calculation. 

I  believe  that  the  basis  of  calculation  should  be  other  than 
time,  and  in  Avorking  out  this  problem  myself  I  have  made  use 
of  what  I  call  ^'  work  units,"  which  units  would  present  two 
factors — time  and  intensity,  ability  or  skill.  In  determining 
such  work  units,  personal  factor  of  soldiering  or  incorrect  timing 
would  not  appear,  and  the  relative  value  in  two  different  jobs 
could  be  demonstrated  to  the  satisfaction  of  laborer  and  em- 
ployer. 

I  believe  that  all  form  of  labor  from  purely  manual  labor 
to  the  highest  skilled  labor  should  appear  in  the  same  category  as 
work  units,  and  that  the  wage  should  be  so  much  per  Avork  unit 
\\\X\\  a  giA^en  rate  and  with  an  increasing  price  per  unit  for  an 
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incroasod   rato.     For  instance,  the  following  might  serve  for  a 

schochilo. 


Units  per  day. 

Rate  per  unit. 

Daily  wage 

1.00 

$1.00 

$1.00 

1.50 

1.10 

1.65 

2  00 

1.20 

2.40 

2.50 

1.35 

3.38 

3.00 

1.50 

4.50 

3  50 

1.70 

5.95 

4.00 

1.90 

7.60 

It  is  quite  necessary  that  the  price  per  unit  be  increased  with 
the  increased  rate  of  units  per  day.  With  this  system  a  man 
working  on  a  given  piece  of  Avork  might  work  at  different  rates. 
At  all  times  the  incentive  to  increase  rate  would  be  present,  as 
the  increased  pay  per  unit  would  take  effect  on  the  whole  work 
if  the  rate  per  day  was  increased.  This  could  be  still  further 
emphasized  by  placing  the  work  in  classes  and  allowing  an  extra 
premium  for  an  increase  from  one  class  to  another,  on  condition 
that  a  forfeit  be  recognized  if  the  speed  of  the  higher  class  was 
not  maintained. 

Lack  of  knowledge  breeds  suspicion  and.  antagonism.  A  thor- 
ough system  of  making  rates  which  is  demonstrable  and  which  is 
independent  of  personality  will  bring  mutual  helpfulness  and 
increase  the  annual  output  of  work. 

M7\  John  T.  HawMns. — I  want  to  give  you  a  couple  of  in- 
stances illustrating  the  spirit  of  trades  unionism  towards  the 
idea  of  reducing  the  cost  of  products. 

In  a  machine  shop  which  had  been  forced  to  become  an  ex- 
clusively union  shop  in  order  to  avoid  a  supposedly  disastrous 
boycott  which  had  been  threatened,  there  was  a  little  labor- 
saving  device  Avith  which  you  are  all  familiar,  namely  a  power 
hack-saw. 

I  need  not  tell  you  that  this  little  machine  requires  almost 
no  attention:  when  cutting  off  say  IJ  inch  round  rods  not  more 
than  a  half  minute  in  every  hour.  When  the  shop  was  a  free 
one  it  had  been  the  practice  to  require  someone  otherwise  gener- 
ally engaged  to  reset  the  tool  when  a  piece  dropped  off.  As  soon 
as  it  became  a  union  shop,  however,  the  so-called  "  shop 
steward,"  who  thenceforward  practically  ran  the  shop,  insisted 
that  a  boy  be  kept  sitting  by  this  machine  all  day,  while  actually 
occupied  less  than  one-twelfth  of  his  time.  This  is  the  way  that 
labor-saving  device  was  permitted  to  save  labor;  and  there  is  not 
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■the  slightest  doubt  that  had  the  proprietor  refused  to  comply 
hv  would  have  had  a  strike  ou  his  hauds. 

Another  tyi)ic'al  ease  is  this:  1  had  oeeasion  to  solicit  an 
estimate  for  a  large  lot  of  a  new  articde  of  glass  from  a  glass 
Avorks  in  Xew  Bedford,  Mass.  The  manager  informed  me  that 
I  would  have  to  furnish  a  mold  at  my  own  expense,  to  which  I 
agreed ;  but  before  going  to  that  expense  desired  to  know  the 
price  at  which  he  would  furnish  the  goods.  He  infonned  me 
that  nothing  could  be  done  until  the  mold  was  produced,  upon 
which  he  Avould  submit  the  same  to  the  glass  makers'  union,  and 
as  soon  as  their  walking  delegate  or  business  manager,  or  what- 
ever this  important  individual  was  then  called,,  decided  how  many 
of  the  articles  he  w^ould  allow  a  man  to  make  for  a  day's  work, 
the  proprietor  would  give  me  the  figures  desired. 

Mj\  II.  21.  Lane. — I  would  like  to  say  just  a  word  upon  the 
subject.  For  several  years  I  have  been  watching  the  machine 
shops  of  the  country,  gathering  material  for  our  Shop  Practice 
Course,  in  Scranton.  I  have  been  very  much  interested  in  a 
series  of  circumstances  occurring  in  one  of  the  largest  shops  in 
this  country.  I  have  seen  it  pass  under  three  managements,  and 
it  has  been  very  instructive  to  me  as  to  what  could  be  done  in  a 
strongly  organized  union  shop.  First,  the  manager  tried  to  drive 
everything  through  the  shop  'without  having  a  good  system  of 
keeping  track  of  the  work.  The  result  of  his  effort  was  that  the 
shop  was  ahvays  in  a  congested  condition,  with  work  and  cast- 
ings piled  up  in  every  direction.  Castings  were  lost  and  never 
found  and  all  sorts  of  trouble  w^ere  experienced. 

The  next  manager  that  came  in  got  hold  of  the  foreman  and 
superintendent  and  started  a  series  of  blanks  in  operation,  which 
were  evidently  working  nicely  when  they  changed  superintend- 
ents again.  Up  to  this  time  the  management  made  practically 
no  change  in  equipment,  but  the  introduction  of  the  blanks  had 
to  a  large  extent  cleared  up  the  floor.  The  new  superintendent 
got  the  idea  that  he  was  kind  of  a  bulldog  and  his  idea  was  to 
chase  everything,  hence  he  dropped  a  large  portion  of  the  blank 
system  and  tried  to  chase  the  men  and  the  work  until  he  chased 
himself  out. 

The  next  superintendent  who  took  charge  dropped  between  the 
two  extremes  and  he  has  accomplished  two  things.  First,  he 
adopted  a  system  of  blanks  which  enabled  him  to  prevent  the 
loss  of  castings  and  tell  whether  the  work  was  getting  along  right 
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or  not,  but  the  point  which  interested  me  most  was  the  w^ay  he 
lias  gotten  around  the  men  in  regard  to  getting  work  out.  For 
ii)staiic(%  in  the  foundry  where  they  were  making  a  certain  piece 
of  work  ill  a  loam  mould,  the  men  limiting  the  output,  he  simply 
turned  around  and  made  it  in  dry  sand.  By  changing  his 
method  in  this  case  and  in  others,  and  taking  the  work  out  of 
the  hands  of  one  class  of  moulders  and  putting  it  into  the  hands 
of  another  he  was  able  to  circumvent  their  idea  as  to  how  fast 
a  })articular  piece  of  work  should  be  done.  He  first  made  an 
estimate  of  the  time  the  work  should  take,  and  then  by  changing 
the  method  and  making  the  necessary  rigging  he  got  the  work 
done  according  to  his  estimate.  In  the  machine  shop  the  new 
high  speed  tool  steel  and  the  use  of  new  machines  has  enabled 
him  to  make  similar  changes  and  a  corresponding  saving  of 
time. 

Mr.  Henshaw. — As  pointed  out  by  one  of  the  last  speakers,  the 
subject  we  have  under  discussion  is  of  enormous  importance — 
probably  the  most  important  industrial  engineering  question  that 
has  ever  come  before  this  Society.  We  have  been  familiar  for 
years  with  the  splendid  work  of  Mr.  Taylor  and  others,  but,  like 
a  great  many  good  things,  when  we  come  away  from  these  meet- 
ings we  are  apt  to  say,  ^'  Oh,  yes,  it  can  be  done  in  that  shop,  but 
my  conditions  are  a  little  different,  and  I  don't  think  it  would 
pay  me.''  Then,  again,  we  have  the  bugbear  of  Trades  Unions 
in  the  background.  >Tow  the  suggestion  that  I  would  like  to 
make  is  that  this  Society  form  a  standing  committee  on  the  subject 
of  shop  management,  and  consider  all  the  data  which  have  been 
brought  up,  and,  if  it  takes  them  twenty  years,  get  out  of  it  if 
possible  a  system  so  perfect  that  it  can  be  universally  applied.  It 
may  be  then  that  by  the'  application  of  such  a  system  in  every 
shop  the  Trades  Union  question  will  be  settled.  It  seems  to  me 
that  such  a  result  is  possible. 

Mr.  ^Ym.  Kent. — Apropos  of  what  the  last  speaker  has  said, 
we  all  remember  that  about  the  year  1775  some  people  down  in 
Boston  were  talking  about  a  tax  on  tea,  and  some  of  them  said 
they  would  have  to  submit  to  it,  othermse  their  warehouses  and 
docks  would  be  shut  up  and  their  business  destroyed.  Xow  the 
descendants  of  those  people  say  if  we  attempt  to  oppose  the 
unions  the  unions  will  shut  us  up  and  drive  us  out  of  business. 
Then,  too,  I  think  we  all  remember  that  there  was  another  set 
of  men  back  in  1775  who  went  and  threw  that  tea  in  Boston 
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Bay  and  started  the  Revoliitionarv  War.  T  hope  tliere  is  some 
of  that  kind  of  blood  left  in  Xew  England  yet. 

Mr.  Taylor. — Mr.  DeBrnle  and  Mr.  Hawkins  have  called 
attention  to  the  most  interesting  and  ditheult  problem  connected 
with  management,  namely,  how  to  persuade  union  men  to  do  a 
full  day's  work  if  the  union  does  not  wish  them  to  do  it.  I  am 
glad  of  the  opportunity  of  saying  what  I  think  on  the  matter, 
and  of  explaining  somewhat  in  detail  just  how  I  should  expect, 
in  fact,  how  I  have  time  after  time  induced  union  men  to  do 
a  large  day's  work,  quite  as  large  as  other  men  do. 

In  dealing  witli  union  men  certain  general  principles  should 
never  be  lost  sight  of.  These  principles  are  the  proper  ones  to 
apply  to  all  men,  but  in  dealing  with  union  men  their  application 
becomes  all  the  more  imperative. 

1.  One  should  be  sure,  beyond  the  smallest  doubt,  that  what 
is  demanded  of  the  men  is  entirely  just  and  can  surely  be  accom- 
plished. This  certainty  can  only  be  reached  by  a  minute  and 
thorough  time  study. 

2.  Exact  and  detailed  directions  should  be  given  to  the  work- 
man telling  him,  not  in  a  general  way  but  specifying  in  every 
small  particular,  just  what  he  is  to  do  and  how  he  is  to  do  it. 

3.  It  is  of  the  utmost  importance  in  starting  to  make  a  change 
that  the  energies  of  the  management  should  be  centered  upon  one 
single  workman,  and  that  no  further  attempt  at  improvement 
should  be  made  until  entire  success  has  been  secured  in  this  case. 

Judgment  should  be  used  in  selecting  for  a  start  work  of  such 
a  character  that  the  most  clearcut  and  definite  directions  can  be 
given  regarding  it,  so  that  failure  to  carry  out  these  directions 
vrill  constitute  direct  disobedience  of  a  simple,  straightforward 
order. 

4.  In  case  the  workman  fails  to  carry  out  the  order  the  man- 
agement should  be  prepared  to  demonstrate  that  the  work  called 
for  can  be  done  by  having  some  one  connected  with  the  manage- 
ment actually  do  it  in  the  time  called  for. 

The  mistake  which  is  usually  made  in  dealing  with  union  men, 
and  which  I  have  no  doubt  Mr.  Hawkins  made,  lies  in  giving  an 
order  which  affects  a  number  of  VN^orkmen  at  the  same  time  and 
in  laying  stress  upon  the  increase  in  the  output  which  is  de- 
manded instead  of  emphasizing  one  by  one  the  details  which  the 
workman  is  to  carry  out  in  order  to  attain  the  desired  result.  In 
the  first  case  a  clear  issue  is  raised :  say  that  the  man  must  turn 
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out    fifty  per  cont.  more  pieces  than  he  has  in  the  past,   and 
therefore  it  will  be  assumed  by  most  people  that  he  must  work 
lifty  per  cent,  harder;  and  in  this  issue  the  union  is  more  than, 
likely  to  have  the  sympathy  of  the  general  public,  and  they  can 
logically  take  it  up  and  fight  upon  it.     If,  however,  the  work- 
man is  given  a  series  of  plain,  simple  and  reasonable  orders,  and 
is  offered  a  premium  for  carrying  them  out,  the  union  will  have 
a  much  more  difficult  task  in  defending  the  man  who  disobeys 
tliem.     To  illustrate :  If  we  take  the  case  of  a  complicated  piece 
of  machine  work  which  is  being  done  on  a  lathe  or  other  machine 
tool,  and  the  workman  is  called  upon  (under  the  old  type  of  man- 
agement) to  increase  his  output  by  twenty-five  or  fifty  per  cent., 
there  is  opened  a  field  of  argument  in  which  the  assertion  of  the 
man,  backed  by  the  union,  that  the  task  is  impossible  or  too  hard 
will  have  quite  as  much  weight  as  that  of  the  management.     If, 
however,  the  management  begins  by  analyzing  in  detail  just  how 
each  section  of  the  work  should  be  done  and  then  writes  out  com- 
plete instructions  specifying  the  tools  to  be  used  in  succession, 
the  cone  step  on  which  the  driving  belt  is  to  run,  the  depth  of 
cut  and  the   feed  to  be   used,   the   exact  manner  in  which   the 
work  is  to  be  set  in  the  machine,  etc.,  and  if-  before  starting  to 
make  any  change  they  have  trained  in  as  functional  foremen 
several  men  who  are  particularly  expert  and  well  informed  in 
their  specialties,  as,  for  instance,   a  speed  boss,  gang  boss  and 
inspector;  if  you  then  place  for  example  a  speed  boss  alongside 
of  that  workman,  with  an  instruction  card  clearly  written  out, 
stating  what  both  the  speed  boss  and  the  man  whom  he  is  in- 
structing are  to  do,  and  that  card  says  you  are  to  use  such  and 
such  a  tool,  put  your  driving  belt  on  this  cone,  and  use  this  feed 
on  your  machine,  and  if  you  do  so  you  will  get  out  the  work  in 
such  and  such  a  time,  I  can  hardly  conceive  of  a  case  in  which 
a  union  could  prevent  the  boss  from  ordering  the  man  to  put 
his  driving  belt  just  where  he  said  and  using  just  the  feed  that 
he  said;  and  in  doing  that  the  workman  can  hardly  fail  to  get 
the  work  out  on  time.     Xo  union  would  dare  to  say  to  the  man- 
agement of  a  works,  you  shall  not  run  the  machine  with  the  belt 
on  this  or  that  cone  step.     They  do  not  come  dowTi  specifically  in 
that  way;  they  say,  ''  You  shall  not  work  so  fast,"  but  they  do 
not  say,  "  You  shall  not  use  such  and  such  a  tool,  or  run  with 
such  a  feed  or  at  such  a  speed. '^     However  much  they  would 
like  to  do  it,  they  do  not  dare  to  interfere  specifically  in  this  way. 
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Xow,  when  your  sinji,l('  man,  iiiulcr  the  supervision  of  a  speed 
boss,  gani>-  boss,  etc.,  runs  day  after  day  at  the  _<;iven  speed  and 
feed  and  gets  work  out  in  the  time  tliat  the  instruction  eard  calls 
for,  and  when  a  ])remium  is  kept  for  liim  in  tlie  oHice  for  having 
done  the  work  in  the  required  time,  you  begin  to  have  a  moral 
suasion  on  that  workman  which  is  very  powerful.  At  first  he 
won't  take  the  premium  if  it  is  contrary  to  the  laws  of  his  union, 
but  as  time  goes  on  and  it  piles  up  and  amounts  to  a  big  item,  he 
will  be  apt  to  stej)  into  the  office  and  ask  for  his  premium,  and 
before  long  your  man  will  be  a  thorough  convert  to  the  new 
system.  Xow,  after  one  man  has  been  persuaded,  by  means  of 
the  four  functional  foremen,  etc.,  that  he  will  earn  more  money 
under  the  new  system  than  under  the  laws  of  the  union,  you  can 
then  take  the  next  man,  and  so  convert  one  after  another  right 
through  your  shop,  and  as  time  goes  on  public  opinion  will  swing 
around  more  and  more  rapidly  your  way. 

I  have  a  profound  respect  for  the  workmen  of  the  United 
States ;  they  are  in  the  main  sensible  men — not  all  of  them,  of 
course,  but  they  are  just  as  sensible  as  we  are.  There  are  some 
fools  among  them;  so  there  are  among  us.  They  are  in  many 
respects  misguided  men,  and  they  require  a  great  deal  of  infor- 
mation that  they  have  not  got.     So  do  we. 

I  have  quite  as  great  a  respect  for  the  workmen  of  this  country 
as  for  any  other  class  of  men.  They  are  a  sensible  body  of  men, 
and  all  that  thev  need  to  make  them  do  what  is  right  is  a  series 
of  proper  object  lessons.  When  they  are  convinced  that  a  system 
is  offered  them  which  will  yield  them  larger  returns  than  the 
union  can  offer  they  will  promptly  drop  the  union.  The  neces- 
sary object  lessons  can  best  be  given  by  centering  the  efforts  of 
the  management  upon  one  spot.  The  mistake  that  ninety-nine 
men  out  of  a  hundred  make — and  I  fancy  that  Mr.  Hawkins' 
friends  in  Massachusetts  have  done  this — is  that  they  have  at- 
tempted to  influence  a  large  body  of  men  at  once  instead  of  tak- 
ing one  man  at  a  time. 

I  think  that  Mr.  Hawkins  has  also  overlooked  another  import- 
ant factor,  and  that  is  the  question  of  time.  If  Mr.  Hawkins 
expects  large  results  in  six  months  or  a  year  in  a  very  large  works 
he  is  looking  for  the  impossible.  If  he  expects  to  convert  union 
men  to  a  higher  rate  of  production,  coupled  with  high  wages,  in 
six  months  or  a  year,  he  is  expecting  next  to  an  impossibility. 
But  if  he  is  patient  enough  to  wait  for  two  or  three  years,  he 
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can  go  among  almost  any  set  of  workmen  in  this  country  and 
not  find  the  trouble  which  he  did  in  Massachusetts. 

Mr.  Hawkins. — I  have  waited  six  years  now. 

Mr.  Taylor. — Have  you  tried  the  incisive  plan  of  centering  on 
one  man,  instead  of  going  at  the  whole  shooting-match  at  once? 
I  tliink  failure  is  due  to  a  lack  of  patient  persistence  on  the  part 
of  the  employers  and  then  to  a  lack  of  centering  right  on  to  a 
single  man.  No  workman  can  long  resist  the  help  and  persua- 
sion of  five  foremen  over  him.  He  will  either  do  the  work  as  he 
is  told  to  or  leave. 

Mr.  Gus.  C.  Ilenning. — We  have  heard  much  about  this  inter- 
esting subject  and  have  been  deeply  interested,  and  we  have 
heard  so  much  as  to  how  to  make  money  and  to  get  along  with 
men  that  I  think  we  might  very  well  now  pass  a  vote  of  thanks 
to  Mr.  Day,  Mr.  Gantt  and  Mr.  Taylor.  Gentlemen,  I  hope 
you  w^ill  vote  with  me  and  give  a  hearty  vote  to  these  three 
gentlemen  for  the  presentation  of  these  admirable  papers. 

The  motion 'was  seconded  and  carried  unanimously. 
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No.   1004.* 

TOPICAL  DISCUSSIOXS  AND  NOTES  OF  EXPEBIENCE. 

Xo.  155. 

Has  anyone  had  experience  in  manufacturing  small  spiral  pinions  in  a  mill- 
ing machine  ? 

Mr.  E.  H,  Neff. — In  answer  to  the  above  question  the  writer 
would  present  the  attachment  shown  in  the  adjacent  cuts.  This 
attachment  was  invented  by  Mr.  AY.  G.  Burnham,  and  designed 
by  the  writer  to  meet  the  recjuirements  of  a  company  engaged 
in  the  manufacture  of  cream  separators.  In  their  apparatus,  on 
the  vertical  spindle  which  carries  the  bowl  into  which  the  milk 
is  poured,  is  a  spiral  pinion,  or  as  it  is  sometimes  designated,  a 
''worm."  These  have  a  low  number  of  teeth,  6,  7,  or  8,  and 
the  diameter  will  run  from  about  \  inch  to  J  of  an  inch.  The 
length  of  cut  varies  from  \\  inches  up — sometimes  as  long  as 
5  inches.  The  angle  of  thread  is  from  45  degrees  to  51  degrees, 
making  20-pitch  to  32-pitch  cutters,  about  equal  to  the  normal 
pitch  of  the  smaller  sizes.  In  the  train  of  gearing  this  pinion  is 
the  driven  member,  being  driven  by  a  worm-wheel,  which  is  in 
turn  driven  by  a  train  of  spur  gears,  thus  attaining  for  the 
worm-shaft  of  the  separator  a  very  high  speed,  6,000  to  10,000 
revolutions  per  minute.  It  is  essential  that  this  train  of  gearing 
run  very  quietly,  so  that  makers  of  rival  separators  will  not  be 
able  to  say  that  the  apparatus  talks  it  own  deinerits. 

To  meet  the  requirements  of  this  case,  it  was  decided  to  design 
something  that  would  apply  to  a  standard  machine,  and  at  the 
same  time  produce  the  quality  of  work  desired  in  goodly  quanti- 
ties. The  attachment  is  put  on  to  a  IS'o.  1  plain  milling  machine, 
bolting  it  to  the  table  and  locking  the  table  in  position,  the 
necessary  longitudinal  travel  being  embodied  in  the  attachment 
itself.      The  attachment  is  driven  by  connecting  the  Ilooke's 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 
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joint  of  tlie  iiiacliine  to  the  end  of  Avoriri-sliaft  on  tlie  fixture. 
TJie  gear-cutter  used  is  a  standard  or  si)ecial  shape,  and  is  driven 
til  rough  a  stan(hird  vertical  spindle  milling  attachment.  The 
blanks  are  held  fii'mly  at  one  end  in  a  spring  chuck  closed  with 


P^iG.  300. 


the  hand- wheel  F^  and  at  the  other  in  a  female  centre  forming 
a  part  of  the  bracket  //.  The  cutter  is  flooded  Avith  oil  or  soda 
water,  and  the  chips  and  oil  flow  into  the  tank  G  to  be  strained 
and  oil  returned  by  the  pump. 

This  'Svorm  milling  attachment,"  as  it  has  been  designated, 
is  best  shown  in  the  general  view  in  Fig.  300.  It  consists  of  a 
base  bolted  to  the  table,  and  carrying  on  its  top  a  slide.  The 
Hooke's  joint  connects  to  the  worm-shaft  A^  and  the  latter  to 
the  cam-shaft  B  through  a  worm-wheel.  On  cam-shaft  B  are 
two  disc-cams  EE^  which  operate  against  the  ends  of  screws  D 
to  throw  the  work  into  cutting  position  during  forward  travel 
and  allow  it  to  be  pulled  out  of  cut  during  the  return.  On  shaft 
6^  is  a  swinging  bracket  HH^  which  carries  a  work  spindle  and 
tail-stock.  i\lso  on  the  cam-shaft  B^  in  the  housing  at  the 
right-hand  end  is  a  body -cam,  which  engages  with  a  roller  on 
a  vertical  pin  fixed  in  the  base  of  the  attachment.     Therefore  as 
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the  cam-sliaft  rotates,  the  work  is  thrown  up  to  tlie  cutter  or 
aUowed  to  be  drawn  away  at  the  ])r()])('r  instant  at  the  end  of  the 
cut  by  a  ])air  of  spii-al  spi'in<>s.  The  l)ody-cani  referred  to  travels 
tlie  slide  forward  and  backwai'd  by  the  cutter.  The  connection 
from  worm-shaft  A  to  shaft  C  is  by  a  ])air  of  spiral  gears,  dip- 
ping in  oil.  These  gears  are  e(|ual  in  diameter,  but  reduce  the 
motion  one-half  through  the  relations  of  the  angles  of  teeth.  At 
the  opposite  end  of  the  attachment  there  is  a  train  of  spur  gear- 
ing from  shaft  O  to  the  work  spindle.  So  that  as  the  Ilooke's 
joint  is  driven,  the  blank  is  continuously  rotated  in  one  direc- 
tion, and  the  cams  before  referred  to  produce  the  in  and  out  and 
longitudinal  movement  of  the  work  relative  to  th('  cutter. 


Fig.  301 


One  of  the  peculiar  features  of  this  attachment  is  the  method 
of  accomplishing  the  indexing.  The  work  is  rotated  continu- 
ously in  one  direction,  and  there  is  no  indexing  in  the  usual  sense 
of  the  term.  The  body-cam  and  the  gearing  are  so  proportioned 
that  the  time  of  return  of  the  cutter  slide  is  exactly  equal  to  the 
time  of  rotation  of  the  blank  through  a  certain  fraction  of  the 
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revolution.  For  instance,  if  the  worm  has  seven  teeth,  the  time 
allowed  for  returning  the  slide  may  be  that  required  with  the 
given  gearing  to  rotate  the  blank  four-sevenths  of  one  revolu- 
tion. The  apparatus  would  therefore  cut  in  this  case  every 
fourth  tooth,  and  eventually  all  seven  would  be  done.  We 
might  arrange  this  so  as  to  cut  every  third  tooth  or  every  fifth 
tooth.  Where  there  is  an  even  number  of  teeth,  say  8,  we 
would  cut  every  third,  fifth,  or  seventh  tooth,  the  point  being 
that  the  number  of  teeth  skipped  must  be  prime  to  the  number 
of  teeth  in  the  worm. 

The  cutting  speeds  for  this  work  will  of  course  depend  upon 
the  quality  of  stock  employed,  the  same  speeds  evidently  being 
possible  as  in  a  standard  gear  cutting  machine.  These  Avould 
run  say  25  to  30  feet  per  minute  for  tool  steel,  to  40  to  50  feet 
per  minute  for  rough  cut  on  soft  machinery  steel.  Some  people 
cut  these  out  of  the  solid,  full  depth  at  one  cut,  driving  slow 
enough  to  produce  the  quality  of  work  they  desire.  I  would 
recommend,  however,  taking  two  cuts  and  leaving  about  .008  of 
an  inch  for  the  finishing  cut.  For  machinery  steel  I  would  run 
the  cutting  speed  up  as  high  as  120  feet  per  minute,  and  reduce 
the  feed  per  revolution  so  as  to  make  about  the  same  feed  per 
minute  as  before.  The  time  of  finishing  one  of  these  worms  will 
vary  considerably,  but  probably  the  average  would  run,  where 
two  cuts  are  used,  about  14  minutes.  I  have  cut  one  with  seven 
teeth  in  eight  minutes. 

l^o.  156. 

Have  any  new  forms  of  flexible  tubing  been  developed  since  the  article  in  Vol. 
XII.  of  the  Transactions,  p.  197.  If  so,  what  is  the  form  of  joint  and  what  di- 
ameters are  made  ? 

Percy  A.  Sanguhietti. — A  flexible  mettalic  tubing  possessing 
interesting  mechanical  features,  having  been  recently  brought  to 
my  notice,  I  am  induced  to  present  it  to  the  Society.  The  tubing 
is  manufactured  in  England  and  is  made  of  copper  or  galvanized 
steel  tape,  in  sizes  from  3^2  ^^  ^11  inch  to  8  inches  diameter;  and 
to  stand  pressures  from  100  to  6,000  pounds  per  square  inch. 

The  illustration  shows  the  way  in  which  the  tube  is  formed, 
and  the  manufacturer's  description  is,  that  as  the  tape  is  rolled, 
it  forms  a  groove  for  the  reception  of  a  specially  prepared  asbes- 
tos wire  thread  packing,  which  is  completely  inclosed  in  the 
metal  as  it  rolls,  and  remains  fully  protected  from  internal  or 
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external  Avear.  Tliis  asbestos  thread  makes  the  tul)ing  ])erfectly 
tight,  while  the  interlocking  feature  induces  a  fiexibility  in  the 
smaller  sizes  equal,  and  in  the  larger  sizes  far  superior  to  ru])ber 
hose  of  the  same  dimensions  and  strength. 

The  uses  to  which  the  tubing  may  be  ap})lied,  are  as  follows  : 
copper  is  used  chiefly  for  steam,  and  steel  for  hydraulic  and 
pneumatic  use,  petroleum,  naphtha,  gas,  acid,  ammonia,  paint, 
etc.,  while  the  lighter  kinds  are  used  for  electric  cable  armoring, 
automobile  horns,  speaking-tubes,  elevator  leaders,  etc. 

The  tubing  can  be  used  to  connect  lines  of  steam  piping  in 
place  of  slip  or  other  expansion  joints,  or  lines  of  piping  that 
w^ould  be  subject  to  derangement  of  any  kind. 

The  amount  of  curvature  that  the  tubing  will  withstand  with- 
out straining  varies  with  the  size,  and  may  be  stated  generally 
as  follows  :  the  smaller  sizes,  from  ^^^  of  an  inch  to  1  inch,  can 
be  bent  to  a  diameter  of  from  6  to  16  inches;  up  to  3  inches,  34 
inches;  and  from  4  inches  to  8  inches,  50  to  84  inches. 


Fig.  302. 


It  is  being  arranged  to  have  a  piece  of  the  tubing  on  exhibition 
at  the  meeting,  closed  at  one  end,  and  the  other  end  attached  to 
a  hand-pump  and  pressure-gauge,  for  the  purpose  of  giving  an 
illustration  of  its  behavior  under  pressure. 


'No.  157. 

Is  a  standard  boiler,  for  testing  the  comparative  evaporation  efficiency  of  vari- 
ous coals,  feasible  or  desirable? 

Z.  P.  Breckenridge. — It  has  seemed  to  the  writer  that  some 
information  of  value  might  be  obtained  relative  to  the  compara- 
tive values  of  the  various  coals  throughout  the  United  States,  if 
the  different  coals  could  all  be  tested  in  a  standard  boiler. 

The  installation  of  such  a  boiler  in  the  different  technical 
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scliools  as  a  part  of  their  laboratory  equipment  could  easily  be 
accomplisliecl,  provided  a  small  and  inexpensive  type  could  be 
determined  on  as  a  standard. 

The  following  proportions  are  suggested  as  suitable  for  such 
a  standard  boiler  : 

Vertical  Tubular  Type. 

Diameter  of  boiler 36  inclies. 

Height       "       "     96       " 

Diameter  of  furnace 31       " 

Height       "        **       , 27       " 

Thickness  of  shell. |   *' 

*•          "fire-box ^^  " 

"  heads -i\  " 

Length  of  tubes 69       " 

Diameter  of  tubes 2       " 

Number  of  tubes 68 

Diameter  of  stack 15       " 

Approximate  weight  of  boiler  complete , 3,600  pounds. 

Horse-power  as  usually  rated 20 

Probable  cost $200.00 

A  boiler  such  as  described  is  an  excellent  piece  of  laboratory 
apparatus,  and  while  it  is  perhaps  not  suited  to  every  kind  of 
coal,  still  it  is  thought  that  by  the  exercise  of  some  judgment 
nearly  all  kinds  of  coal  could  be  burned  in  it  with  success,  espe- 
cially if  auxiliary  draft  apparatus  be  provided  whereby  the  rate 
of  combustion  could  be  easily  controlled  over  a  wide  range. 

The  internal  condition  of  the  boiler  could  always  be  main- 
tained clean  by  arranging  for  the  use  of  pure  water  either  from 
a  cistern  or  from  returns  from  a  heating  system. 

DISCUSSION. 

Mr,  Cary. — In  criticising  Professor  Breckenridge's  suggestion, 
concerning  the  adoption  of  a  standard  boiler  for  the  purpose  of 
obtaining  information  as  to  the  comparative  values  of  various 
coals,  I  must  admit  that  I  do  so  with  some  diffidence,  knowing 
that  he  has  had  under  his  supervision  (at  the  University  of  Illinois) 
a  very  extensive  series  of  tests  with  Illinois  coals  collected  from 
all  parts  of  the  State,  the  tests  being  made  under  several  different 
boilers,  both  of  the  horizontal  tubular  and  water  tube  types  and 
under  varying  furnace  conditions. 

I  cannot,  however,  refrain  from  expressing  some  surprise  that 
he  should  offer  a  boiler  of  such  design  as  he  has  described,  in  view 
of  the  fact  that  he  has  had  such  an  extended  experience,  but. 
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doubtless,  hv  has  sonic  good  reason  for  doing  so,  and  I  would  be 
pleased  to  learn  wliat  his  reason  is. 

It  is  generally  known  that  when  bituminous  coal  is  thrown  upon 
an  incandescent  fire  bed  in  a  boiler  furnace  that  the  fresh  coal 
first  becomes  heated,  and  when  a  temperature  of  between  OGO 
degrees  and  870  degrees  Fahrenheit  is  reached  its  volatile  hydro- 
carbon gases  are  distilled  off,  and  these  gases  rise  into  the  furnace 
chamber  above  the  fire  bed  and  then  pass  on  to  an  adjoining  com- 
bustion chamber  (when  such  a  provision  is  made). 

The  principal  hydrocarbon  gas  distilled  off  from  bituminous 
coal  is  marsh  gas  (CH4),  and  careful  experiment  has  shown  that 
its  temperatures  must  be  raised  to  between  1,300  degrees  and  1,400 
degrees  Fahrenheit  before  its  ignition  will  take  place,  and  if  any 
lesser  temperature  exists  in  the  furance  or  combustion  chamber, 
this  gas  will  not  unite  with  the  oxygen  present;  or,  in  other  words, 
combustion  will  not  tal^e  place,  and  this  most  available  fuel  con- 
stituent will  then  pass  up  the  chimney  with  the  resulting  loss  in 
fuel  economy. 

On  the  other  hand,  supposing  our  marsh  gas  has,  for  the  mo- 
ment, been  raised  to  its  ignition  temperature  in  the  presence  of 
an  ample  oxygen  supply,  and  then,  before  sufficient  time  has 
elapsed  to  complete  its  combustion,  suppose  its  temperature  to  be 
suddenly  lowered  below  this  degree.  At  first  complete  combus- 
tion will  occur,  resulting  in  the  production  of  carbonic  acid  and 
water  vapor;  then,  as  its  temperature  is  slightly  lowered,  we  will 
find  the  hydrocarbon  splitting  up  and  its  hydrogen  alone  uniting 
with  the  oxygen  present,  forming  superheated  steam  while  the 
liberated  carbon  w411  pass  off  unconsumed,  as  soot ;  and  finally,  as 
the  temperature  falls  still  lower,  the  combustion  of  our  marsh  gas 
ceases  entirely,  and  a  total  waste  of  available  heat  occurs,  due  to 
the  non-combustion  of  the  gas. 

Some  appreciation  of  the  losses  due  to  the  incomplete  combus- 
tion of  marsh  gas  may  be  had  by  considering  that 

One  pound  of  marsh  gas  burned  to  carbon  dioxide  and  water  will 
generate C3,513  B.T.U, 

One  pound  of  marsh  gas  burned  to  carbon  nonoxide  and  water  will 

generate 16,184  B.T.U. 

and 

One  pound  of  marsh  gas  burned  to  water,  -vtith  its  carbon  uncon- 
sumed, will  generate 15,525  B.T.U. 

From  the  above  statements,  and  with  a  knowledge  that  all  other 
hydrocarbon  gases  distilled  from  bituminous  coal  behave  similarly 

95 
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iiiidor  liko  coii(litions,  we  see  that  for  the  purpose  of  obtaining 
econonical  results  it  is  essential  that : 

First.  The  area  of  the  grate  sliould  be  of  such  dimensions  as 
to  allow  a  bright  incandescent  fire  surface  to  be  maintained  to 
receive  eacli  fresh  charge  of  coal,  and  when  we  find  such  a  bright 
fuel  bed  existing,  we  are  pretty  sure  to  find  an  ample  penetration 
of  air  (from  below  the  grates)  to  furnish  the  required  air  supply 
needed  for  the  combustion  of  the  volatile  gases  in  the  furnace  and 
combustion  chamber. 

This  statement  might  be  somewhat  qualified  by  stating  further 
that  unless  a  very  small  quantity  of  coal  is  very  thinly  sprinkled 
over  the  surface  of  the  fire  bed  the  air  supply  passing  through  the 
fire  bed  will  have  to  be  supplemented  from  some  other  source  for 
a  short  time  following  the  charging  of  the  fresh  fuel. 

Secondly.  We  must  constantly  maintain  a  temperature  in  our 
furnace  and  combustion  chambers  above  that  degree  known  as  the 
critical  temperature  of  combustion  of  the  volatile  gases  until  these 
gases  are  completely  consumed. 

A  further  condition,  which  must  not  be  overlooked  in  this  con- 
sideration, is  the  provision  of  a  furnace  and  combustion  chamber 
of  ample  size  to  meet  the  fuel  requirements. 

When  a  coal  contains  a  large  percentage  of  volatile  matter,  large 
chambers  should  be  provided  in  which  the  air  supply  and  volatile 
gases  can  find  ample  facilities  for  thorough  intercommingling  be- 
fore they  come  in  contact  (to  any  great  extent)  with  the  compara- 
tively cold  boiler  parts,  and  such  chambers  should  be  so  designed 
as  to  provide  a  sufficiently  slow  passage  of  these  volatile  gases  from 
the  furnace  to  the  position  where  they  enter  the  -interior  of  the 
boiler,  to  allow  their  complete  combustion  to  take  place  before 
the  burning  gases  are  chilled  (in  the  interior  of  the  boiler)  below 
their  temperature  of  ignition. 

With  this  statement  of  required  conditions  before  us,  let  us  ex- 
amine the  boiler  offered  by  Professor  Breckenridge. 

We  find  in  this  vertical  tubular  boiler  a  grate  31  inches  in  diam- 
eter, which  has  a  surface  of  about  5J  square  feet.  This  grate 
surface  cannot  be  extended  to  meet  special  fuel  requirements,  and 
it  can  only  be  contracted  by  an  undesirable  arrangement  of  fire- 
bricks placed  around  the  outer  circumference  of  the  furnace. 
Thus  we  see  that  in  order  to  vary  our  fuel  consumption  we  must 
either  increase,  or  decrease,  the  thickness  of  our  fuel  bed,  which 
practice  does  not  always  lead  to  the  best  results. 

One  of  the  points  which  should  be  determined  by  use  of  an 
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oxporimontal  boiler  is  tlio  best  depth  of  fuel  bed  under  given  draft 
condition  to  secure  the  best  results. 

It  is  true  that  we  can,  with  proper  arrangements,  vary  our  draft 
pressure  when  using  this  Imiler,  but  such  variation  in  this  case 
must  be  made  by  forcc^  of  necessity  in  order  to  accomplish  the 
combustion  of  a  desired  amount  of  coal. 

In  experimental  work,  we  should  not  be  forced  by  such  arbitrary 
conditions  to  alter  our  draft  pressure,  as  this  will  limit  our  sco])e 
of  obtainable  information.  It  is  certainly  most  desirable  for  us 
to  know  the  minimum  draft  pressure  under  which  a  given  kind 
of  coal  can  be  burned  with  economical  results. 

In  a  boiler  of  this  ty])e  tlie  furnace  and  combustion  chambers 
must  necessarily  be  one.  and  tlieir  volumetric  capacity  must  be 
limited  by  the  internal  diameter  of  the  water  leg.  Further,  the 
volatile  gases  distilled  from  the  fresh  coal  are  not  only  brought 
into  immediate  contact  with  the  chilling  water  surfaces  closely 
surrounding  them,  but  they  are  hurried,  rapidly  upwards  into  the 
vertical  tubes  of  the  boiler,  in  Avliick  tlieir  combustion  is  most 
effectually  suppressed. 

A  Dutch  oven  (or  extended  furnace)  can  be  constructed  so  as 
to  deliver  its  gases  into  the  furnace  chamber  of  this  boiler,  but 
vertical  boilers  thus  set  usually  have  no  water  leg,  the  beads  of 
such  boilers  usually  being  placed  on  the  extreme  ends  of  the  shell. 

A  boiler  of  such  construction  presents  a  very  large  surface  for 
radiation,  and  besides,  when  bad  feed  water  is  used,  the  lower  (or 
fire)  head  soon  has  it^  interior  coated,  and  leaky  tubes  result,  while 
many  criticise,  with  good  reason,  the  arrangement  of  the  upper 
head,  which  is  not  submerged,  and,  consequently,  exposed  to  the 
action  of  the  heat,  which  sometimes  causes  leaky  tubes  in  this 
upper  tube  sheet. 

By  referring  to  reliable  tests,  it  will  be  found  that  a  boiler  of 
this  type  has  not,  as  a  rule,  given  results  equal  to  the  performance 
of  other  types  of  boilers,  where  the  volatile  matter  in  the  coal  used 
exceeds  20  per  cent. 

The  best  form  of  experimental  boiler  is  one  of  the  horizontal 
type,  and  it  should  be  constructed  with  an  external  fire-box  so 
arranged  that  the  size  of  the  grate  surface  can  be  easily  altered 
to  any  reasonable  desired  extent,  while  the  grate  itself  should  be 
capable  of  being  raised  or  lowered,  so  as  to  increase  or  decrease 
vertically  the  size  of  the  furnace  chamber. 

It  is  also  desirable  to  have  adjoining  this  furnace  chamber  a 
combustion  chamber  arranged  to  receive  fire-brick  or  checker  work, 
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or  biifHe  or  wing  walls  as  has  been  described  by  Prof.  E.  A.  Hitch- 
cock in  his  paper  on  ''  The  Experiment  lioiler  of  the  Ohio  State 
University,"  presented  at  this  meeting. 

Provision  should  also  be  made  to  allow  the  insertion,  of  fire- 
brick arches  over  the  furnace  and  combustion  chamber  of  such  a 
boiler,  as  the  best  results  cannot  be  obtained  with  coals  running 
liigh  in  volatile  matter  without  them. 

Should  we  attempt  to  test  all  coals  under  one  fixed  set  of  fur- 
nace conditions,  we  would  be  unable  to  obtain  information  from 
the  results  of  such  tests  which  would  allow  a  fair  comparison  to 
be  made  of  their  relative  merits.  Each  class  of  coal  should  be 
tested  under  furnace  conditions  productive  of  the  best  results,  and 
relative  information  gathered  in  any  other  way  will  only  lead  to 
the  further  contribution  of  misinformation  on  this  subject,  which 
already  exists. 

I  have  thus  far,  for  the  sake  of  argument,  discussed  this  sub- 
jest  as  though  I  thought,  that  a  boiler  was  necessary  to  assist  in 
obtaining  information  regarding  the  relative  value  of  coals.  Such 
a  fact  is,  however,  diametrically  opposite  to  my  opinion  in  this 
matter. 

The  results  obtained  from  carefully  conducted  tests  with  a 
Mahler  Bomb  calorimeter  taken  in  connection  with  accurate  chem- 
ical analysis  of  the  coal  (both  proximate  and  ultimate)  will  cer- 
tainly give  us  an  excellent  idea  of  the  comparative  values  of  dif- 
ferent coals. 

In  such  work  it  is  well  to  check  the  results  obtained  by  the 
calorimeter  with  the  calorific  value  of  the  coal  as  determined  by 
the  Dulong  formula,  the  use  of  which  will  of  course  require  an 
ultimate  analysis  of  the  coal.  If  these  two  results  are  approxi- 
mately the  same,  we  may  safely  conclude  that  the  calorific  value 
obtained  is  accurate. 

Generally  speaking,  the  calculations  from  chemical  analysis 
should  give  slightly  higher  results  than  those  obtained  by  calori- 
meter determinations,  since  most  of  the  errors  which  are  made  in 
the  analysis  tend  to  increase  the  calculated  values,  while  the  errors 
made  with  the  calorimeter  tend  to  diminish  these  values. 

From  our  proximate  analysis  we  can  obtain  the  necessary  in- 
formation to  properly  classify  the  coal,  and  from  it  we  also  learn 
how  much  of  the  fuel  must  be  burned  in  the  2:aseous  state  and 
how  much  will  be  burned  directlv  from  the  solid  state,  and  such 
information  will  aid  us  materially  in  the  proper  design  of  our 
furnaces  and  combustion  chambers. 
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With  tlio  knowlodiro  tlni>  ol)taiii(*(l,  and  at  tlic  same  timo  kiiow- 
iiiir  our  limitations  as  t<>  the  a]>plicati(in  of  the  most  <l(*siral»l<'  <lc- 
siirns  of  furnace  aiul  boiler  in  any  <»ne  ]>lant,  wo  sliouM  (let<.'rmine 
separat<?ly  the  percentage  of  efficieney  of  our  furnace  and  the  i)er- 
centage  of  efficiency  of  our  hoiler  to  be  used,  and  the  product  of 
these  two  efficiencies  will  give  us  the  total  combined  ]>errentage  of 
efficiency  of  both  l>r)il(*r  and  furnace.  We  then  have  merely  to 
multi]>ly  this  product  by  the  calorific  value  of  our  coal  in  order 
to  arrive  at  the  cvajwrative  results  which  may  be  ex]>ecte<l  under 
the  considered  conditions. 

Prof.  L.  P.  Breckenndge!" — The  writer  realized  that  the  type 
of  boiler  suggested  was  open  to  the  objections  presented  liy  ^Ir. 
Cary.  The  reason  why  such  a  type  was  suggested  was  because  of 
it^  cheapness,  and  unless  some  cheap  fonii  could  be  adopted  the 
entire  plan  would  fail. 

It  was  not  the  thought  of  the  wnter  that  this  plan  of  comparing 
coals  should  in  any  way  take  the  place  of  chemical  analysis  or  of 
the  calorimeter.  It  did  seem,  however,  that,  as  before  stated, 
'"  some  information  of  value  might  be  obtained  "  if  the  various 
coals  could  all  be  tested  in  the  same  type  of  boiler. 

The  use  of  the  term  **  Standard  Boiler  "  in  this  connection  was 
])erhaps  unfortunate.  The  writer  had  in  his  mind  one  of  the 
Standard  types  of  boilers  as  manufactured  rather  than  such  a  boiler 
as  would  be  designed  for  the  purpose  of  making  a  series  of  standard 
tests. 


*  Author's  Closure,  under  the  Rules. 
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ROBERT  FULTON  MEMORIAL. 

It  will  \)Q  rooallod  that,  at  tlio  doatli  of  Mr.  Rohort  Fulton  in 
1S15,  his  bodv  was  intorred  in  rHnity  Churchyard,  in  Xcw  York 
City,  in  the  vault  holonaino-  to  the  Livingston  family.  It  had  been 
felt  by  the  American  Society  of  ^Mechanical  Eno'ineers  that  it 
would  be  very  frttino;  to  recognize  the  debt  whicJi  the  profession 
of  engineering  owed  to  Mr.  Fulton  for  making  the  problem  of  pro- 
pulsion on  the  water  by  steam  a  commercial  success  by  a  suit- 
able monument  in  the  churchyard,  whereby  the  obligation  might 
be  recognized  on  the  one  hand,  and  the  fame  of  ^Ir.  Fulton  be 
made  more  enduring. 

To  this  end  the  Society  appointed  a  committee,  consisting  of 
llv.  Gus  C.  llenning.  Chairman,  ^^fr.  IT.  TI.  Suplee  and  ]\rr.  C.  AV. 
Hunt,  to  confer  with  the  corporation  of  Trinity  Church  with  re- 
spect to  the  erection  of  such  monument,  at  the  expense  of  the  So- 
ciety. As  the  result  of  the  work  of  this  Committee,  an  arrange- 
ment was  made  for  an  (digible  location  on  the  Rector  Street  side 
of  Trinity  Churchyard,  and  the  consent  of  the  descendants  of  Mr. 
Fulton  was  secured  to  the  taking  of  the  necessary  steps  to  dedi- 
cate this  memorial  with  suitable  ceremonies.  The  date  chosen  for 
the  exercises  in  connection  with  the  monument  Avas  the  afternoon 
of  Thursday,  December  5,  lt)01,  during  the  continuance  of  the 
Twenty-second  Annual  Meeting  of  the  Society. 

The  exercises  of  the  day  consisted  of  addresses  by  Chief  En- 
gineer B.  F.  Isherwood,  Rear-Admiral  George  AV.  Melville  and 
Professor  R.  II.  Thurston,  in  commemoration  of  the  achievements 
of  ^[r.  Fulton  on  the  professional  and  secular  side.  These  ad- 
dresses were  delivered  in  the  Board  room  of  the  Real  Estate  Ex- 
change in  the  basement  of  the  Trinity  Buildings,  on  the  north  side 
of  the  churchyard.  Adjourning  then  in  a  body,  the  Society 
attended  a  full  choral  service  following  the  ritual  of  the  Episcopal 
Church  in  the  nave  of  Trinity  Church. 

The  service  was  conducted  bv  the  Rev.  Morgan  Dix,  Rector  of 
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Trinity  Parish,  and  the  sermon  was  delivered  by  the  llev.  Kobert 
Fulton  Ch'ary,  of  Poughkoopsie,  New  York,  grandson  of  Air. 
Robert  Fulton.     Following  the  close  of  the  service,  the  members 


of  the  Society  with  their  guests  and  the  relatives  of  Air.  Fulton 
who  could  be  reached,  filed  into  the  churchyard  past  the  monu- 
ment and  the  exercises  were  over. 

It  added  particular  interest  to  the  occasion  that   among  the 
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guests  should  bo  cx-diicf  Kiiiiiuccr  Clmilc-  II.  Ihiswdl,  ik.w  dvcr 
ninety-two  years  of  uii'e.  The  |)lM)t<>gra|)li  which  is  reproduced  in 
the  acconi])anyiiio'  illustration,  Fio-.  :j()4,  shows  Chief  Kn<:ineer 
Ilaswell  on  onc^  side — the  first  Chief  Kno-ineer  of  the  rnite(l 
States  Xavv — and  Kear-A(Uniral  (uor^c  \V.  Melville,  the  in- 
ound^ent  of  the  othce  at  the  time  the  ]ihoto<i-ra])h  was  taken,  on  the 
other.  The  liv(>s  of  these  two  nun  have  >|)anned  the  entire  in- 
terval of  the  rnit(>(l  States  (steam)  Xavy,  tor  whose  foundation 
the  profession  of  engiiun  riui;-  owes  its  indebtedness  to  Robert 
Fulton. 


■r 


ERtCTEO  TO  THE  MEMORY  or 

ROBERT   FVLTON 

ftORM  l^fcS-  -0IEOI8B- 

.;-7  -BY  .        . 

^  THE  AMERICAN  SOOETY  Of  MECHANICAL  ENGINEERS 

1901 
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The  design  of  tho  iiioniimont  is  shown  in  the  accompanying 
illustration  (Fig.  .SO.")).     Tiic  inscription  is  as  follows: 

Erected   to  t\\v   Memory  of 
HOHERT  FULTON, 
Born  17G5.  Died  1815. 

The  American  Society  of  Mechanical  Engineers, 

1901. 

It  is  surmounted  by  a  bas-relief  medallion  (Fig.  306)  taken  from 
the  best  authentic  sources,  and  based  mainly  upon  a  portrait  in  the 
possession  of  the  Society  and  hanging  on  its  walls,  which  has  been 


FrG.  306. 

stated  to  be  a  portrait  of  himself  by  Mr.  Fulton,  at  the  time  he  Avas 
making  portrait  painting  his  special  avocation.  A  reproduction 
of  this  portrait  is  shown  in  Fig.  303.  On  the  back  of  the  base 
of  the  monument,  where  it  can  be  distinctly  read  from  tlie 
Rector  Street  side  of  the  churchyard,  stands  the  simi)le  word 
"  FULTOX." 

The  Committee  had  cast  in  bronze  the  reproduction  of  a  Ptobert 
Fulton  drawing  which  is  shown  in  Fig.  307,  and  had  intended  to 
place  this  on  the  rear  of  the  shaft  to  correspond  with  the  medal- 
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linn.      It  was  finally  decided  to  omit  llic  i-('])j-()<lnctioii  and  to  jnit 
it  lo  otliiT  uses. 

it  has  born  thoui»;lit  advisable  as  a  matter  of  reeonl,  tliat  an 
appendix  to  the  Society's  Transactions  shonld  contain  the  fnll  re- 
ligious service  and  the  addresses.    These  in  their  order  follow: 

TRINITY  CHURCH,  NEW  YORK. 

Form  of  Service,  December  5th,  1901,  at  3  o'clock  i'.m.  ().\  thk  Occasion 
OF  THE  Unveiling  of  a  Monument  Erected  in  the  Church  Yard  by  the 
American  Society  of  Mechanical  Engineers  to  the  Memory  of  Robert 

FlLTON. 

ORDER  OF  SERVICE. 

T'  (  Largo  e  mesto,  / 

Opening   \  oluntary,  -'        "    ^  ^.^     .1  -   : Bathovcn 

(  Opus  10,  No.  o  ) 

Processional,  Hymn  452 (Tunc  Pleyd) Plcyel 

Cliildren  of  the  Heavenly  Kinnr, 
As  ye  JQurney,  sweetly  sing! 
Sing  your  Saviour's  worthy  praise, 
Glorious  in  His  works  and  ways! 

AVe  are  travelling  home  to  God, 
In  the  way  the  fathers  trod: 
They  are  happy  now,  and  we 
Soon  their  happiness  shall  see. 

Lift  your  eyes,  ye  sons  of  light! 
Sion's  city  is  in  sight: 
There  our  endless  home  shall  be, 
There  our  Lord  we  soon  shall  see. 

Fear  not,  brethren;  joyful  stand 
On  the  borders  of  your  land; 
Jesus  Christ,  your  Father's  Son, 
Bids  you  undismayed  go  on. 

Lord,  obediently  we  go, 
Gladly  leaving  all  below; 
Only  Thou  our  Leader  be, 
And  we  still  will  follow  Thee. 

In  the  name  of  the  Father,  and  oi  the  Son,  and  of  the  Holy  Ghost.     Amen. 

Tliou.  O  God,  art  praised  in  Sion:  and  unto  thee  shall  the  vow  be  performed  in 
Jerusalem.     Psabn  Lrv.  1. 
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The  souls  of  the  righteous  are  in  the  hand  of  God,  and  there  shall  no  torment 
touch  them.     Wisdom  Hi.  1. 

The  children  of  Th}'  servants  shall  continue:  and  their  seed  shall  stand  fast  in 
Thy  sight.     Psalm  cii.  28. 

Ver.     The  Lord  be  with  you. 

I^.       And  with  thy  spirit. 
Let  us  pray. 


Our  Father,  who  art  in  heaven,  Hallowed  be  thy  Name.  Thy  kingdom  come. 
Thy  will  be  done  on  earth,  As  it  is  in  heaven.  Give  us  this  day  our  daily  bread. 
And  forgive  us  our  tresspasses,  As  we  forgive  those  who  tresspass  against  us. 
And  lead  us  not  into  temptation;  But  deliver  us  from  evil:  For  thine  is  the  king- 
dom, and  the  power,  and  the  glory,  for  ever  and  ever.     Amen. 
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Ver.     O  Lord  open  thou  our  lips, 
I^.       And  our  mouth  sliall  sliow  forth  thy  praise. 
Ver.     O  God,  make  speed  to  save  us. 
I^.       O  Lord,  make  haste  to  help  us. 

Glory  be  to  the  Father,  and  to  the  Son,  and  to  the  Holy  Ghost;  As  it  was  in 
the  beginning;,  is  now,  and  ever  shall  be,  world  without  end.     Amen. 
Praise  ye  the  Lord. 
The  liord's  name  be  praised. 

Psalm  xciii Attwood 

The  Lord  is  King,  and  hath  put  on  glorious  apparel:  the  Lord  hath  put  on  his 
apparel,  and  girded  himself  with  strength. 

He  hath  made  the  round  world  so  sure:  that  it  cannot  be  moved. 

Ever  since  the  world  began,  hath  thy  seat  been  prepared:  thou  art  from  ever- 
lasting. 

The  floods  are  risen,  O  Lord,  the  floods  have  lift  up  their.voice:  the  floods  lift 
up  their  waves. 

The  waves  of  the  sea  are  mighty,  and  rage  horribly:  but  yet  the  Lord,  who 
dwelleth  on  high,  is  mightier. 

Thy  testimonies,  O  Lord,  are  very  sure:  holiness  becometh  thine  house  for 
ever. 

Psalm  cxii Walmisley 

Blessed  is  the  man  that  feareth  the  Lord:  he  hath  great  delight  in  his  com- 
mandments. 

His  seed  shall  be  mighty  upon  earth:  the  generation  of  the  faithful  shall  be 
blessed. 

Riches  and  plenteousness  shall  be  in  his  house :  and  his  righteousness  endureth 
for  ever. 

Unto  the  godly  there  ariseth  up  light  in  the  darkness:  he  is  merciful,  loving, 
and  righteous. 

A  good  man  is  merciful,  and  lendeth;  and  will  guide  his  words  with  discretion. 

For  he  shall  never  be  moved:  and  the  righteous  shall  be  had  in  everlasting 
remembrance. 

He  will  not  be  afraid  of  any  evil  tidings:  for  his  heart  standeth  fast,  and  be- 
lie veth  in  the  Lord. 

His  heart  is  stablished,  and  will  not  shrink:  until  he  see  his  desire  upon  his 
enemies. 

He  hath  dispersed  abroad,  and  given  to  the  poor:  and  his  righteousness  re- 
maineth  for  ever;  his  horn  shall  be  exalted  with  honour. 

The  ungodly  shall  see  it,  and  it  shall  grieve  him:  he  shall  gnash  with  his  teeth, 
and  consume  away;  the  desire  of  the  ungodly  shall  perish. 

Psalm  cxvii • Cooke 

O  praise  the  Lord,  all  ye  heathen:  praise  him,  all  ye  nations.  For  his  merci- 
ful kindness  is  ever  more  and  more  toward  us;  and  the  truth  of  the  Lord  endureth 
for  ever.     Praise  the  Lord. 
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The  Lesson.  Ecclesiasticus  xxxix.  1-10. 

He  that  giveth  his  mind  to  the  law  of  the  most  High,  and  is  occupied  in  the 
meditation  thereof  will  seek  out  the  wisdom  of  all  the  ancient,  and  be  occupied  in 
prophecies. 

lie  will  keep  the  sayings  of  the  learned  men:  and  where  subtil  parables  are, 
he  will  be  there  also. 

He  will  seek  out  the  secrets  of  grave  sentences,  and  be  conversant  in  dark 
parables. 

He  shall  serve  among  great  men,  and  appear  before  princes:  he  will  travel 
through  strange  countries;  for  he  hath  tried  the  good  and  the  evil  among  men. 

He  will  gi^'e  his  heart  to  resort  early  to  the  Lord  that  made  him,  and 
will  pray  before  the  most  High,  and  will  open  his  mouth  in  prayer,  and  make 
supplication  for  his  sins. 

When  the  great  Lord  will,  he  shall  be  filled  with  the  spirit  of  understanding: 
he  shall  pour  out  wise  sentences,  and  give  thanks  unto  the  Lord  in  his  prayer. 

He  shall  direct  his  counsel  and  knowledge,  and  in  his  secrets  shall  he  meditate. 

He  shall  show  forth  that  which  he  hath  learned,  and  shall  glory  in  the  law  of 
the  convenant  of  the  Lord. 

Many  shall  commend  his  understanding;  and  so  long  as  the  world  endure th, 
it  shall  not  be  blotted  out;  his  memorial  shall  not  depart  away,  and  his  name  shall 
live  from  generation  to  generation. 

Nations  shall  show  forth  his  wisdom,  and  the  congregation  shall  declare  his 
praise. 

Cantate  Domino,  in  E  flat Garrett 

0  sing  unto  the  Lord  a  new  song:  for  he  hath  done  marvellous  things. 

With  his  own  right  hand,  and  with  his  holy  arm:  hath  he  gotten  himself  the 
victory. 

The  Lord  declared  his  salvation:  his  righteousness  hath  he  openly  showed  in 
the  sight  of  the  heathen. 

He  hath  remembered  his  mercy  and  truth  toward  the  house  of  Israel:  and  all 
the  ends  of  the  world  have  seen  the  salvation  of  our  God. 

Show  yourselves  joyful  unto  the  Lord,  all  ye  lands:  sing,  rejoice,  and  give 
thanks. 

Praise  the  Lord  upon  the  harp :  sing  to  the  harp  with  a  psalm  of  thanksgiving. 

With  trumpets  also  and  shawms:  O  show  yourselves  joyful  before  the  Lord, 
the  King. 

Let  the  sea  make  a  noise,  and  all  that  therein  is:  the  round  world,  and  they 
that  dwell  therein. 

Let  the  floods  clap  their  hands,  and  let  the  hills  be  joyful  together  before  the 
Lord:  for  he  is  come  to  judge  the  earth. 

With  righteousness  shall  he  judge  the  world:  and  the  people  with  equity. 

1  believe  in  God  the  Father  Almighty,  Maker  of  heaven  and  earth:  And  in 
Jesus  Christ  his  only  Son  our  Lord :  Who  was  conceived  by  the  Holy  Ghost,  Born 
of  the  Virgin  Mary :  Suffered  under  Pontius  Pilate,  Was  crucified,  dead  and  buried: 
He  descended  into  hell;  the  third  day  he  rose  again  from  the  dead:  He  ascended 
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into  heaven,  And  sittoth  on  tlio  rijjht  liand  of  God  the  Father  Ahniphty:  From 
thence  he  shall  come  to  ju(if:;e  the  quick  and  the  dead. 

I  believe  in  the  Holy  Ghost:  The  holy  Catholic  Church;  The  Communion  of 
Saints:  The  Forgiveness  of  sins;  The  Resurrection  of  the  body:  And  the  Life 
everlasting.     Amen. 

Ver.     The  Lord  be  with  you. 
I^.       And  with  thy  spirit. 
Let  us  pray. 

Ver.  O  Lord,  show  thy  mercy  upon  us. 

I^.  And  grant  us  thy  salvation. 

Ver.  It  is  the  Lord  that  commandeth  the  waters: 

I^.  It  is  the  glorious  God  that  maketh  the  thunder. 

Ver.  Thy  way  is  in  the  sea,  and  thy  paths  in  the  great  waters: 

I^.  And  thy  footsteps  are  not  known. 

Ver.  The  Lord  sitteth  above  the  water  flood: 

I^.  And  the  Lord  remaineth  a  King  for  ever. 

Ver.  The  Lord  shall  give  strength  unto  his  people. 

I^.  The  Lord  shall  give  his  people  the  blessing  of  peace. 

Ver.  O  God,  make  clean  our  hearts  within  us. 

I^.  And  take  not  thy  holy  spirit  from  us. 

The  Collect 

Almighty  God,  give  us  grace  that  we  may  cast  away  the  works  of  darkness, 
and  put  upon  us  the  armour  of  light,  now  in  the  time  of  this  mortal  life,  in  which 
thy  Son  Jesus  Christ  came  to  visit  us  in  great  humility;  that  in  the  last  day,  when 
he  shall  come  again  in  his  glorious  majesty  to  judge  both  the  quick  and  the  dead, 
we  may  rise  to  the  life  immortal,  through  him  who  liveth  and  reigneth  with  thee 
and  the  Holy  Ghost,  now  and  ever.     Amen. 

A  Colled  for  Peace. 

O  God,  from  whom  all  holy  desires,  all  good  counsels,  and  all  just  works  do 
proceed;  Give  unto  thy  servants  that  peace  which  the  w^orld  cannot  give;  that 
our  hearts  ma}'-  be  set  to  obey  thy  commandments,  and  also  that  by  thee,  we, 
being  defended  from  the  fear  of  our  enemies,  may  pass  our  time  in  rest  and  quiet- 
ness; through  the  merits  of  Jesus  Christ  our  Saviour.     Amen. 

We  bless  Thy  holy  Name,  O  Lord,  for  the  names  and  honour  of  those  who 
ha^^ng  done  Thy  will  and  finished  their  work  which  Thou  gavest  them  to  do,  ha\  e 
departed  out  of  this  world  in  Thy  faith  and  fear,  and  especially  for  Thy  servant 
whom  we  remember  and  commemorate  before  Thee  this  day.  And  we  pray  Thee 
graciously  to  accept  the  dedication  of  the  monument  now  set  up  in  this  church- 
yard in  memory  of  our  brother.  May  his  name  be  held  in  everlasting  remem- 
brance, and  his  praise  throughout  all  generations.  And  grant  to  us,  Thy  humble 
servants,  that  by  Thy  help  we  may  glorify  Thy  holy  Xame  in  all  our  works  begun, 
continued,  and  ended  in  thee,  and  at  last,  with  Thy  people,  be  made  partakers  of 
peace,  and  rest  in  Thy  presence  forever  more,  through  Jesus  Christ,  our  Lord. 

The  grace  of  our  Lord  Jesus  Christ,  and  the  love  of  God,  and  the  fellowship  of 
the  Holy  Ghost,  be  with  us  all  evermore.     Amen. 
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Hymn  418 (Tunc  St.  Anne) Crojt 

O  God,  our  help  in  ajijes  past, 

Our  hope  for  years  to  come, 
Our  shelter  from  the  stormy  blast 

And  our  eternal  home: 

Under  the  shadow  of  Thy  throne 

Thy  saints  have  dwelt  secure; 
Sufficient  is  Thine  arm  alone, 

And  our  defense  is  sure. 

Before  the  hills  in  order  stood, 

Or  earth  received  her  frame, 
From  everlasting  Thou  art  God, 

To  endless  years  the  same. 

A  thousand  ages  in  Thy  sight 

Are  like  an  evening  gone; 
Short  as  the  watch  that  ends  the  night 

Before  the  rising  sun. 

Time,  like  an  ever-rolling  stream, 

Bears  all  its  sons  away; 
They  fly,  forgotten,  as  a  dream 

Dies  at  the  opening  day. 

O  God,  our  help  in  ages  past, 

Our  hope  for  years  to  come. 
Be  Thou  our  guide  while  life  shall  last. 

And  our  eternal  home. 

Address  by  the  Rev.  ROBERT  FULTON  CRARY,  D.D. 

Benediction. 

Recessional  Hymn  414 (Tune  St.  Oswald) : :  .Dykes 

Guide  me,  O  Thou  great  Jehovah, 

P'lgrim  through  this  barren  land, 
I  am  weak,  but  Thou  art  mighty: 

Hold  me  with  Thy  powerful  hand. 

Open  now  the  crystal  fountains 

Whence  the  living  waters  flow; 
Let  the  fiery,  cloudy  pillar 

Lead  me  all  my  journey  through. 

Feed  me  with  the  heavenly  manna 

In  this  barren  wilderness; 
Be  my  swoi-d,  and  shield,  and  banner, 

Be  the  Lord  my  Righteousness. 
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When  I  troad  tlio  vct^o  of  Jordan, 

Hid  my  anxious  fears  subside; 
Death  of  (h>alh,  and  hell's  dcstruetion, 

Land  ine  safe  on  Canaan's  side. 

n.  ^r.  ,,    ir  (  Finale  from  Theme  and  )  ^,  .  , 

Closing  Voluntary ^  ..       .     .a.      )■ Thiele 

variations  in  A  flat      \ 


ADDRESS  READ  m  NEW  YORK  CITY  BY  GEORGE  W. 
MELVILLE,  REAR  ADIMIRAL  AND  ENGINEER-IN- 
CHIEF,  U.  S.  N.,  DECEMBER  5,  1901. 

ROBERT  FULTON. 

"Death  makes  no  conquest  of  this  conqueror; 
For  now  he  lives  in  fame,  though  not  in  life."* 

"Here  the  reward  stands  for  thee — A  chief  seat 
In  fame's  fair  sanctuary,  where  some  of  old, 
Crown'd  with  their  troubles,  now  are  here  enroll'd 
In  memory's  sacred  sweetness  to  all  ages."  f 

Ladies  and  Gentlemen:  We  are  assembled  here  to  do  honor  to 
the  memory  of  a  Great  American  and  a  Great  Engineer.  To  the 
memory  of  one  whose  work  led,  in  its  development,  to  the  utmost 
benefits  and  blessings  to  mankind.  Without  exaggeration,  it  can 
be  truly  said,  that  among  the  world's  foremost  benefactors  stands 
Robert  Fulton,  the  American  Engineer,  whose  monument  w^e  are 
dedicating  to-day. 

It  is  most  appropriate  that  this  monument  should  be  reared  in 
the  metropolis  of  the  Western  World,  where  his  greatest  triumphs 
were  achieved,  and  where  he  rests  amidst  the  sights  and  sounds  of 
that  prosperity  which  is  largely  the  outgrowth  of  his  genius  and 
perseverance.  But  the  prosperity  of  New  York  is  only  a  part  of 
the  prosperity  of  the  whole  world  that  has  come  from  the  develop- 
ment of  Steam  Navigation,  which,  in  its  realization,  far  surpasses 
the  most  eager  dreams  of  Fulton  and  his  contemporaries  for  the 
expansion  of  commerce,  the  closer  communication  between  na- 
tions, and  the  more  intimate  intercourse  among  men. 

*  Quotation  1. — Shakespeare,  "  Richard  III." 
f  Quotation  2.— Middleton's  "Triumph  of  Love  and  Antiquity." 
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AVhon  we  reflect  upon  the  changes  produced  by  the  successful 
ap])lication  of  steam  to  navigation — when  we  attempt  to  span 
mentally  the  entire  period  from  the  beginning  of  this  mighty  in- 
dustry down  to  its  present  magnificent  fruition — we  realize  that 
the  advance  of  time  has  brought  almost  another  world.  Upon  the 
sea  to-day  are  borne  great  fleets  of  swift  and  safe  commerce  car- 
riers; and  tc-day  powerful  steam  warships  proudly  fly  the  flag  of 
Nations  in  all  quarters  of  the  globe.  Ecpeatedly  the  records  for 
speed  have  been  broken  by  the  Transatlantic  liners;  and  the  close 
of  the  past  Century  witnessed  the  triumphant  sweep  over  the 
ocean  of  a  Columbia  and  of  an  Oregon. 

The  journey  across  the  Atlantic,  which  a  hundred  years  ago 
was  a  serious  undertaking,  is  now  a  pleasure-trip  which  our  busy 
men  start  upon  at  a  few  hours'  notice,  and  which  almost  every 
fashionable  society  woman  coimts  as  a  part  of  her  regular  duties. 

Steam  ISTavigation  has  enabled  the  inhabitants  of  the  different 
countries  to  come  into  the  closest  touch  with  each  other  by  the 
enormous  increase  of  mail  facilites,  and  by  the  interchange  of 
literature.  It  has  practically  abolished  climatic  conditions  as  far 
as  food  products  are  concerned;  and  has  made  it  possible  for  peo- 
ple in  every  country  to  enjoy  the  products  of  every  other.  This 
great  benefit  is  shared  by  all  classes  of  society. 

!Not  only  has  Steam  l^avigation  made  more  pleasant  the  lot 
of  people  on  shore,  but  it  has  completely  changed  the  life  of  people 
on  board  ship.  With  the  development  of  steam  to  the  arts,  the 
modern  vessel  is  able  to  carry  fresh  food;  to  have  absolutely 
pure  water,  the  best  of  light  and  thorough  ventilation — together 
with  comfortable  warmth.  How  great  a  change  this  is  from  the 
conditions  of  a  hundred  years  ago  can  be  only  fully  realized  by 
those  who  have  had  some  experience  with  sailing  vessels  built  in 
the  early  part  of  the  last  century. 

Though  Fulton's  achievements  were  not  at  first  thoroughly 
understood  nor  appreciated  by  his  countrymen,  and  though  he  has 
not  been  always  given  that  credit  which  he  deserves  by  foreign 
writers,  it  may  be  said  that  the  success  of  Fulton  in  the  practical 
establishment  of  Steam  ^N'avigation  was  so  marked  an  event  in 
history,  that  since  his  death  his  memory  has  been  honored  by  the 
American  people  and  his  merits  generally  recognized  the  world 
over.  Of  him  there  have  been  scores  of  memorials  written;  and 
in  different  periods  of  our  history  Government  and  Merchant  ves- 
sels have  borne  his  name.  Other  substantial  marks  of  respect 
have  been  paid  to  his  memory.     Here,  in  New  York,  you  have 
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daily  reminders  of  Fulton  in  the  ''^Fulton  Ferry"  (which  he 
started,  and  Avliicli  nj)  to  the  time  of  the  construction  of  the 
Brooklyn  Bridge  was  the  chief  means  of  transportation  between 
New  York  and  Brooklyn),  and  in  Fulton  Street  and  in  the  Fulton 
Market.  But  while  there  is  actually  needed,  perhaps,  no  further 
expression  of  onr  appreciation  of  his  greatness  to  keep  him  in  re- 
membrance, it  is  meet  that  we  should  at  last  erect  this  monument 
to  his  memory.  As  engineers  we  feel  it  especially  incumbent 
upon  us  to  discharge  this  loving  duty. 

Toward  the  close  of  the  Eighteenth  Century,  when  the  Steam 
Engine  had  but  lately  been  sent  forth  on  its  world-wide  mission 
by  its  master,  it  is  natural  that  the  thoughts  and  energies  of  many 
men  should  turn  to  the  application  of  so  marvellous  a  factor  for 
material  development — a  factor  fraught  with  such  practical  prom- 
ise. Connected  wath  the  introduction  of  that  important  branch  of 
the  steam  engine's  application — Steam  Navigation — history  dis- 
closes a  cluster  of  inventors,  engineers  or  mechanics,  of  different 
nationalities  (including  a  number  of  Americans  besides  Bobert 
Fulton)  of  varying  force  of  character,  originality,  mechanical  apti- 
tude and  business  ability. 

It  is  not  likely,  after  the  lapse  of  history,  when  the  merits  of 
the  different  men  who  attempted  to  construct  a  commercially  suc- 
cessful steamboat  have  been  thoroughly  sifted,  that  our  patriotism 
would  obscure  our  judgment,  and  that  we  should  laud  Fulton 
at  the  expense  of  others.  It  is  sufficient  to  say  that  Fulton  w^as 
aided  in  his  work  by  the  efforts  and  partial  success  of  those  who 
had  gone  before  him,  and  by  the  general  scientific  knowdedge  and 
engineering  experience  of  his  time,  as  well  as  by  the  acquaintance 
of  some  of  the  most  able  and  enterprising  men  who  were  engaged 
in  the  solution  of  the  world's  problems,  including  AVatt  himself. 
He  had  also  the  financial  aid  and  the  friendship  of  his  fellow- 
countryman.  Chancellor  Livingston,  much  in  the  same  way  that 
Watt  had  the  material  support  and  encouragement  of  Mr. 
Boulton. 

But  these  advantages  of  themselves  could  not  have  insured 
success,  which  was  the  result  of  Fulton's  progressive  and  cour- 
ageous spirit,  his  adaptive  and  resourceful  mind,  his  originality, 
practical  judgment  and  unremitting  labor. 

Without  doubt,  Fulton  must  be  acknowledged  to  have  made 
that  valuable  contribution  to  the  world's  progress — the  com- 
mercial establishment  of  Steam  Navigation. 

The  claims  of  any  man,  of  any  Nation,  cannot  take  from  the 
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Ainorican  Engineer,  Fnlton,  that  success  which  the  unanswerable 
logic  of  his  deeds  awards  him. 

"One  thing  is  forever  good: 
That  one  thing  is  success." 

AVhen  rightly  used,  the  originative  faculty  is  the  glory  of  man- 
kind. It  is  only  by  scientific  discovery,  great  invention,  and  pro- 
gressive engineering  that  material  advance  can  be  made,  and 
civilization  be  carried  onward.  For  man,  the  best  knowledge 
is  that  which  is  most  useful  to  him,  and  he  who  makes  successful 
mechanical  applications  and  improvements  is  a  world-wide  phi- 
lanthropist. 

The  grand  dreamer  in  Mechanics  burns  with  the  true  spirit 
of  progress.  Unfortunately,  from  habits  of  abstract  thought 
and  insufficient  amount  of  practical  experience — which  are  indeed 
almost  inseparable  from  his  genius — the  Mechanical  Seer  often 
is  unable  to  place  his  discovery  Avithin  the  reach  of  humanity, 
and  it  therefore  frequently  remains  for  the  more  practical  in- 
ventor and  engineer  to  aid  him  in  interpreting  its  mechanical 
advantages  and  exhausting  its  commercial  possibilities. 

Our  present  conception  of  the  term  ^^  Invention  "  is  much  wider 
and  more  definite  than  in  the  past,  and  it  is  seen  to  be  more 
closely  connected  with  scientific  experiment  and  engineering 
efficiency  than  was  formerly  supposed.  The  Inventor  in  the 
truest  sense  of  the  term  is  he  who,  besides  having  the  originative 
faculty,  possesses  wide  scientific  knowledge,  and  practical  skill 
in  the  design  of,  and  experience  with,  existing  forms  of  machin- 
ery. In  addition  to  these  qualities,  for  an  inventor  to  achieve 
coinmercial  success  with  his  invention,  there  must  be  a  natural 
demand  for  it;  and  he  must  possess  the  courage  and  perseverance, 
the  financial  means,  and  the  practical  ability  to  put  it  upon  a 
business  basis,  or  else  must  entrust  it  wholly  or  partly  to  the  hands 
of  others  to  do  so. 

The  necessity  for  all  of  these  qualities  becomes  greater  as  the 
machine  becomes  more  complex. 

It  is,  moreover,  now  thoroughly  appreciated  that  in  the  design 
of  machinery,  the  most  exacting  exercise  of  the  inventive  faculty 
is  required — inasmuch  as  here  the  mind  is  working  within  nar- 
rower limits  of  practicability  and  a  more  definiteness  of  thought 
and  fijdty  of  attention  are  needed.  The  designer  is  approaching 
the  actual  construction,  and  further  on,  the  actual  operation,  of 
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the  machine.  Such  use  of  tlie  imagination  takes  the  most  sonnd 
and  disciplined  intcdk'ct;  and  tlic  cJHiragc  and  character  of  the 
man  will  be  here  shown  in  the  results  of  his  work — whether  all 
the  details  of  dev(do])ment  have  been  worked  out,  or  whether  the 
machine,  through  half-heartedness  and  slip-shod  methods  on  the 
part  of  t\\c  designer,  falls  short  of  i1>  i)ossibilities. 

Generally  speaking,  Fulton's  cLiims  as  the  first  inventor  of 
the  practical  steamboat  cannot  be  disputed,  since  it  ])roved  its 
utility  in  actual  service.  As  a  rule,  a  great  mechanical  invention 
is  the  outgrowth  of  the  combined  eiforts  of  several  inventors  of 
more  than  one  Xation,  and  in  a  general  sense  may  be  said  to  be 
common  scientific  knowledge;  but  to  the  man  who  actually  makes 
a  commercial  success  of  an  invention,  due  credit  always  must  be 
given.     I'ulton  commercially  created  the  steamboat. 

There  can  be  no  doubt  of  Fulton's  power  of  originality,  which 
(besides  being  evidenced  by  his  work  of  proportioning  the  ma- 
chinery to  the  hull  of  his  vessels,  and  by  the  improvements  which 
he  made  to  each  successive  boat  as  it  was  built),  may  be  seen  in 
the  work  of  his  whole  life,  which  was  in  great  part  taken  up  with 
invention  and  the  projection  of  plans  for  the  world's  w^elfare. 

Fulton  possessed  scientific  knowledge  and  practical  skill,  was  a 
progressive  engineer,  and  his  great  work  in  the  establishment 
and  subsequent  improvement  of  the  commercial  steamboat  was 
built  upon  a  firm  foundation. 

In  his  methods,  we  note  the  most  careful  procedure  and  the 
most  approved  ways  and  means  to  attain  the  results  desired,  lie 
did  not  trust  to  vague  theory,  but  worked  out  all  details  and  thor- 
oughly tried  everything  that  might  be  in  doubt  before  attempting 
to  introduce  it  into  actual  use. 

In  securing  the  confidence  and  aid  of  friends,  Fulton  may  be 
said  to  have  had  ''  good  fortune,"  which  is  at  best  a  most  unsatis- 
factory and  indefinite  term;  but  all  other  requisites  for  the  com- 
mercial success  of  a  marked  and  timely  application  in  the  use  of 
the  steam  engine  Fulton  either  naturally  possessed  or  else  ac- 
quired by  his  industry. 

Let  us  not  permit  our  knowledge  of  the  present  advanced  state 
of  Marine  Engineering  efficiency  and  practice  to  dim  our  con- 
ception of  Fulton's  great  work. 

Let  us  recognize  his  great  achievement. 

Let  us  give  all  honor  to  I'ulton  who  by  his  courage,  energy  and 
determination;  by  his  knowledge,  skill  and  practical  enterprise — 
through  combat  and  stress,  through  trial  and  labor,  through  dis- 
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coiiragement  and  inappreciation — overcame  opposition,  beat 
down  the  barriers  of  conservatism,  and  turned  cold  indifference 
into  fervid  enthusiasm,  and  sneering  ignorance  into  unfeigned 
wonder. 

As  one  possessing  the  power  of  invention — or  that  which  is 
often  its  practical  equivalent,  great  ability  as  a  progressive  en- 
gineer and  as  a  business  man — Fulton  lives  in  the  fame  that  he 
so  justly  earned. 

I  have  dwelt  at  some  length  upon  Fulton's  share  in  the  intro- 
duction of  the  commercial  steamboat,  since  in  going  through  many 
old  memorials  and  records  of  his  achievements,  glowing  with 
appreciation  of  his  greatest  work  (to  which  memorials  and  records 
w^e  of  this  day  are  indebted  for  the  knowledge  of  the  detailed 
facts  and  circumstances  attending  Fulton's  life  and  labors),  one 
is  impressed  with  the  truth  that,  in  some  cases,  his  claims  as  the 
first  inventor  of  the  practical  steamboat  might  have  been  put 
forth  more  positively.  In  the  light  of  a  more  thorough  realiza- 
tion at  the  present  time  of  the  intimate  connection  between  the 
inventor,  the  progressive  engineer,  and  the  business  man — Ful- 
ton's genius  can  be  now  more  generally  discerned. 

Robert  lulton  was  born  in  Lancaster  County,  Pennsylvania, 
in  1765.  At  an  early  age  he  evinced  talent  as  an  Artist,  and  by 
the  time  he  was  21  had  achieved  such  success  in  painting  that 
he  was  able  to  buy  a  farm  for  his  widowed  mother.  On  the 
advice  of  friends,  he  then  went  to  England,  to  seek  aid  from  that 
famous  American,  Benjaixdn  West,  in  the  further  development 
of  his  talent  for  painting.  After  studying  wdth  Mr.  West  for 
several  years,  Fulton  started  out  on  his  independent  career  as 
an  Artist. 

Soon  making  the  acquaintance  of  several  men  of  science  and 
mxcchanical  ability,  the  spirit  of  his  true  genius — that  of 
Mechanics — w^hich  had  been  sleeping,  awoke  and  urged  him  on- 
ward to  the  fulfilment  of  his  destiny.  In  his  earliest  days,  Ful- 
ton's true  bent  had  asserted  itself.  As  a  boy  he  had  fashioned  a 
paddle  wheel  worked  by  a  crank  to  save  himself  and  his  compan- 
ions the  fatigue  of  poling  their  boat  in  their  youthful  fishing  trips 
on  the  Conestoga.  Moreover,  much  of  his  spare  time  as  a  lad 
had  been  spent  among  the  artisans  in  the  workshops  near  his 
home ;  and  before  adopting  the  career  of  an  Artist  he  had  learned 
the  trade  of  a  watchmaker. 

Seven  years  after  his  arrival  in  England,  we  find  Fulton,  then 
only  28  years  of  age,  thoroughly  impressed  with  the  idea  of  the 
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practicability  of  the  steamboat  t<)  wliich  so  iiiiicli  of  his  l)Ost 
thoughts  and  energies  were  devoted  throughout  a  great  part  of 
the  remainder  of  his  life.  From  views  expressed  by  Fulton, 
about  tliis  time  (1703),  in  a  letter  to  Earl  Stanhope,  on  the  prac- 
ticability of  a  plan  for  Steam  Navigation — it  is  the  opinion  of 
competent  authorities  that  had  Fulton  been  given  the  opportunity 
to  then  test  such  views,  the  commercial  steamboat  would  have 
been  a  fact  t^en  years  prior  to  the  success  of  the  Clermont 
wliich  was  launched  in  1807. 

By  1795,  having  added  to  his  stock  of  mechanical  knowledge, 
and  won  honors  as  an  inventor,  Fulton  was  a  Civil  Engineer  and 
was  writing  extensively  on  technical  subjects.  He  was  particu- 
larly interested  in  inland  navigation  and  appreciated  its  value  as 
a  means  for  the  internal  development  of  the  United  States. 

Crossing  the  channel  to  France — in  1797  he  formed  the  ac- 
quaintance in  Paris  of  Mr.  Barlow,  who  became  his  life-long 
friend.  At  this  time,  besides  pursuing  other  studies,  Fulton 
gained  a  better  knowledge  of  mathematics  and  physics.  It  was 
while  in  Paris  that  Fulton  experimented  with  submarine  explo- 
sives and  torpedo  boats.  "When  engaged  in  experimenting  with 
torpedoes,  a  man  possessing  such  practical  judgment  as  Fulton 
must  have  realized  that  these  weapons  could  never  prove  of  great 
value  as  long  as  the  vessel  using  them  was  dependent  on  the  wind, 
so  that  we  find  him  in  ISOl  again  turning  to  the  effort  to  make 
the  steamboat  a  success. 

These  efforts,  with  the  encouragement  and  active  co-operation 
of  his  friend  Chancellor  Livingston,  were  continued  at  different 
times,  both  in  France  and  England,  up  to  the  date  of  Fulton's 
return  to  the  United  States,  which  was  in  1806.  He  then  worked 
steadily  on  his  great  project,  and  shortly  after  was  rewarded  with 
success. 

It  was  in  the  early  part  of  the  year  1807  that  the  Clermont 
— fitted  with  one  of  Boulton  and  Watt's  engines  which  Fulton 
had  ordered  from  England  before  he  left  for  the  United  States — 
was  launched,  from  the  building  yard  of  Charles  Brown,  on  the 
East  Hudson.  At  one  o'clock,  on  the  seventh  day  of  August, 
1807,  the  Clermont  began  her  first  trip  from  Xew  York  to 
Albany. 

In  a  letter  to  Mr.  Barlow,  Fulton  describes  this  memorable  trip. 

He  says: 

"  My  steamboat  voyage  to  Albany  and  back  has  turned  out  rather  more  favor- 
able than  I  had  calculated.     The  distance  from  Xew  York  to  Albany  is  on©  hun- 
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tired  and  fifty  miles  ;  I  ran  it  up  in  thirty-two  hours  and  down  in  thirty.  I  had 
a  light  breeze  against  me  tiie  whole  way,  both  going  and  coming,  and  the  voyage 
lias  b(>en  performed  wiiolly  by  the  power  of  the  steam  engine.  I  overtook  many 
sloops  and  schooners  beating  to  windward,  and  parted  with  them  as  if  they  had 
been  at  anchor.  The  power  of  propelling  boats  by  steam  is  now  fully  proved.  The 
morning  I  left  New  York  there  were  not,  perhaps,  thirty  persons  in  the  city  who 
believed  that  the  boat  would  ever  move  one  mile  an  hour,  or  be  of  the  least  utility  ; 
and  wliile  we  were  putting  off  from  tlie  wharf,  which  was  crowded  with  spec- 
tators, I  lieard  a  number  of  sarcastic  remarks.  This  is  the  way  in  which  ignorant 
men  compliment  what  they  call  philosophers  and  projectors.  Having  employed 
much  time,  money,  and  zeal  in  accomplishing  this  work,  it  gives  me,  as  it  will 
you,  great  pleasure  to  see  it  fully  answer  my  expectations.  It  will  give  a  cheap 
and  quick  conveyance  to  the  merchandise  on  the  Mississippi,  Missouri,  and  other 
great  rivers  which  are  now  laying  open  their  treasures  to  the  enterprise  of  our 
countrymen  ;  and  although  the  prospect  of  personal  emolument  has  been  some 
inducement  to  me,  yet  I  feel  infinitely  more  pleasure  in  reflecting  on  the  immense 
advantage  that  my  country  will  derive  from  the  invention,  ..." 

This  voyage  estoMished  Steam  Namgation^  and  the  Clermont 
henceforth  made  regular  trips  between  New  York  and  Albany. 

The  Clekmont  was  of  160  tons,  w^as  133  feet  long,  18  feet 
beam  and  7  feet  deep.  The  paddle  wheels  were  15  feet  in  diam- 
eter, with  buckets  4  feet  long,  with  a  dip  of  2  feet.  Later  her 
keel  was  lengthened  to  140  feet. 

Once  the  Steamboat  became  a  commercial  fact,  Fulton  was 
too  thorough  an  Engineer  to  consider  his  work  as  accomplished, 
but  immediately  began  to  remedy  all  defects,  which  materially 
increased  the  Clermont's  efficiency.  And,  as  each  new  boat 
was  put  into  service  on  the  Hudson,  she  was  an  improvement 
over  the  one  preceding. 

Chancellor  Livingston  was  still  associated  with  Fulton,  and  in 
1811  they  built  and  put  into  service  the  first  steamboat  on  the 
Mississippi,  which  was  named  Orleans. 

So  well  was  the  work  builded  by  Fulton  that  we  may  say  that 
in  its  basic  principles,  it  still  lives — greatly  developed  it  is  true, 
but  still  not  so  clianged  that  anyone  could  venture  to  declare  that 
Fulton's  share  was  of  little  value. 

As  a  member  of  that  profession  which  Fulton  may  be  said  to 
have  founded — lEarine  Engineering — I  feel  it  a  peculiar  honor 
for  me  to  pay  tribute  to  his  genius.  As  engineers  all  of  us  can 
learn  a  great  lesson  from  Fulton's  labors — that  of  progressive- 
ness — of  not  resting  content  until  the  full  measure  of  efficiency, 
within  the  limits  of  safety  and  economy,  has  been  obtained  from 
each  and  every  one  of  our  works,  which  is  the  true  test  of  their 
worth;  and  the  highest  honor  that  we  can  pay  to  his  memory 
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is  for  us  to  rndcMvor  constantly  to  keep  the  pr(>f('>>i(»n  of  Kn^i- 
nocring  in  the  forefront  of  prop^ress  and  thus  add  lastin*;  benefits 
and  blessing's  to  the  world. 

The  engineer's  labors,  taken  in  connection  with  the  advance 
of  science  and  its  marked  application  (which  are  themselves  often 
equivalent  to  Engineering  in  its  higliest  expression),  form  the 
basis  of  all  material  success  in  both  Peace  and  AVar — of  all  social 
progress.  Perhaps  it  is  this  fact  of  the  Engineer  being  at  the 
basis  of  civilization  that  has  made  it  take  so  long  to  *^  discover  " 
him,  hut  there  can  he  no  douht  of  his  existence  now.  To-day 
there  is  a  word  ringing  around  the  world — it  is  engineer. 
Thousands  of  eyes  are  turned  upon  him,  and  he  is  the  object  of 
the  closest  scrutiny.  Amidst  such  public  notice,  it  is  natural  that 
the  Engineer  should  be  far  more  conscious  of  what  is  required  of 
him  than  he  was  in  the  past;  and  he  is  at  present  regarding  him- 
self most  earnestly.  He  does  not  do  this  merely  to  dwell  with 
complacency  on  his  achievements,  nor  to  exaggerate  its  import- 
ance to  human  welfare  (though  he  may  take  a  proper  pride  in 
this);  but  he  is  subjecting  himself  to  the  most  searching  analysis 
to  get  a  fuller  realization  of  his  duties  and  responsibilities  and 
to  thus  attain  to  the  greatest  possible  height  of  usefulness. 

The  modern  American  engineer  is  wedded  to  the  business 
world,  is  an  industrial  leader,  and  is  a  true  political  economist, 
lie  is  vitally  connected  with  the  efficiency  of  military  organiza- 
tions, holds  a  high  place  in  the  Army  or  Xavy,  and  is  particularly 
fitted  to  understand  and  apply  the  principles  of  AVar. 

Fulton  was  a  member  of  the  original  family  of  American 
Engineers,  and  the  American  engineer  of  the  hour  is  his  direct 
descendant.  Fulton  wai  an  engineer  of  character,  mindful  of  his 
duty  and  responsibility;  an  engineer  who  strove  to  promote  the 
welfare  of  his  country  in  Peace  and  AVar;  an  engineer  who  real- 
ized the  importance  of  the  organization  and  efficiency  of  men 
as  well  as  of  machines;  an  engineer  who  regarded  industrial  rela- 
tions from  the  viewpoint  of  a  practical  business  man;  and  an 
engineer  whose  dominating  purpose  was  to  promote  the  Peace 
and  prosperity  of  the  whole  world  and  to  increase  the  stability 
and  means  for  defence  of  his  own  coimtry;  but  an  engineer  who 
did  not  permit  his  lofty  conceptions  of  universal  brotherhood 
and  happiness  to  obstruct  that  practical  habit  of  thought  and 
course  of  action  which  are  necessary  if  prolonged  hostilities  are 
to  be  avoided,  and  if  material  benefit  is  to  be  bestowed  upon  the 
majority  of  men. 
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Hut  Fulton  was  also  a  distinguished  member  of  the  original 
family  of  American  engineers.  Fulton  was  an  engineer  of  excep- 
tional courage,  foresight,  and  mechanical  and  business  ability, 
wliich  enabled  him  to  achieve  great  success.  As  such,  he  was  a 
(Jreat  Man,  a  Great  American,  and  a  Great  Engineer. 

To  Fulton  belongs  the  honor  not  only  of  having  constructed 
tlie  first  commercially  successful  steamboat  for  purposes  of  com- 
merce, but  of  having  built  the  first  steam  war  vessel  in  the  his- 
tory of  the  world.  She  was  the  Demologos,  afterward  called 
Fulton  the  First.  Her  keel  was  laid  on  June  20,  1814,  in 
this  City;  and  she  was  launched  October  29  in  the  sight  of  thou- 
sands of  spectators.  Difiiculties  in  procuring  labor  and  the  un- 
timely death  of  Fulton  on  February  24,  1815,  caused  serious 
delays  in  the  completion  of  the  Demologos.  On  her  first  trial 
trip  in  June,  1815,  the  soundness  of  Fulton's  views,  and  the 
fact  that  a  heavy  floating  battery  could  be  propelled  by  steam, 
were  established.  Her  two  subsequent  trials  further  demon- 
strated her  success,  her  speed  exceeding  Fulton's  guarantee  to  the 
Government.  Peace  being  declared,  there  was  no  opportunity 
to  test  the  vessel  in  actual  combat,  and  the  Demologos  w^as  sent 
to  the  Brooklyn  ^avy  Yard  for  a  receiving  ship,  remaining  there 
until  June  18,  1829,  on  which  date  she  was  blown  up  either  by 
accident  or  design. 

The  Demologos  was  a  double-ended,  twin-hulled  floating  bat- 
tery of  2,475  tons,  carrying  tw^enty  32-pounder  guns,  protected 
by  4  feet  10  inches  of  solid  timber.  These  guns  were  to  fire  red 
hot  balls.  The  machinery  was  calculated  for  the  addition  of  an 
engine  to  discharge  an  immense  column  of  water,  intended  to  be 
thrown  upon  the  decks  and  all  through  the  ports  of  an  enemy. 
In  addition  to  all  this,  two  100-pounder  columbiads  were  to  be  sus- 
pended from  each  bow%  so  as  to  discharge  a  ball  of  that  size  into 
an  enemy's  ship,  10  or  12  feet  below  the  water  line.  It  is  not 
surprising  that  she  was,  in  her  day,  described  as  being  *'  the  most 
formidahle  engine  of  warfare  that  human  ingenuity  has  con- 
trived,''^ The  Demologos  w^as  driven  by  a  single  central  paddle 
w^heel;  her  speed  was  4  1-2  miles  per  hour;  and  she  was  both 
handy  and  seaworthy. 

The  follo\ving  extract  from  a  Scotch  newspaper  is  an  amusing 
example  of  the  exaggerative  accounts  of  the  Demologos,  which 
were  scattered  broadcast.  ''  Iler  length,"  says  the  writer,  "  on 
deck  is  300  feet;  breadth  200  feet;  thickness  of  sides  13  feet,  of 
alternate  oak  plank  and  cork  wood;  carries  44  guns,  4  of  which 
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arc  lOO-poiinders;  and  further  to  annoy  an  ononiy,  attempting  to 
board,  can  discliari;'c  100  gals,  of  boiling  water  in  a  minute,  and 
by  mechanism  bran(lish(\s  lUK)  cutlasses  with  the  utmost  regu- 
larity over  the  gunwales;  works  also  an  ecjual  nuud)er  of  heavy 
iron  pikes  of  great  length,  darting  them  from  her  sides  with  ])ro- 
digious  force  and  withdrawing  them  every  quarter  (»f  a  minute." 
As  Americans  we  can  all  look  upon  the  first  steam  war  vessel  of 
the  world  with  especial  pride,  and  we  can  note  wdth  gratification 
that  the  vessels  of  our  Navy  to-day  are,  ton  for  ton  and  gun  for 
gun,  equal  to  those  of  any  Navy  afloat.  If  it  w(»re  possible  for 
Fulton  to  have  lived  for  such  a  length  of  time,  he  would  share 
with  us  in  our  pride;  and  we  can  imagine  what  his  thoughts  and 
feelings  would  have  been  at  the  splendid  achievements  of  the 
Oregon. 

There  is  living  in  New  York  to-day,  a  veritable  veteran  of  the 
engineering  profession,  ^vho  as  a  boy  saw  the  Clermont  and 
the  Demologos,  and  who  as  a  young  man  was  the  designer  of 
the  machinery  of  the  Second  AVar  steamer  of  the  United  States, 
which  was  called  Fulton  the  Second.  He  w^as  also  the  first 
engineer  ofticer  to  be  appointed  in  our  Navy,  and,  later,  he  had 
the  honor  to  become  Engineer-in-Chief.  To  bridge  such  a  period 
of  History  and  to  have  played  so  important  a  part  in  it,  is  a  priv- 
ilege which  comes  to  very  few  of  us — but  this  privilege  has  come, 
as  most  of  you  know,  without  the  telling,  to  Mr.  Charles  H. 
Haswell. 

When  reviewing  the  world's  progress  during  the  Nineteenth 
Century,  we  see  that  its  grandest  glory  was  gained  by  the  Steam 
Migine,  which  has  been  styled  its  "  Hero."  The  w^ork  of  the 
stationary  steam  engine  is  epitomized  in  the  phrase  ^'  increased 
production  /  ^^  and  the  work  of  the  locomotive  steam  engine  on 
both  land  and  sea  is  epitomized  in  the  phrase  "  increased  distri- 
hution.^'^ 

AVitli  these  two  phrases,  the  history  of  the  material  progress 
of  the  world  may  be  said  to  be  written. 

The  Steam  Engine  sung,  in  mighty  deeds,  the  '^  Song  O' 
Steam,"  throughout  the  Nineteenth  Century,  and  at  its  close  a 
vigorous  poet  caught  up  the  dominant  note  of  his  age  and,  in  vi\'id 
tones,  set  it  to  swelling  and  echoing  to  every  corner  of  the  earth. 

The  duty  and  destiny  of  America  for  the  greater  part  of  the 
Nineteenth  Century  was,  as  my  hearers  w^ll  know,  that  of  internal 
expansion  and  development.  The  practical  establishment  of 
Steam  Navigation  by  Fulton  and  its  further  improvement  by 
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tli(^  many  Engineers  wlio  followed  liiin — chief  among  whom  in 
tlii^  Conntrv  was  the  great  Uobcn-t  L.  Stevens,  son  of  the  famous 
(\^lonel  John  Stevens — played  a  vital  part  in  this  development. 
In  the  true  destiny  of  the  Country  the  side-wheel  steamer  found 
its  true  destiny;  and  throughout  the  past  Century  nobly  met 
the  needs  of  the  Nation.  On  our  deep  sounds  and  reaching  rivers 
thor(^  ])ly  to-day  numberless  descendants  of  the  Clermont — 
higlily  elVicIent  and  finely  equipped — carrying  swiftly  to  their 
destination  both  passengers  and  the  burdens  of  commerce. 

To-day  the  duty  and  destiny  of  the  Nation  is  for  a  greater 
expansion  and  development;  and  the  hopes,  thoughts  and  interests 
of  the  people  are  turning  toward  far  away  Islands — and  toward 
the  comvierce  of  the  seas.  If  the  American  Inventor  or  En- 
gineer does  his  part  in  the  solution  of  the  problems  of  the  present 
Century  as  well  as  Fulton  did  his  part  in  the  solution  of  the  prob- 
lems of  the  past  Century, — there  need  be  no  fear  for  the  con- 
tinued growth  and  prosperity  of  the  Nation. 

We  see  in  Fulton  all  the  qualities  that  make  for  the  success  of 
America — character,  courage,  perseverance,  energy,  enterprise 
and  skill.  We  see  in  Fulton  the  true  American  spirit — a  high, 
hopeful,  progressive,  liberty-loving  and  practical  spirit. 

Fulton  was  high  minded  and  generous;  and  he  was  true  to  his 
friends  in  their  adversity.  He  was  noted  for  his  amiable  dis- 
position and  genial  hospitality.  It  was  said  of  him  that  he  was 
"  a  gentleman  in  mind  and  manners."  He  was  a  man  of  refined 
tastes,  and,  besides  his  active  efforts  during  the  most  of  his  life- 
time for  the  promotion  of  the  Mechanic  Arts,  it  was  his  endeavor 
to  foster  a  love  for  the  Fine  Arts,  and  failing  in  his  project  to 
establish  an  Art  Gallery  in  America,  he  bequeathed  to  our  Gov- 
ernment at  his  death,  two  of  West's  masterpieces  w^hich  were  his 
most  prized  and  valued  possessions. 

In  closing,  it  is  fitting  to  reiterate  that  as  an  Inventor,  Fulton 
earned  the  highest  crown  that  he  could  earn — success,  and  his 
name  should  be  honored  by  all  inventors.  As  an  Engineer,  Ful- 
ton did  all  that  he  could  do  to  promote  the  welfare  of  the  world, 
and  his  name  should  be  honored  by  all  engineers.  As  an  Amer- 
ican, Fulton  was  a  true  type  and  gained  glory  for  his  country,  and 
his  name  should  be  honored  by  all  Americans. 

As  such,  Robert  Fulton  was  a.  Great  Engineer,  a  Great  Amer- 
ican and  a  Great  Man ;  his  memory  should,  be  respected  the  world 
over,  and  his  name  ever  revered  by  our  people. 
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ADDRESS  OF  COMMODORE   B.   E.  ISIIERWOOD, 
UNITED   SPATES    NAVY. 

On  tlio  present  occasion,  the  character,  the  career,  and  the 
achievements  of  Robert  Fulton,  will  be  eloquently  described,  and 
in  sufficient  detail,  by  others,  who  will  do  ample  justice  to  his 
name  and  fame.  The  extent  and  precision  of  his  mental  view, 
his  sagacity  and  perseverance,  and  the  importance  of  the  crown- 
ing success  of  his  life,  will  be  treated  by  them  with  the  elabora- 
ti.>n  due  to  his  genius.  He  is  one  of  the  few  who  can,  in  all 
respects,  be  held  up  not  only  for  admiration  but  also  for  imitation, 
as  uniting  in  himself  those  qualities  of  heart,  and  those  powers 
of  head,  which,  in  all  ages  and  in  every  clime  have  been  held  to 
constitute  the  ideal  of  manhood. 

But  quite  apart  from  his  individuality,  and  quite  apart  from 
any  estimate  of  the  intellectual  value  of  his  invention,  there  must 
be  considered  the  immense  service  he  rendered  to  mankind  by 
accomplishing  the  commercially  successful  introduction  of  steam 
navigation.  Others,  preceding  him,  may  have  entertained  in 
a  vague  and  impracticable  way  the  idea  of  propelling  vessels  by 
steam  power;  but  there  remained  for  him  alone  the  splendid 
triumph  of  practical  success,  of  clear  definite  foresight,  of  dis- 
tinct knowledge  of  details,  and  of  proper  adaptation  of  means  to 
the  end.  There  is  an  immense  difi'erence  between  dreaming  and 
realizing  dreams,  between  the  incomplete  and  hazy  conception 
of  an  idea,  and*  its  tangible  application  for  the  production  of  a 
clearly  defined  material  purpose,  between  the  grasp  and  power 
of  real  genius  aided  by  practical  knowledge,  and  the  weak,  cloudy 
aspirations  of  uninformed  imagination.  To  the  world  at  large, 
the  importance  of  the  one  is  immense,  and  the  value  of  the  other 
is  nothing.  Such  is  the  difference  between  the  state  of  the 
subject  of  steam  navigation  as  it  came  to  Fulton  and  as  it  left 
his  hands. 

In  conformity  with  a  universal  law  of  natural  development, 
the  invention  of  the  steamboat  could  not  have  been  made  much 
earlier  than  it  was.  Obviously,  the  steam  engine  had  to  be  pre- 
viously not  only  invented,  but  it  had  to  undergo  successive  modi- 
fications of  form  and  details  before  it  could  be  used  as  a  motor 
in  navigation.  Further,  the  tools  and  processes  for  the  manu- 
facture of  the  steain  engine  had  to  be  invented  as  their  necessity 
became  apparent  by  experience  during  the  successive  improve- 
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mcnts  of  the  latter.  If,  during  the  earlier  period  referred  to, 
complete  working  drawings  could  have  beeii  made  for  a  modern 
steamer — hull  and  inachinery — the  execution  of  the  work  would 
have  been  impossible:  the  low  state  of  the  contemporary  indus- 
trial arts  would  have  precluded  even  an  attempt.  Newcomen, 
Watt,  and  their  immediate  successors  in  steam  engineering  had 
necessarily  to  precede  Fulton.  The  success  of  the  latter  was 
only  possible  after  the  success  of  the  former.  A  Boulton  and 
Watt  steam  engine  manufactured  in  England  caused  the  success 
of  the  Clermont  in  America.  Mechanical  science  and  art  in 
their  various  departments  have  always  had  to  advance,  and  will 
ahvays  have  to  advance  abreast,  simultaneously  as  it  were,  and  no 
great  development  can  be  effected  in  any  one  particular  depart- 
ment without  an  equal  development,  pari  passu^  in  all  the  others ; 
and  this  statement  remains  as  incontrovertible  at  the  present  time 
as  during  the  long  history  of  the  progress  of  the  human  race. 
In  the  case  of  the  steamboat,  there  were  peculiar  difficulties  to 
be  overcome.  The  boat  had  to  carry  the  machinery  and  fuel 
necessary  to  propel  it,  which,  in  connection  with  the  weight  of 
the  hull,  left  so  little  of  space  and  displacement  commercially 
available,  that  only  the  prescience  of  real  genius  could  foresee 
a  possible  success.  The  difficulties  in  question  remain  to  the 
present  hour,  and  if  they  have  been  overcome  to  a  degree  never 
hoped  for  by  Fulton  in  his  wildest  dreams,  the  success  is  due  to 
the  steady  advance  of  the  industrial  arts  and  processes,  which 
have  given  to  the  ^aval  Architect  and  to  the  Mechanical  Engineer 
tools  and  material  whose  invention  required  in  their  turn  genius 
and  knowledge  as  great  as  that  which  in  the  primitive  age  of 
steam  engineering  produced  the  steamboat  of  Fulton.  Fulton's 
problem  Avas  entirely  different  from  the  use  of  steam  as  a  motor 
on  land,  and  his  great  merit  was  that  he  understood  this  difference 
and  successfully  coped  with  its  difficulties. 

These  observations  do  not  in  the  least  detract  from  Fulton's 
deservedly  high  reputation.  The  greatest  inventions  are  but  the 
crests  of  mighty  waves  of  slowly  accumulating  knowdedge,  and 
depend  for  final  success  on  the  conjoint  influence  of  a  vast 
variety  of  causes  impossible  for  any  intelligence  to  anticipate. 
The  invention  must  not  only  be  right  in  itself,  but  it  must  appear 
at  the  right  time  and  under  the  right  circumstances. 

In  these  respects,  Fulton  was  singularly  fortunate.  The  talents 
of  ^NTewcomen,  Smeaton,  Watt,  and  their  immediate  successors, 
had  produced  the  necessary  motor — the  steam  engine — in  Eng- 
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land,  and  ^atnro,  in  America,  liad  prodncod  tlio  noblo  rivors 
and  bays  whoso  broad  snrfacos  of  pbicid  wator  fnrnisliod  the 
proper  locale  for  the  steamboat  in  its  primitive  state  of  rnde 
construction. 

At  this  period  the  steamboat  conld  not  have  been  introduced 
A\dth  commercial  success  in  any  other  country  than  America. 
For  ocean  navigation  it  was  at  that  time  entirely  unfit,  and  had 
not  America  presented  the  proper  conditions  for  its  appearance 
in  its  state,  at  that  time  its  advent  would  have  been  postponed  to  a 
much  later  period.  But,  evidently,  sooner  or  later,  had  Fulton 
never  existed,  the  steamboat  would  have  been  produced.  That  a 
steam  engine  would  not  have  been  placed  in  the  hull  of  a  vessel  for 
its  propulsion,  is  unthinkable  when  the  universal  application  of 
steam  engines  for  the  doing  of  all  kinds  of  work  under  all  kinds 
of  conditions  is  considered.  If  the  circumstances,  do  not  make  the 
man,  they,  at  least,  permit  him  to  appear;  and  that  he  prove 
himself  equal  to  a  great  occasion  is  a  great  distinction  in  itself. 
Without  Fulton,  the  steamboat  would  finally  have  been  invented, 
but,  as  the  first  in  the  field,  his  name  is  justly  and  imperishably 
associated  with  it.  His  talents  added  wings  to  the  car  of  time 
and  expedited  the  slow  developments  of  nature;  he  forced  the 
appearance  at  an  earlier  period,  and  greatly  to  the  benefit  of 
mankind,  of  what  w^ould  certainly  have  appeared  much  later  by 
the  more  sluggish  operations  of  feebler  causes. 

The  steamboat,  therefore,  is  peculiarly  American,  and  be  the 
modifications  ^vhat  they  may  which  the  advance  of  the  industrial 
arts,  and  the  change  in  commercial  conditions,  have  made  in  it, 
the  steamboat  of  Fulton  remains  forever  the  type,  and  his  name 
will  be  associated  with  it  as  long  as  vessels  are  propelled  by  steam. 

From  the  primitive,  small,  and  rudely  built  wooden  steamboat 
of  Fulton,  capable  of  slowly  navigating  only  smooth  water  for 
short  distances,  to  the  huge  and  elaborately  constructed  steel 
transoceanic  steamers  navigating  the  stormiest  seas  at  compara- 
tively enormous  speed,  carrying  the  people  and  the  products  of 
one  continent  to  another,  increasing  the  wealth  and  happiness  of 
all,  and  spreading  civilization,  art,  science,  and  intelligence 
throughout  the  world,  with  hope  at  the  helm  and  at  the  prow,  the 
holy  group  of  peace,  good  wdll,  and  mercy,  the  gap  seems  great 
indeed:  but  it  has  been  filled  by  successive  generations  of  Naval 
Architects  and  Engineers,  elaborating  and  perfecting  the  ideas 
of  Fulton.  Where  Nature  seemed  to  intend  eternal  separation 
by  the  interpositions  of  oceans,  xArt  has  made  union  practicable,  so 
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tlmt  tlio  blending"  into  ono  harmonious  mass,  of  different  and  dis- 
eordaiil  races  by  nu^ms  of  the  easy,  cheap  and  rapid  transporta- 
tion furnished  by  the  steamship,  seems  no  longer  to  be  an  iri- 
descent dream  bnt  a  possible  reality.  If  the  greatness  of  an 
invention  be  measured  by  the  benefits  it  confers  upon  the  world, 
the  steamboat  of  Fulton  must  be  placed  in  the  first  class  of  the 
catalogue. 

We  have  met  to  erect  a  memorial  to  Fulton,  and  to  show  our 
appreciation  of  the  man,  his  genius,  and  his  services.  The  event 
honors  us,  he  does  not  need  our  effort.  Wherever  a  steamer 
floats,  there  is  a  momunent  to  Robert  Fulton. 


EULOGY  Olsl   ROBERT  lULTOlN",   ARTIST,   EITGINEER, 

iNVE^'TOR  a:nd  patriot. 

By  Robert  H.  Thurston. 

"Let  us  pass  in  review  the  great  founders  of  modern  science  and  then  creators 
of  industry,  the  Keplers  and  the  Fultons,  and  we  shall  be  struck  by  the  idealistic 
and  even  Utopian  tendency  peculiar  to  them.  They  are  in  their  way  dreamers, 
artists,  poets,  controlled  by  experience." 

Quotation  by  General  Walker  from  the  French. 

Members  of  the  A.  S.  M.  E.  and  Friends :  The  genius  of  Robert 
Fulton,  in  its  highest  and  most  impressive  aspect  has  seldom 
been  fully  recognized  and  appreciated,  even  by  those  w^ho  have 
most  admired  the  man;  themoral  and  the  spiritual  side  of  his  char- 
acter has  never  received  adequate  recognition  and  exposition  by 
any  one  of  his  most  enthusiastic  memorialists.  His  versatile  and 
a,ctive  mind  and  his  skilful  hands  w^ere  always  engaged  in  some 
useful  and  worthy  task;  but  it  is  not  his  admirable  portraiture, 
nor  his  inventions  nor  even  his  most  famous  deeds  that  constitute 
his  highest  claim  to  our  admiration  and  to  eulogy.  He  was  an 
artist  but  his  ])aintings  were  eclipsed  by  those  of  his  friend  and 
helper  Benjamin  West;  his  fame  was  overshadowed  by  that  of 
the  greater  artistic  genius.  He  was  an  inventor;  but  his  inven- 
tions have  been  almost  forgotten  and  his  fame,  in  the  popular 
mind,  at  least,  is  based  upon  his  work  in  the  utilization  of  the 
inventions  of  others  or  previously  anticipated  devices.  He  led 
the  way  to  inconceivable  gains  to  his  countr)^  and  to  the  world; 
yet  his  highest  aspirations  for  his  country  and  the  world  have 
never  been  realized,  and  his  ambition,  where  most  earnest  and 
tense,  has  never  seen  fruition.     Generally  supposed  to  have  been 
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a  p^reat  inventor,  his  inventions  have  snnk  into  oblivion;  popu- 
larly considered  only  an  inv(Mitor,  his  talent  as  artist  is  forgotten, 
while  the  devices  upon  which  his  fame  as  inventor  has  actually 
arisen  were-  neither  original  nor  novel.  A  talented  artist,  he  is 
unknown  as  such;  a  skilful  engineer,  his  engineering  work, 
mainly  on  canals  and  bridges,  is  forgotten;  a  prolific  inventor,  we 
hear  little  of  lii^  most  important  imcntions  and  much  of  liis 
assumed,  but  erroneously  assumed,  original  work.  A  patriot  and 
inspired  with  the  highest  and  noblest  patriotism,  his  aspiration 
to  compel,  by  his  inventions,  a  cessation  of,  at  least,  naval  wars 
and  '^  to  assure  to  all  men  of  all  nations  the  freedom  of  the  seas  " 
has  never  been  understood,  or  perhaps  even  heard  of,  by  the  mass 
of  his  fellow-citizens  or  by  later  generations.  Fulton's  fame  is 
not  only  deserved;  it  is  worthy  of  vastly  broader  and  higher 
recognition  than  it  has  ever  gained  or  is  ever  likely  to  receive; 
but  it  has  a  basis,  rightfully,  in  quite  other  and  higher  considera- 
tions than  those  popularly  assumed. 

It  is  to  this  inventor  whose  inventions  are  imknown,  this  artist 
w^hose  paintings  are  never  recognized,  this  engineer  whose 
achievements  in  his  profession,  whose  public  works,  have  passed 
into  oblivion,  this  patriot  Avhose  labors  and  aspirations  for  the 
highest  interests  of  the  country  and  for  the  unity  of  the  nations 
are  known  to  few  and  comprehended  by  fewer  of  his  countrymen, 
that  we  are  here  now  to  render  tribute. 

Robert  Fulton  inaugurated  the  application  of  steam  power  to 
the  purposes  of  marine  transportation,  established  permanently 
steam  navigation  in  all  waters,  "  reduced  to  practice  "  a  system 
of  applied  energetics  to  which  inventors  of  all  ages  and  of  all 
lands  contributed;  leaving  to  this  great  American  engineer  the 
privilege  of  combining  all  existing  knowledge  and  earlier  inven- 
tion into  one  practicable  and  successful  construction. 

Hero  of  Alexandria  led  the  way  with  a  steam-turbine  and  a 
steam-fountain;  the  Marquis  of  Worcester  applied  to  useful  pur- 
poses the  toy  of  the  Greek;  Captain  Savery  perfected  the  steam- 
fountain  of  that  noble  inventor;  N'ewcomen  and  Galley  displaced 
the  steam-fountain  by  the  modern  train  of  mechanism  which  is 
properly  called  an  engine;  Watt  improved  the  steam-engine,  crude 
and  wasteful,  in  its  first  form,  by  adding  the  essential  features 
of  the  steam-engine  of  the  nineteenth  century,  gi^^ng  it  its  con- 
denser, its  regulator,  its  expansion-gear  and  its  double-acting 
form;  making  it  capable  of  turning  a  shaft,  of  driving  a  mill,  of 
impelling  the  railway  train  or  a  steamboat. 
97 
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Lonp:  before  Fulton  and  long  before  Watt  the  steamboat 
had  been  conceived  by  the  earlier  inventors  or  dreamers.  The 
ancients  had  n.sed  the  paddle-wheel;  Homer  had  dreamed  of  the 
marvellous  ship  '^  self-moved,  instinct  with  mind.'' 

"  We  use  nor  Helm  nor  Helmsman.    Our  tall  ships 
Have  Souls,  and  plow  with  Reason  up  the  deeps.; 
All  cities,  countries  know,  and  where  they  list, 
Through  billows  glide,  veiled  in  obscuring  Mist; 
Nor  fear  they  Rocks,  nor  Dangers  on  the  way." 

(Ogilby's   Odyssey.) 

Roger  Bacon  had  predicted  the  use  of  steam  in  navigation  500 
years  before  Fulton :  "  Instruments  may  be  made  by  which  the 
largest  ships,  with  only  one  man  guiding  them,  will  be  carried  with 
greater  velocity  than  if  they  were  full  of  sailors."  Jonathan 
Hulls  patented  his  steamboat  in  1637  and  is  said  to  have  reduced 
the  invention  to  practice.  Papin,  famous  man  of  science,  built 
his  awkward  steamboat  in  1707;  Fulton  made  his  successful  trip 
from  ]^ew  York  to  Albany  in  1807,  after  Eumsey  and  Fitch  and 
Stevens  and  others  had  made  working  and  mechanically  success- 
ful steamboats. 

But  while  Fulton  did  not  invent  the  steamboat  nor  any  one 
detail  of  the  construction  of  hull  or  machinery  of  his  Clermont 
he  did  what  no  man  had  previously  accomplished :  he  inaugurated, 
with  the  inventions  of  other  great  mechanics,  the  modern  system 
of  steam  navigation.  He  established  commercially  and  perma- 
nently successful  steam  transportation  lines  on  the  Hudson  River 
and  on  Long  Island  Sound;  he  introduced  the  steam  ferry-boat 
and  established  Fulton  Ferry  and  other  steam  ferries  about  'New 
York;  he  organized  the  steamboat  lines  on  the  Connecticut  and 
on  Long  Island  Sound  and  led  the  way  in  confirmation  of  the 
prediction,  made,  in  1798,  by  "  poor  John  Fitch,"  who,  finding 
a  tomb  on  the  banks  of  the  Ohio,  desired  that  he  might  lie  "  where 
the  song  of  the  boatman  would  enliven  the  stillness  of  his  resting- 
place  and  the  music  of  the  steam-engine  soothe  his  spirit." 

Fulton  first  applied  steam  propulsion  to  a  naval  vessel  of,  for 
the  time,  great  magnitude,  and  powerful  for  both  offence  and 
defence,  and  built,  as  his  last  offering  to  his  country,  the  "  Fulton 
the  First."  He  led  the  way  toward  the  construction  of  the 
modern  merchant  and  naval  fleets  of  the  world  and  made  com- 
merce between  nations  and  rapid,  communication  between  the 
ends  of  the  earth  independently  of  the  winds  a  realized  dream. 
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llis  greatest  aspiration,  the  absolute  freedom  of  the  seas  to  all 
nations  and  to  all  men,  has  been  nearly  accomplished,  thoufj:h  not 
hv  Fulton's  plan  of  driving  all  warring  fleets  from  the  ocean  by 
peril  of  submarine  foes,  but  rather  by  the  gradual  recognition  of 
the  rights  of  neutrals  and  non-combatants;  while  the  perfection  of 
his  idea  of  a  submarine  craft,  such  as  he  actually  and  successfully 
built  and  operated  a  century  ago,  was  left  to  the  Hollands  of 
our  own  time;  who  are  rendering  concrete  the  fancy  of  Jules 
Yerne  and  the  dream  of  Captain  Xemo. 

A  rapid  outline  of  the  life  and  work  of  this  still  unappreciated 
artist,  inventor,  engineer  and  patriot  may  fitly  preface  our  feeble 
eulogy  of  the  still  greater  man: 

Robert  Fulton  was  a  Pennsylvanian,  born  on  the  banks  of  the 
Concstoga,  in  1705,  and,  later,  a  friend  of  Benjamin  West,  the 
artist,  of  AVilliam  Henry,  the  would-be  inventor  of  steamboats, 
of  Thomas  Paine,  the  man  of  '^  Common  Sense,''  and  the  revolu- 
tionary patriot,  and  of  Joel  Barlow  and  Chancellor  Livingston, 
great  American  statesman.  West  encouraged  the  boy  to  cultivate 
his  talent  as  artist  and  draughtsman;  Henry  interested  him  in 
the  construction  of  steamboats;  Paine  inculcated  a  noble  patriot- 
ism and  Barlow  and  LiWngston  aided  the  young  inventor  in  the 
perfection  of  his  designs  and  the  utilization  of  legislative  action 
in  their  introduction.  At  the  close  of  the  eighteenth  and  the 
beginning  of  the  nineteenth  centuries,  Fulton  was  in  England 
and  France  seeking  the  patronage  of  the  governments  of  Great 
Britain  and  France  for  his  inventions  of  various  improvements  in 
the  apparatus  of  canals,  in  submarine  naWgation  and  in  the  con- 
struction of  steamboats.  He  published  a  work  on  canals,  in  which 
he  described  his  improvements,  in  both  England  and  France. 
Copies  may  still  be  occasionally  found  by  the  antiquarian, 
both  in  English  and  in  French.  While  in  France,  he  built  a 
steamboat,  in  1S03,  and  finding  the  results  of  his  first  experiment 
promising,  arranged  for  a  repetition  on  a  much  larger  scale  when 
he  should  later  return  to  the  United  States.  He  ultimately,  suc- 
ceeding more  than  satisfactorily,  gave  his  life  to  the  work  of 
promoting  steam  navigation. 

Fulton  lost  no  opportunities  to  study  the  work  of  others,  ap- 
parently. It  is  asserted  by  almost  every  mechanic  experiment- 
ing at  about  this  time  in  the  same  field  of  invention  and  con- 
struction, or  by  their  friends,  that  Fulton  visited  and  inspected 
the  work  of  these  inventors,  and  it  is  not  infrequently  claimed 
that  he  made  use  of  their  ideas  and  even,  as  one  inventor  of  less 
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SUCCESS   phrased    it,    "  stole   tlie   invention.''      It   can   hardly   be 
doubted    that    Fulton    was    intensely   interested   in    the    subject 
from  boyhood  or  that  he  had  unusual  opportunities  to  become 
familiar  with  the  contemporary  work  of  the  naval  constructor 
and  engineer.      Tie   was  eighteen  or  nineteen  years   old   when 
his  friend  and  patron,   William  Miller,   of  Lancaster,   Pennsyl- 
vania, was  experimenting  with  a  model  steamboat  on  the  Cones- 
toga  Kivcr  and  could  hardly  have  failed  to  have  been  interested, 
and    intelligently    interested,    in    those    experiments.      He    was 
between  twenty  and  twenty-five  when  the  work  of  John  Fitch, 
who  traversed  thousands  of  miles  and  carried  thousands  of  pas- 
sengers on  the  Delaware  between  1785  and  1702  or  later.     He 
was  over  thirty  when  Fitch  placed  his  screw-propelled  steamboat 
on  Collect  Pond  in  IS'^ew  York.     James  Rumsey  exhibited  his 
steamboat,  Avith  its  hydraulic  propeller,  to  Washington,   1786, 
and  worked  as  earnestly  as  did  Fitch,  all  through  the  last  quarter 
of  the  eighteenth  century,  to  introduce  his  particular  form  of 
steamboat,  dying,  finally,  in  London  in  1793  w^hile  on  this  mis- 
sion abroad.     D'Auxiron,  Jouffroy  and  others  in  France  were 
engaged  during  this  same  period  and  earlier,  in  similar  experi- 
ments in  France;  and  Miller,  Taylor  and  Symington  were  con- 
temporaneously developing  the  steamboat  in  Great  Britain.     All 
this  work  was  not  simply  publicly  known  but  was  widely  adver- 
tised, with  extravagant  claims,  often,  of  successful  performance, 
and  the  whole  civilized  world  was  awake  to  the  importance  of 
the   development   of   steam  navigation.      Morey's   friends   claim 
that  Fulton  saw  his  experiments  at  Oxford  and  the  friends  of  the 
British  mechanics  assert  that  he  utilized  their  ideas  after  a  visit 
to  study  their  experimental  craft.     All  this  may  be  entirely  true 
and  is  not  at  all  improbable;  but  it  derogates  nothing  from  the 
credit  due  the  great  pioneer  in  the  reduction  of  the  invention 
and  its  accessory  devices  to  a  permanent  and  universal  practice. 
Fulton  was  in  no  degree  dependent  upon  any  other  engineer  or 
constructor  for  his  success.    He  simply  took  a  Boulton  and  AVatt 
engine  to  America  and  set  it  up  in  a  ^ew  York  builder's  hull 
and  went  his  way,  astonishing  the  world  and  setting  a  fashion 
that  has  never  since  gone  out.     His  triumph  was  that  of  science 
and  professional  learning  over  amateurs  and  untaught  mechanics. 
Fulton  was  not  simply  a  mechanic;  he  was  a  scientific  man;  not 
merely  an  inventor,  but  a  man  of  science  perfecting  inventions 
by  scientific  methods,  systematically  investigating  and  basing  his 
work  upon   research   and   logical   deduction.      He   first   experi- 
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niontod,  then  roduood  liis  observations  to  form  nnd  ?oqnonro, 
then  dedueed  from  his  researehes  the  laws  eontrolliiiir  the  sub- 
ject and  finally  ])rodneed  his  idea,  erystallized  in  metal,  of  exaet 
form  and  proportion  and  capable  of  doing  the  work  proposed  in 
precisely  the  be.st  practicable  manner. 

He  first  made  an  experimental  investigation  of  the  laws  of 
fluid-resistance  and  ship-propulsion,  conducting  his  researches 
precisely  as,  to-day,  with  our  improved  method  and  apparatus, 
our  naval  constructors  and  engineers  detennine  the  resistances 
and  the  engine-power  required  in  similar  cases  in  modern  con- 
struction, lie  next  reduced  the  resultant  data  to  tabular  form, 
studied  the  relations  of  magnitudes  of  forces  and  of  speeds  for 
floating  bodies  of  different  sizes  and  proportions,  discovered  the 
laws  of  fluid-resistance  in  this  manner,  and  finally  applied  them 
in  the  computation  of  the  necessary  horse  power  of  an  engine 
intended  to  drive  a  steamboat  at  a  stated  speed.  He  compiled 
the  work  of  others,  where  ]n'acticable,  and,  among  his  papers, 
found  at  his  death  carefully  filed,  were  drawings  of  his  apparatus 
for  experiment  and  a  **  Table  of  the  Eesistance  of  Bodies  moved 
through  Water;  taken  from  Experiments  made  in  England  by 
a  Society  for  Improving  ISTaval  Architecture,  between  the  Years 
1703  and  1798.''  The  original  of  this  drawing  was  filed  in  the 
^'  Office  of  the  Clerk  of  the  Xew^  York  District,  making  a  part 
of  a  Demonstration  of  the  Patent  granted  to  Robert  Eulton, 
Esqre.,  on  the  11th  Day  of  February,  1809.'' 

Fulton  was  thus  able  to  do  what  no  pre\dous  constructor,  so 
far  as  we  know,  had  done — to  compute  wdth  considerable  ac- 
curacy the  size,  power  and  weight  of  his  propelling  engine  and 
accessories.  He  w^as  thus  prepared  to  follow  the  method  of  the 
scientific  professional,  as  distinguished  from  that  of  the  unin- 
formed inventor,  and  he  was  among  the  first  of  those  profes- 
sional engineers  who  pioneered  the  way  to  the  displacement  of 
amateur  ''  invention  "  by  scientific  design  and  led  to  the  produc- 
tion of  mechanism  precisely  adapted  to  a  very  exactly  defined 
purpose,  not  by  a  process  of  guessw^ork,  but  by  first  a  deliberate 
and  logical  process  of  definition  of  the  problem  and,  then,  of 
its  solution;  much  as  the  modern  strategist,  in  war,  proceeds  to 
the  reduction  of  a  known  defensive  position.  In  mechanics,  as 
in  war,  there  is  always  a  correct,  a  scientific  and  a  certain  method 
of  attaining  a  result,  once  the  elements  of  the  problem  are  pre- 
cisely stated  qualitatively  and  quantitatively.  Fulton's  first  at- 
tempts were  thus  successful  and  his  first  steamboats  performed 
precisely  as  he  intended  that  they  should. 
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He  was  neither  engine- designer  nor  Imll-constructor;  he  was 
a  naval  architect,  adapting  a  well-known  motor  to  a  long  recog- 
nized purpose  and  he  succeeded  through  the  fact  that  he  first 
made  himself  familiar  with  scientific  principles  and  with  the 
contemporary  practice  in  both  engine-building  and  ship-propul- 
sion and  was  thus  enabled  to  effect  a  combination  of  motor  and 
vessel  in  a  satisfactory  manner,  at  the  very  start. 

In  the  latter  part  of  the  eighteejith  century,  Fulton  w^as  in 
England  and  in  France  engaged  in  the  endeavor  to  promote  his 
inventions  and  devices,  as  he  said,  ^'  for  insuring  the  freedom  of 
the  seas  to  all  men."  He  constructed  submarine  torpedo-boats 
and  made  them  vastly  more  safe  in  use  and  more  manageable, 
and  more  dangerous  to  an  enemy,  than  any  since  constructed 
until  our  own  day.  He  operated  them  in  the  French  harbors 
imtil  the  anxiety  of  all  other  nations  was  aroused  lest  the  new 
weapon  should  be  employed  against  them.  This  submarine  navi- 
gation and  its  apparatus  involved  more  real  invention  than  any 
work  which  Fulton  accomplished  with  the  steamboat  and  entitles 
him  to  more  credit,  perhaps,  as  an  inventor,  than  any  other 
achievement  of  his  life;  but  the  practical  outcome  of  his  steam- 
boat construction  has  caused  the  almost  complete  eclipse  of  what 
would  probably  otherwise  have  proved  to  be  the  source  of  his 
fame.  Of  his  work  on  the  canals  and  his  various  inventions 
in  connection  therewith,  we  hear  practically  nothing,  notwith- 
standing his  careful  descriptions  and  the  publication  of  his  books 
on  the  subject.  The  permanent  introduction  of  the  steamboat 
proved  to  be  a  feat  wdiich,  in  glory,  outshone  all. 

Fulton's  first  steamboat  was  built  on  the  Seine,  with  the  aid 
of  Chancellor  Livingston  and  Joel  Barlow,  then  at  the  court  of 
France  in  official  capacities.  It  was  launched  in  the  spring  of 
1803.  Although  Fulton's  computation  of  the  size  and  power  of 
the  steam-engine  and  boiler  employed  w^ere  correct,  it  proved  that 
the  builders  were  less  fortunate  in  their  design  of  the  hull.  The 
craft  went  to  the  bottom  before  it  could  be  given  a  trial.  But  it 
was  promptly  raised  and  strengthened,  and,  in  August,  1803,  a 
committee  of  the  French  National  Academy,  including  the 
famous  elder  Carnot,  took  part  in  the  trial  of  the  first  really  suc- 
cessful experiment  ever  made  in  this  direction  in  that  country. 
The  boat  made  four  and  a  half  miles  an  hour.  The  steam-boiler 
used  in  this  craft  was  devised  by  Barlow  and  was  a  water-tube 
boiler  of  a  very  practical  type.  It  is  still  preserved  in  the  Con- 
servatoire des  Arts  et  Metiers  in  Paris.    Barlow  had  patented  it 
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ill  1793  as  a  steamboat  boiler,  as  he  expressly  states,  and  his 
object  ill  the  adoption  of  this  type  was,  as  he  further  says,  ''  the 
concentration  of  the  largest  amount  of  heating  surface  possible 
within  a  limited  volume  and  weight '' — primarily  important  de- 
siderata in  steam  navigation. 

The  results  of  this  experiment  were  of  world-wide  importance. 
The  French  government  declined  to  aid  the  inventors  and  pro- 
moters of  the  sclicme  notwithstanding  the  favorable  reports  of 
scientific  men  and  other  witnesses  of  the  trial-trip  and  Fulton 
and  Livingston  turned  their  faces  toward  America. 

Livingston  secured  the  extension  of  a  grant,  previously  allowed 
by  the  State  of  Xew  York,  of  a  monopoly  of  the  navigation  of 
the  Hudson  Kiver  to  any  successful  constructor  of  a  steamboat 
in  those  waters,  and  Fulton  ordered,  in  1804,  from  the  firm  of 
Boulton  &  Watt,  a  Watt-engine  of  twenty-four  inches  diameter 
of  steam  cylinder  and  four  feet  stroke  of  piston — a  rather  large 
machine  for  the  time.  His  first  boat  had  been  of  moderate  size, 
of  good  proportions  and  shape — QG  feet  long,  8  feet  beam  and 
of  light  draught — and  thus  obtained  a  new  point  of  departure  in 
his  computations  of  size  and  power  of  motor  and  corroborated 
his  previously  asserted  opinion  that  paddle-wheels  were  the  best 
form  of  propelling  instrument  known  at  a  time  when  Rumsey 
was  trying  hydraulic  propulsion,  Fitch  and  the  French  inventors 
were  proposing  or  using  ''  chaplets  ''  of  paddles  and  the  screw. 

Livingston's  grant  and  Fulton's  steamboat  together  made 
steam  navigation  possible  and  even  a  certainty,  and  a  practical 
and  financial  success  for  all  time. 

Fulton  went  to  England,  1804-6,  and  saw  his  engine  well  along 
toward  completion  under  the  eye  of  Watt,  sent  over  his  specifica- 
tions to  Charles  Brown,  the  East  Eiver  shipbuilder  of  the  day, 
and  then,  in  October,  1806,  sailed  for  home,  arriving  in  Xew 
York,  December  13,  and  there  commenced  the  supervision  of 
his  new  work. 

'The  hull  was  now  that  of  a  comparatively  large  craft — 133 
feet  long,  18  feet  beam  and  9  feet  depth — of  good  proportions 
for  the  intended  speed,  seven  beams  in  length  and  a  depth  one 
half  the  beam;  aivins:  2,'ood  e^idence  of  the  familiaritv  of  Fulton 
with  the  science  of  naval  architecture  of  the  time  and  illustrating 
again  our  proposition  that  his  work  was  that  of  the  skilled  en- 
gineer and  naval  constructor,  of  the  man  of  science  and  the 
professional  engineer,  rather  than  that  of  the  empiric. 

The  trial  trip  was  made  in  August  and  was  simply  the  first  of 
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a  never  iiitcrniptod  series  and  the  beginning  of  a  traffic  whicli 
has  ever  since  gro\vn  and  has,  each  year,  more  and  more  advan- 
taged tlie  nation.  The  Clermont,  named  after  the  Livingston 
manor,  was  the  progenitor  of  all  modern  steam  fleets.* 

The  voyage  of  the  Clermont  to  Albany  was  attended  by 
some  Indicrous  incidents,  which  found  their  counterparts  wher- 
ever, subsequently,  steamers  were  for  the  first  time  introduced. 
Mr.  Colden,  the  biographer  of  Fulton,  says  that  she  was  de- 
scribed, by  persons  who  had  seen  her  passing  by  night,  ^'  as  a 
monster  moving  on  the  waters,  defying  wdnd  and  tide,  and 
breathing  flames  and  smoke." 

This  first  steamboat  used  dry  pine  wood  for  fuel,  and  the 
flames  rose  to  a  considerable  distance  above  the  smoke-pipe. 
When  the  fires  were  disturbed,  mingled  smoke  and  sparks  would 
rise  high  in  the  air.  ^'  This  uncommon  light,"  says  Colden, 
"  first  attracted  the  attention  of  the  crews  of  other  vessels.  J^ot- 
withstanding  the  wdnd  and  tide  were  averse  to  its  approach,  they 
saw  with  astonishment  that  it  was  rapidly  coming  toward  them; 
and  when  it  came  so  near  that  the  noise  of  the  machinery  and 
paddles  was  heard,  the  crews  (if  what  was  said  in  the  newspapers 
of  the  time  be  true),  in  some  instances,  shrank  beneath  their 
decks  from  the  terrific  sight,  and  left  their  vessels  to  go  on 
shore;  while  others  prostrated  themselves,  and  besought  Provi- 
dence to  protect  them  from  the  approach  of  the  horrible  monster 
which  w^as  marching  on  the  tides,  and  lighting  its  path  by  the 
fires  W'hich  it  vomited." 

*  John  Stevens  was  Fulton's  greatest  contemporary  and  rival  in  the  endeavor 
to  place  steam  navigation  upon  a  satisfactory  and  permanent  commercial  basis. 
John  Stevens,  also  a  statesman,  an  inventor  and  a  famous  engineer,  unquestion- 
ably outranking  Fulton  in  some  respects,  and,  later  in  his  own  person  and  in  the 
persons  of  his  immediate  relatives,  successful  in  the  construction  and  operation 
of  more  original  forms  and  details  of  motive  machinery,  very  nearly  gained  the 
prize.  This  great  engineer  and  pioneer  in  both  marine  and  land  transportation 
by  steam-power,  had  built  screw-boats  in  1804-5  and  the  Phoenix,  a  paddle 
steamer,  was  completed  just  too  late  to  even  compete  with  Fulton  and  was  sent 
around  into  the  Delaware;  the  monopoly  secured  by  Fulton  and  Livingston  on 
the  Hudson  ruling  all  other  steam-propelled  craft  off  of  that  great  estuary. 
Years  afterward,  when  that  monopoly  was  declared  by  the  courts  illegal,  on  the 
ground  that  the  General  Government  only  could  control  tide-waters,  the  Stevens, 
father  and  sons  and  nephew,  and  their  successors,  proved  themselves  entitled  to 
a  place  in  our  modern  Hall  of  Fame  beside  Fitch  and  Fulton,  and  carried  on  the 
development  of  the  American  river  steamboat  to  a  piont  of  great  perfection. 
But  now  Fulton  had  secured  his  opportunity;  and  well  did  he  and  his  coadjutors 
profit  by  it. 
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In  the  Clermont,  Fulton  used  scvoral  of  the  now  charac- 
teristic features  of  the  American  river  steainh<nit,  and  subse- 
quently introduced  others,  llis  most  imiioitaut  and  creditable 
work,  aside  from  ihat  of  \\\v  iiit  i-o(liicti(>ii  of  llic  -tcandxiiil  into 
every-day  use,  was  the  experimental  determination  of  the  nui^- 
nitude  and  the  laws  of  ship-resistance,  and  the  systematic  ])ro- 
portioning  of  vessel  and  machinery  to  the  work  to  be  done  by 
them.''^' 

The  success  of  the  Clermont  on  the  trial-trip  was  such  that 
Fulton  soon  after  advertised  the  vessel  as  a  regidar  passenger- 
boat  between  Xew  York  and  Albany. f 

During  the  next  winter  the  Clermont  was  repaired  and  en- 
larged, and  in  the  summer  of  1808  was  again  on  the  r(nite  to 
Albany;  and,  meantime,  two  new  steamboats — the  Raritan  and 
the  Car  of  Neptune — had  been  built  by  Fulton.  In  the  year 
1811  he  built  the  Paragon. 

The  construction  of  a  line  of  steamers  for  the  Hudson  River 
promptly  followed  the  success  of  the  Clermont  and  immediately 
afterward  the  waters  of  Long  Island  Sound  and  the  Connecti- 
cut and  adjacent  rivers  and  estuaries  found  place  for  many  steam- 
boats.     The  great   rivers  of  the  West  now  began   to   take   on 

*  History  of  the  "[rowtli  of  the  Steam-Engine. — Tliurston. 
\  A  newspaper-slip  in  the  scrap-book  of  the  author  has  the  following  : 
"  The  traveller  of  to-daj,  as  he  goes  on  board  the  great  steamboats  St.  John 
or  Drew,  can  scarcely  imagine  the  difference  between  such  floating  palaces  and 
the  wee-bit  punts  on  which  our  fathers  were  wafted  60  years  ago.  We  may,  how- 
ever, get  some  idea  of  the  sort  of  thing  then  in  use  by  a  perusal  of  the  steamboat 
announcements  of  that  time,  two  of  which  are  as  follows  : 

["  Copy  of  an  Advertiseimnt  taken  from  the  Albany  Gazette,  dated  September,  1807.] 

"The  North  River  Steamboat  will  leave  Panler's  Hook  Ferry  [now  Jersey  City]  on  Friday,  the 
4lh  of  September,  at  9  in  the  morning,  and  arrive  at  Albany  on  Saturday,  at  9  in  the  afternoon. 
Provisions,  good  berths,  and  accommodations  are  provided. 

"The  charge  to  each  passenger  is  as  follows  : 

"  To  Newburg dels.  3,    time  14  hours. 

"   Poughkeepsie "     4,      "    17 

"    Esopus "     5,       "    20     " 

"    Hudson "     5^,     "    30     " 

"    Albany "     7,       "    36     " 

"For  places,  apply  to  William  Vandervoort,  No.  48  Coortlandt  Street,  on  the  comer  of  Green- 
wich Street. 

"  Septejnber  2, 1807. 

["  Extract  from  the  New  York  Evening  Post,  daied  October  2, 1807.] 

"Mr.  Fnlton's.new-invented  Steamboat,  which  is  fitted  up  in  a  neat  style  for  passengers,  and 
is  intended  to  run  from  New  York  to  Albany  as  a  Packet,  left  here  this  morning  with  90  passen- 
gers.  against  a  strong  headwind.  Notwithstanding  which,  it  was  judged  she  moved  through  the 
waters  at  the  rate  of  six  miles  an  hour." 
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(he  aspect  of  which  ^^  poor  John  Fitch"  had  dreamed  a  genera- 
tion earlier  and  New  York  and  Albany,  New  Jersey  and  Massa- 
chusetts, Pittsburg,  and  New  Orleans  were  united  by  lines  of 
steam  vessels,  strongest  of  all  bonds  in  the  bringing  together 
and  the  holding  together  of  peoples.  The  construction  of  steam 
ferryboats  followed  and  the  Fulton  and  the  Jersey  City  ferries 
from  New  York  to  either  adjacent  shore  were  inaugurated  in 
1812  and  1813,  the  first  of  all  steam-ferries. 

With  the  outbreak  of  the  war  of  1812  with  Great  Britain, 
lulton  set  himself  to  work  upon  the  plans  of  a  steam  man-of- 
war  and  submitted  them  to  a  commission  appointed  by  the  Gov- 
ernment, consisting  of  the  greatest  captains  of  the  time,  including 
Decatur,  Perry,  Paul  Jones,  and  Evans.  His  plans  contemplated 
the  building  of  what  was  for  the  time  a  very  large  vessel — a 
double  hull,  with  the  paddle  wheel  between,  protected  from  shot, 
the  length  to  be  156  feet,  the  breadth  of  beam  over  all  56  feet, 
and  the  depth  20,  measuring  2,475  tons;  which  was,  in  those  days 
thought  an  enormous  size.  The  ship  was  to  be  given  a  very 
heavy  battery,  to  have  a  speed  of  four  miles  an  hour  and  to  be 
especially  constructed  for  the  defence  of  New  York  and  the 
harbor.  Fulton  proposed  that  some  of  the  guns  should  be 
arranged  to  discharge  their  shot  below  the  water-line  and  others 
to  throw  red-hot  shot  into  the  enemy's  upper  works.  The  cost 
was  to  be  $320,000 — about  ten  per  cent,  of  that  of  the  average 
ironclad  of  to-day,  while  the  costliest  ship  of  the  modern  fleet 
would  in  cost  balance  a  fleet  of  twenty  of  Fulton's  first  steam 
war  vessels.     It  was  named  the  "  Fulton  the  First." 

The  contract  was  authorized,  March,  1814,  and  the  keel  laid 
the  following  tlune;  but  the  ship  was  not  ready  for  her  trial- 
trip  until  May,  1815,  and  had  no  part  in  the  war;  although  the 
moral  effect  of  this  world-wide  famous  vessel,  at  the  time,  was 
probably  very  considerable.  The  ship  was  propelled  by  an  engine 
having  a  cylinder  48  inches  in  diameter  and  5  feet  stroke  of 
piston,  supplied  with  steam  by  a  copper  boiler  22  feet  long,  12 
feet  wide  and  8  feet  high  and  turned  a  wheel  16  feet  in  diameter, 
14  feet  width  of  face  and  length  of  bucket  and  with  a  "  dip  "  of 
4  feet.  The  boiler  was  in  one  hull,  the  engine  in  the  other.  The 
sides  at  the  battery-line  w^ere  4  feet  10  inches  thick,  and  the 
bulwarks  were  musket-proof.  The  armament  consisted  of  thirty 
32-pounders  and  a  submarine  gun  throwing  a  shot  weighing  100 
pounds  at  a  depth  of  10  feet  below  the  water-line.  On  her  trial- 
trip,  in  the  month  of  July,  she  steamed  from  New  York,  at  the 
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Battery,  to  Sandy  Hook  and  hack,  5:)  inilcs,  in  8  hours  and  20 
minutes,  light.  In  September,  1815,  with  all  stores  on  board  and 
ready  for  sea,  she  made  a  speed  of  live  and  a  half  miles  an  hour 
ill  the  bay. 

But  Fulton  never  saw  the  completion  of  this,  his  greatest 
work.  He  died  February  24,  1815.  But  his  work  was  done 
and  well  done.  We  need  only  mourn  his  deprivation  of  the  op- 
portunity to  see  it  in  all  its  perfection  and  to  receive  from  his 
fellows-countrymen  full  recognition  of  their  indebtedness  to  him 
and  assurance  of  their  respect  and  honor  and  love  for  their  bene- 
factor. 

As  from  the  Clermont  have  sprung  the  merchant  fleets  of 
the  world  and  out  from  that  little  craft  have  grown  Campanias 
and  Oceanics  of  our  time;  so,  from  the  ''  Fulton  the  First,"  have 
come  all  the  naval  fleets,  the  "Oregon,"  and  the  "  Olympias  " 
and  the  ^^  Brooklyns  "  of  our  own  day.  Steamboats  had  been 
seen  before  Fulton  laid  down  his  first  keel  on  the  banks  of  the 
Seine;  but  it  is  from  Fulton's  first  successful  steamboat  that 
all  fleets  have  been  derived.  Armored  war-vessels  had  been 
built  earlier;  but  it  ^^■as  from  Fulton's  steam  frigate  with  its 
protected  sides  and  batteries  that  the  contemporary  ironclad  was 
lineally  descended.  In  1807  the  ^'  Clermont  "  was  alone  in  the 
world  as  a  commercially  successful  steamboat  operating  upon  a 
stated  route;  to-day,  in  place  of  the  little  200-ton  vessel  of  Ful- 
ton, we  find  steamships  on  every  sea,  monsters  of  thousands  of 
tons,  sometimes  of  twenty  thousand  tons  displacement,  carrying 
their  enormous  freights  and  thousands  of  passengers  across  every 
sea,  to  the  farthest  ports  of  every  continent,  to  the  furthest 
islands  of  the  Pacific  Ocean,  the  commerce  of  the  world,  exchang- 
ing the  products  of  every  land  and  of  every  clime. 

The  sailing  vessel  with  its  costless  power,  is  driven  from  the 
seas  by  the  costly  yet  more  economical  power  of  steam.  In  place 
of  the  thirty  or,  at  most,  fifty  horse-power  of  the  pioneer  craft, 
its  successors  on  the  Hudson  exert  the  power  of  a  thousand  and 
more  and  on  the  Long  Island  Sound  of  several  thousands,  and 
on  the  oceans,  three,  five  and  ten  thousand  horse-power  ships  are 
common,  while  the  maximum,  now  twenty  and  thirty,  will  soon 
be  fifty  thousand  horse-power,  in  a  ship  approximating  a  thousand 
feet  in  length  and  thirty  thousand  or  more  tons  displace- 
ment. For  the  Rye  miles  an  hour  of  the  Clermont  is  now  substi- 
tuted the  twenty  miles  of  the  "'  Mary  Powell,"  and  her  grand 
successors,  the  "Puritan,"  the  ''Pilgrim,"  and  the  '' Priscilla," 
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ill  siiioolli  water,  iukI  the  twenty-five  and  thirty  miles  achieved 
by  the  i>'reat  '^  ocean  greyhonnds ''  and  the  modern  naval 
^^  cruisers "  and  torpedo-boats,  with  an  occasional  spurt  up  to 
forty  miles,  as  measured  on  land,  and  by  the  land  measure. 

Fulton  sought  to  insure  the  freedom  of  the  seas  to  all  men  and 
all  nations  by  his  inventions  and  improvements  in  naval  and  sub- 
marine instruments  of  warfare,  giving  the  weakest  nations  such 
power  as  should  compel  the  respect  of  the  strongest  and  making 
all  equal.  Ilis  plans  have  been  adopted  throughout  the  world 
and  a  century  of  further  improvement  has  left  his  task  still  un- 
accomplished; but  his  spirit  is  still  existent  and  is  pervading  the 
world  more  and  more,  as  it  gains  in  intelligence  and  in  morals, 
and  the  permanence  of  peace  is  better  assured  and  war  is  far  more 
dreaded  and  more  carefully  avoided  than  ever  before.  The  spirit 
of  peace,  of  justice  and  of  fair  play,  of  humanity  between  man 
and  man,  is  growing  as  never  before.  The  seed  so  well  sowed  by 
Fulton  has  germinated,  even  if  the  fruit  is  not  yet  rij^e,  and  the 
use  of  the  sword,  if  necessary,  in  the  prevention  of  war  and  the 
combination  of  the  strong  to  control  the  ambitions  and  impositions 
of  the  strongest  are  insuring  peace,  \vhile  the  progressing  civiliza- 
tion of  the  world  is  steadily  bringing  us  toward  a  period  of  uni- 
versal peace  and  of  international  courts  for  settlement  of  differ- 
ences. A  century  has  done  much  to  prove  the  nobleness  and 
the  wisdom  of  Robert  Fulton. 

Robert  Fulton  died  at  the  age  of  fifty  years,  in  the  prime  of 
life  and  at  the  maximum  of  his  mental  and  physical  powers.  He 
at  the  time  was  still  serving  the  United  States  as  naval  construc- 
tor and  contractor,  and  the  government  was  in  debt  to  him 
$100,000  for  moneys  advanced  by  him  and  his  associates  on  work 
in  hand.  The  work  was  completed;  but,  as  occurred  in  the  case 
of  Ericsson,  another  great  benefactor  of  the  country,  a  half 
century  later,  these  claims  were  never  fully  satisfied. 

The  E'ew  York  State  Legislature,  then  in  session,  paid  him 
])ublic  honors  such  as  were  never  before  tendered  any  private 
individual;  his  funeral  was  attended  by  an  immense  concourse 
of  his  fellow-citizens  and  his  grave,  here  at  Trinity  Church,  about 
which  we  to-day  congregate,  and  at  which  we  now  erect  a  memo- 
rial, was  surrounded  by  national  and  State  officials,  by  the  magis- 
tracy of  the  metropolis,  by  its  municipal  council,  a  number  of 
associations  and  many  private  citizens.  As  the  procession  moved 
toAvard  the  grave,  minute  guns  were  fired  from  the  steam-frigate 
"  Fulton  the  First  "  and  the  then  fortified  "  Battery.''     The  re- 
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spect  and  oslonn  of  the  Xaiion  wore  inanifost.  Tot  liis  loinh 
rcinaiiuMl,  until  to-day,  inimarkcd! 

And  Kobort  I'ulton  well  deserved  that  respect  and  esteem;  he 
had  well  earned  it  bv  his  statecraft  as  well  as  \>y  his  inventive 
powers,  bv  ids  business  ability  as  well  ns  by  his  foresight  and 
scientific  al  t.nnnients,  by  his  licnins,  skill,  ])atriotisin  and  j^ood 
works,  (^)nld  he  now  return  to  the  scenes  of  his  labors  and 
witness  the  outcome  of  his  work,  we  may  fe(d  well  assured  that 
he  would  be  more  than  satisHed  and  he  would  be  convinced  that 
his  ambition  and  his  hopes  and  his  anticipations  for  his  country, 
and  his  great  phans  of  promotion  of  the  best  interests  of  the  world, 
had  been  fully  justified  and  are  now  more  than  realized,  so  far  as 
the  solution  of  that  great  problem  in  engineering  is  concerned; 
while  his  grander  problem  in  statecraft  has  made  a  ])rogress  that 
few  would  have  accepted  a  century  ago.  Steam  navigation  is  now 
perfected  far  beyond  his  conceptions  and  the  freedom  of  the  seas 
is  more  complete  than  he  could  then  have  dreamed  possible. 
Even  his  system  of  under-water  navioation  and  warfare  has  come 
to  be  recognized  as  a  practicable  line  of  development  and  the  day 
of  w^arring  fleets  is  weaning  and  that  of  equality  among  nations 
is  dawning". 

"Peace  on  earth,  good-will  toward  man,''  is  still  to  come;  but 
it  is  to  Fulton  that  we  are  to  attribute  such  progress  in  this  direc- 
tion as  has  been  made,  very  largely,  by  the  facilitation  of  inter- 
communication, and  his  has  been  a  missionary  work  among  all 
nations  and  all  peoples.  As  the  committee  representing  us  in 
the  preparation  of  this  memorial,  and  to  whom  we  owe  cordial 
thanks  therefor,  has  said,  his  was  ''  an  epoch-making  work,''  and 
we  are  most  fortunate  in  living  in  the  earliest  period  of  that  epoch 
which  he  thus  created  and  we,  more  than  any  later  generation, 
owe  him  highest  honor  and  gratitude;  for  his  work  has  given  us 
the  greatest  gain. 

This  memorial  stands  for  our  expression  of  that  respect  and 
appreciation. 

To  the  Inventor,  the  Statesman,  the  Patriot,  we  raise  this  our 
monument.  To  the  Man,  the  Engineer,  the  indomitable  Builder 
of  the  World's  Fleets,  to  the  Founder  of  modern  civilization,  in 
large  measure,  we  render  honor  on  this  occasion. 

May  the  name  of  Robert  Fulton  endure  forever  and  may  all 
coixdng  generations  give  him  praise! 
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The  age  in  which  we  live  is  charged  with  forgetfulness.  The 
turmoil  of  traffic,  the  fusion  of  our  many  financial  forces,  the 
complexity  of  onr  national  life  which  now  touches  that  of  every 
other  government  under  heaven ;  the  trend  of  travel,  the  agitation 
of  our  aggregated  activities;  all  these  tend  to  produce  in  us  as 
a  people  the  spirit  of  nervous  energy;  the  changing  features 
upon  the  mobile  face  of  our  country  of  unremitting  unrest. 

We  liave  had  little  time  for  lingering  over  past  accomplish- 
ments. The  stern  future  of  unproduced  achievement  has  beck- 
oned the  active  minds  of  our  thinking  men  to  new  fulfilment. 

The  nineteenth  century,  now  asleep  with  by-gone  history! 
What  changes  hath  it  wrought!  Y^et  who  can  say  what  greater 
fashioning  facts  await  the  twentieth  century,  the  threshold  of 
which  we  have,  with  fine  courage,  and  good  hope,  recently  passed. 
God  has  blessed  us,  as  a  nation,  with  the  dauntless  courage  of  in- 
vention, with  the  prophetic  vision  of  future  possibilities,  with  the 
adventurous  spirit  of  exploration,  which  dares  to  try  new  methods; 
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\\\\\c\\  hopes  to  win  new  victories;  which  ventnres  to  uplift  ohl 
standards,  or  to  exalt  those  wliicli  arc  more  ich'al,  wlicn  wisdom 
deems  them  best. 

The  artist,  who  has  the  radiant  vision  of  his  Masterpiece  witliin 
his  inspired  mind,  does  not  glory  in  the  first  sketches  which  proved 
his  ability.  He  daunt h^ssly  works  on  nnder  the  flame  of  genius 
toward  the  greater  perfection.  The  musician  who  hears  within 
his  soul  the  unwritten  notes  of  a  heavenly  melody,  does  not  dwell 
upon  the  early  exercises  of  his  composition,  even  though  they 
Avon  for  him  his  master's  praise ;  he  tunes  his  being  day  by  day 
to  listen  to  the  low  whispered  harmony  of  a  new  song  of  songs. 

The  sculptor,  who  sees  w^ithin  a  block  of  uncut  marble  a  later 
winged  victory,  wdll  not  long  gaze  upon  the  early  product  of  his 
active  chisel,  but  will  arise  to  new  effort,  that  a  wistful  world 
may  gain  fresh  inspiration.  So  has  our  nation'  pressed  onward, 
seeing  each  day  a  brighter  vision  of  her  exalted  place  among  the 
peoples  of  the  earth;  hearing  each  day  a  clearer  song  of  freedom 
for  her  thiusands  of  trustful  children ;  realizing  more  and  more 
fully  her  power  to  release  the  radiant  figure  of  a  new  victory 
for  the  body,  soul  and  spirit  of  the  united  commonwealth  of 
humanitv,  w^ho  yield  to  her  their  obedience,  and  who  follow  her 
guiding  power. 

What  wonder  then  that  in  pressing  forward  in  the  turmoil  of 
tense  activity,  we  have  sometimes  paid  scant  honor  to  the  former 
toilers  in  the  first  fields  of  our  fair  fatherland;  men  who  have 
"hazarded  their  lives  for  the  faith;  "  the  faith  that  fashioned  a 
new  fabric  to  clothe  our  thought;  and  followed  the  flicker  of  a 
new  prophecy.  Men  who  spent  their  substance  and  toiled  to 
demonstrate  a  new  theory,  or  to  demolish  an  old  foundation, 
strong  with  the  daring  enterprise  of  the  hope  that  was  in  them. 
"  We  touch  and  go,  and  sip  the  foam  of  many  lives,"  says  Emer- 
son, yet  sometimes,  thank  God,  as  in  this  event  wdilch  to-day  calls 
us  together,  we  touch,  and  sip,  and  then  drink  deep  of  a  life 
which  has  in  it  the  strength  of  sacnficial  wine,  the  vigor  of  an 
inspiration  wrung  from  the  mne-press  of  toil  and  sweetened 
with  the  nectar  of  human  unselfishness.  The  foam  vanishes  from 
the  glass,  but  the  wine  endures,  and  \vi\\  endure  unto  the  end 
of  time,  when  the  One  Man  above  all  His  human  brethren  shall 
say  at  his  own  wedding  to  the  Master  of  the  Feast,  "  Thou  hast 
kept  the  good  wine  until  now." 

To-day  we  are  met  together,  my  dear  friends,  for  a  practical 
refutal  of  entire  forgetfulness,  for  the  witness  of  a  substantial 


\ry^4:  ROBERT  FULTON  MEMORIAL. 

proof  that  tlic  niomory  of  Eobert  Fulton  is  alive  in  his  country, 
tliat  his  brother  craftsmen,  the  American  Society  of  Mechanical 
Engineers,  appreciate  his  accomplishment  and  hold  him  in  high 
honor. 

You  are,  I  doubt  not,  familiar  with  the  story  of  his  life.  He 
needs  not,  nor  would  he,  in  his  modesty  have  chosen  his  grand- 
son to  speak  his  praise.  Other  lips  than  mine  have  told  that  which 
history  repeats,  of  the  early  struggle,  and  the  ultimate  success. 

His  parents  came  to  Pennsylvania  from  Ireland  early  in  the 
eighteenth  century,  and  there  is  a  strong  probability  that  his 
father  was  a  descendant  of  the  Rev.  Dr.  Fulton,  a  Church  of  Eng- 
land clergyman,  who  in  1614  was  chaplain  to  Lady  Arabella 
Stuart.  The  line  of  connection  has  not  been  completely  secured, 
yet  interesting  papers  in  our  possession,  taken  from  the  second 
volume  of  the  Clarendon  Gallery  give  the  historical  statement  as 
follows  :  ^^In  the  reign  of  James  the  first  the  Lady  Arabella  Stuart, 
first  cousin  of  the  King,  was  imprisoned  in  the  Tower  of  London 
for  having  assisted  William  Seymour,  afterward  First  Marquis  of 
Hertford,  to  escape  to  France.  During  her  captivity  the  Lady 
Arabella  petitioned  the  King  to  allow  her  spiritual  consolation; 
and  on  the  6th  of  September,  1614,  a  minute  was  drafted  at  the 
King's  command,  by  the  Privy  Council  to  Sir  William  Wead,  the 
Governor  of  the  Tower,  directing  and  commanding  the  Rev.  Dr. 
Fulton  to  visit  and  console  her  from  time  to  time. 

The  motto  still  used  by  the  foreign  branch  of  the  family  and 
by  Sir  Forrest  Fulton,  the  present  Recorder  of  the  City  of  Lon- 
don, is,  ^^  In  strength,  and  virtue;  "  and  the  name  Fulton,  is  of 
Saxon  origin,  meaning  a  full  town,  a  crowded  village.  The  mem- 
bers of  this  clan,  or  village,  proceeded  northward  at  the  time  of 
the  Gorman  conquest  to  avoid  the  invaders;  the  name  is  found 
in  Ayrshire,  Scotland,  as  early  as  1296.  Attached  to  Parlia- 
mentary  Roll   acknowledging  Edward   I   as   King   Paramount. 

William  Fulton,  the  son  of  the  Rev.  Dr.  Fulton,  the  Chaplain 
at  the  Tower,  emigrated  to  Ireland  in  1612. 

During  the  reign  of  Elizabeth  the  Irish  had  been  universally 
engaged  in  rebellion,  and  in  1611,  the  Province  of  Ulster  having 
fallen  to  the  crown  by  the  attainder  of  the  rebels,  a  company 
was  established  in  London  for  planting  new  colonies  in  that  fertile 
country.  Tenants  w^ere  brought  over  from  England  and  Scotland, 
the  Irish  were  removed  from  the  hills  and  fastnesses,  and  by  those 
m.eans  Ulster  was  converted  from  a  wild  and  disorderly  province 
to  the  best  cultivated  and  most  civilized  in  Ireland,     One  branch 
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of  the  family  of  Fulton  came  over  at  this  time  from  Ayr?hiro,  and 
settled  in  and  around  J.i^burn  and  Belfast.  William  Fulton,  the 
son  of  the  Kev.  Dr.  Fulton,  settling  in  Kilkenny. 

It  Avas  from  Kilkenny,  Ireland,  that  Robert  Fulton's  father 
emigrated  to  this  country,  and  it  is  not  therefore  unreasonable 
to  hope  that  the  mystery  of  the  few  intervening  generations  may 
in  time  be  reduced  to  facts  of  historic  accuracy;  certainly,  the 
man  had  in  his  physical  and  mental  equipment  the  vigor  and  vim 
of  the  Scottish  hills  as  well  as  the  wit  and  wisdom  of  the  Irish 
mind;  and  it  is,  I  trust,  something  more  than  a  mere  coincidence 
which  Dr.  Fulton,  of  Xew  Zealand,  cites.  I  quote  from  his  per- 
sonal letter:  '^  It  mav  be  onlv  a  coincident  but  I  have  found  manv 
eminent  civil  and  mechanical  engineers  of  the  name  of  Fulton 
all  over  the  world.  I  know  of  one  in  Australia;  a  most  eminent 
man  in  South  Africa;  another  in  Bristol;  and  onein  Xew  Zealand; 
two  of  my  brothers  were  brought  up  as  civil  engineers,  and  one 
of  them  was  a  genius  in  railway  construction." 

I  have  quoted  thus  largely  from  the  annals  of  the  past,  because 
these  facts  have,  I  think,  hitherto  been  little  known,  and  also 
because  I  feel  that  in  them  God  has  His  lesson  for  us:  He  has 
often  so  endowed  with  special  gift  a  chosen  people,  and  Robert 
Fulton,  though  he  strove  alone  and  knew  not  those  others  of 
his  name  who  shared  his  taste,  was  nevertheless  not  alone;  for 
he  in  America,  and  they  of  far  kinship,  and  in  divers  distant 
lands,  and  time,  worked  with  their  talent  in  likeness  to  his  toil. 

Robert  Fulton  was  a  patriot.  Read  his  life,  if  you  will,  and 
see  how  amid  the  splendors  of  the  old  world,  his  heart,  full  of  the 
fire  of  his  new  invention,  yearned  for  America.  He  gave  his  best 
to  his  own  country.  In  the  concluding  remarks  of  his  paper  on 
''  Submarine  Xavigation  and  Attack,''  delivered  in  London  in 
1806,  now  in  possession  of  the  family,  he  says,  ^*  It  has  never 
been  my  intention  to  hide  these  inventions  from  the  world  on 
any  consideration;  on  the  contrary,  it  has  been  my  intention  to 
make  them  public  as  soon  as  consistent  with  strict  justice  to  all 
with  whom  I  am  concerned;  for  myself,  I  have  ever  considered 
the  interests  of  America's  free  commerce,  the  interest  of  mankind, 
the  magnitude  of  the  object  in  view  and  the  national  reputation 
connected  with  it,  superior  to  all  calculations  of  a  pecuniary 
kind;  ''  and  again  in  another  folio  containing  notes  on  submarine 
vessels,  drawn  June  12th  to  20th,  180-1,  he  says,  "It  is  worthy 
the  genius,  and  utmost  care  of  the  United  States,  as  it  will  guard 
that  young  and  prosperous  Republic  from  the  necessity  of  a  fleet 
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mid  Jill  its  tyrannous  complication;  hence  I  have  taken  these  pre- 
cautions to  secure  it  to  my  country,  lest  any  accident  should 
ha])])en  to  mc  in  my  present  enterprise,  to  introduce  a  new  mode 
of  destroying  fleets  with  efl'ect,  which,  if  successful,  will  never 
sto])  till  the  ocean  is  swept  clean  and  commerce  enjoy  her  right, 
navigation  without  control  or  impediment.'' 

Among  family  papers  are  discovered  two,  which  seem  to  bear 
witness  to  another  result  close  following  the  invention  of  the 
steamboat. 

Robert  Fulton  opened  new  paths  for  our  nation  where  her 
footsteps  were  not  known.  In  an  address  on  the  opening  of  the 
Erie  Canal,  on  Independence  Day,  1826,  the  Mayor  of  New  York, 
said,  '^  The  completion  of  the  Erie  Canal  by  which  the  waters  of 
the  western  lakes  w^re  united  Avith  the  Atlantic,  was  an  event 
of  deep  interest  to  the  country  at  large  and  fraught  with  incal- 
culable advantage  to  the  State  and  City  of  New  York.  Few  in- 
dividuals in  our  country  have  possessed  stronger  claims  upon  its 
gratitude  than  Robert  Fulton.  The  application  of  the  power  of 
steam  for  purposes  of  navigation  has  conduced  so  largely  to  the 
comfort  and  convenience  of  the  civilized  world  as  to  form  a  new 
era  in  its  history.  The  obstacles  which  time  and  space  formerly 
interposed  to  the  intercourse  of  mankind,  and  the  uncertainty  of 
the  winds  and  tides  has  been  rendered  subservient  to  the  magic 
influence  of  this  powerful  agent.  For  the  benefits  resulting  from 
this  momentous  discovery  the  United  States  are  indebted  to  the 
talents  and  perseverance  of  Robert  Fulton,  and  for  this  his  coun- 
try delights  to  honor  his  memory.'' 

It  is  a  voice  from  the  past,  a  tribute  of  old  days;  yet  in  the 
development  which  these  75  years  have  added  we  rejoice  to  echo 
them;  for  the  East  and  the  West  are  indeed  united;  the  waters 
of  the  canal  have  borne  their  thousands  of  burdens,  and  the  path- 
way for  ships  has  become  a  royal  highway  whereon  may  travel 
the  merchandise  of  our  far  fertile  fields.  This  tribute  was  uttered 
11  years  after  the  death  of  Robert  Fulton.  To-day,  75  years 
later,  another  tribute  is  substantially  reared  by  the  American 
Society  of  Mechanical  Engineers,  Fulton's  fellow-workers,  who 
have  carried  on  to  this  later  day  perfection  the  first  efforts  of 
that  early  day  of  promise. 

The  other  paper  of  which  I  spoke,  Avas  also  of  deep  significance, 
it  illustrated  the  recognition  of  a  city  of  the  South.  In  1883, 
the  City  of  Charlestown,  in  her  Bi-Centennial  year,  placed  a 
bust  of  Robert  Fulton  in  the  Council  Chamber,  and  Mr.  Courtney, 
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the  ^Fayor,  wroto  to  Mr.  Fulton's  daun^litcr,  expressing  "  his 
trust  that  this  little  act  of  comity  may  draw  toircther  in  closer 
bonds  the  people  of  New  York  and  South  Carolina  fur  cen- 
turies to  come/'  and  he  adds,  "  May  the  union  of  the  States 
be  perpetual." 

Beneath  the  inscription  upon  that  bust  are  these  potent  words: 
^'  The  City  of  Charlestown  caused  this  bust  to  be  erected  as  a 
Memorial  to  Robert  Fulton's  worth,  and  of  his  service  in  closely 
connecting  her  harbor  with  others  of  the  world,  and  in  her  Bi- 
Centennial  year  the  Hon.  AVilliam  A.  Courtney,  City  flavor, 
erects  it  in  her  Council  Chamber  to  perpetuate  his  great  achieve- 
ment." These  quoted  words  have  value  as  a  prophetic  utterance 
that  the  power  which  Robert  Fulton  released  and  ])ut  in  force 
has  had  important  influence  in  the  development  of  that  close 
fellowship  which,  in  the  eyes  of  nations,  characterizes  the  strength 
of  our  beloved  country.  East  and  West,  Xortli  and  South, 
we  touch  the  ends  of  our  ocean-bound  continent  and  iind  existant 
harmony,  a  concord  of  brotherly  peace  and  good  will.  Every 
national  influence  which  strengthens  these  holy  ties  is  to  be  re- 
vered, maintained  and  cherished,  and  for  this  cause  I  am  priv- 
ileged to-day  to  speak  these  words  to  you,  in  the  shadow  of  old 
Trinity  where  beneath  the  perpetual  benediction  of  its  cross- 
topped  spire  Robert  Fulton  has  slept  these  many  years. 

On  the  25tli  of  February,  1815,  at  4  o'clock  in  the  afternoon, 
the  last  sad  oflices  for  Robert  Fulton  were  said  upon  this  holy 
ground,  when  by  all  the  oflicers  of  the  Xational  and  State  govern- 
ments then  in  the  city,  by  the  magistracy,  the  Common  Council, 
a  number  of  societies,  and  a  great  gathering  of  citizens,  the  mortal 
body  of  this  immortal  man  was  laid  to  rest.  From  the  time  the 
procession  began  to  move  from  his  residence,  Xo.  1  State  Street, 
till  it  arrived  at  Trinity  Church  minute  guns  were  fired  from 
the  steam  frigate  and  the  ^Vest  Battery,  and  the  flags  of  the 
vessels  in  the  harbor  were  at  half-mast. 

Perhaps  I  can  give  no  better  words  here  than  those  wi'itten  at 
the  time  of  his  death  by  the  editor  of  the  "  Columbia,"  and  pub- 
lished with  black  edged  border.  He  says,  in  part,  *'  This  day  the 
mortal  remains  of  Robert  Fulton  are  committed  to  the  ground, 
consecrated  by  the  tears  of  a  bereaved  community,  who  can 
never  cease  to  deplore  his  loss,  while  they  recollect  his  virtues 
and  his  genius,  and  enjoy  the  fruits  of  his  talents  and  labors.  As 
a  scholar,  a  patriot,  a  friend  and  an  ornament  of  the  arts  and 
sciences,  a  mechanician  and  public  benefactor  and  worthy  citizen, 
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we  can  scarcely  suppose  that  so  deep  and  irreparable  a  cliasm  in 
society  could  be  made  in  this  extensive  country  during  the  in- 
fancy of  our  manufacturing  efforts  and  handicraft  improve- 
ments, by  the  loss  of  any  other  man  of  his  professional  cast  in 
\\\v  nation." 

These  words  were  warm  from  hearts,  alive  mth  the  loss  of  that 
by-gone  day:  yet  they  need  not  have  been  wholly  sad,  for  thank 
God,  '"'  the  good  man  does  lives  after  him."  Robert  Fulton  was 
indeed  asleep,  yet  his  invention,  vigorous  in  its  first  infancy 
through  his  self-denial,  flourished  and  lived  wdth  ever  growing 
strength  wdiich  is  now  finding  its  full  development  in  the  maritime 
fleets  and  world-famed  ISTavy  of  our  land.  Look  forth  to-day 
upon  the  American  waters;  behold  the  small  one  hath  become  a 
thousand !  And  Fulton  is  to-day,  in  our  thought  because  he  dared 
to  build  that  small  one,  because  he  hopefully  looked  forward  to 
this  future,  because  God  gave  him  the  mission  and  courage  of  a 
prophet.  In  1845,  Justin  E.  Moore,  a  poet,  wrote  these  lines 
upon  Fulton: 

**  Oh,  who  like  thee  a  monument  shall  claim, 
Walker  of  seas,  of  ocean  floods  sublime. 
Thine  hast  thou  reared.     Behold, 
Sun  ne'er  upon  it  sets  where  rolls  the  deep, 
Seas,  oceans,  lakes,  streams,  rivers,  swift  or  bold  ; 
Towns,  cities,  villages  in  arctic  cold, 
Or  torrid  zone,  in  east  or  far  ofE  west. 
On  hill,  or  mountain,  prairie,  desert,  wold. 
There  is  thy  monument,  that  rich  bequest 
Which  myriads  and  myriads  have  blest  ! " 

Each  steamboat  is  indeed  his  monument.  Yet  to-day  we  rejoice 
that  another  permanent  token  near  his  resting-place  has  been 
reared  by  the  American  Society  of  jMechanical  Engineers,  and 
we  meet  together  for  its  dedication.  I  have  said  that  the  last 
sad  ofiices  for  him  were  read  in  this  place.  It  is  fitting  that  to- 
day we  unite  in  these  glad  ofiices,  wdiich  testify  to  the  world  an 
appreciation  of  his  enduring  worth.  As  pilgrims  yet  upon  our 
way  w^e  come  to  rejoice  for  the  triumph  he  won,  and  for  the  vic- 
tory of  the  long  ago.  So  shall  w^e  be  stronger  for  our  own 
waiting  work  which  God  intends  us  to  do ;  so  shall  we  win  courage 
for  our  cruise  on  the  yet  unknow^n,  with  His  hand  on  the  helm 
to  guide  us. 


MEMBERS   DECEASED   DURING   THE   YEAR.  158*J 


No.  1006. 

MEMORIAL  NOTICES  OF  MEMBERS  DECEASED  DUR- 
ING THE  YEAR. 

JOHN  M.  BOGLE. 

Mr.  Bogle  was  born  in  Knightsville,  Eliode  Island,  in  1849. 
After  moving  to  Fall  River,  Massachusetts,  at  an  early  age, 
he  became  a  bookkeeper  in  one  of  the  machine  shops  of  the 
city;  but  the  shop  was  more  attractive  than  tlae  office,  and  he 
soon  forsook  the  latter  to  learn  the  machinist's  trade,  at  which 
he  worked  in  various  shops  until  1869,  when  he  entered  the  em- 
ploy of  the  Gorham  Manufacturing  Company,  with  which  firm 
he  stayed  until  his  death.  He  began  as  toolmaker,  but  ad- 
vanced rapidly  to  the  position  of  Master  Mechanic,  which  he 
held  for  twenty-five  years.  In  this  position  he  designed  many 
special  machines  for  the  manufacture  of  silv^erware,  and  had 
entire  charge  of  the  machinery  and  plant,  which  stands  as  a 
monument  to  his  life's  work. 

His  death  occurred  unexpectedly  from  heart  disease  on  March 
7,  1901,  while  fixing  a  slight  derangement  to  an  automobile  in 
which  he  was  riding.  He  became  a  member  of  the  Society  in 
1891. 

THOMAS  J.  BORDEN. 

Mr.  Borden  was  born  in  Fall  River,  Massachusetts,  March  1, 
1832.  At  the  age  of  sixteen  he  became  a  clerk  in  the  Fall  River 
Iron  Works  Company's  office,  where  his  father  was  Treasurer 
and  active  manager.  He  remained  there  for  one  year,  and  then 
went  to  the  Lawrence  Scientific  School  of  Harvard,  where  he 
studied  engineering  and  chemistry  for  two  years;  he  then  re- 
turned for  two  years  to  the  office  of  the  Fall  River  Iron  Works. 
At  the  age  of  twenty-one  he  was  appointed  Agent  and  Manager 
of  the  Bay  State  Print  Works,  commonly  known  as  the  Globe 
Print  Works,  which  about  1857  consolidated  with  the  American 
Printing  Company.     In  1860  he  was  appointed  Treasurer  of  the 
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Troy  Mills,  and  after  ten  months  succeeded  in  increasing  the  pro- 
ductive cai)acity  fourfold,  and  during  the  sixteen  years  while  he 
remained  in  charge,  the  value  of  the  plant  was  increased  in  the 
same  proportion.  In  1868,  when  the  Mechanics  Mill  was  organ- 
ized, he  was  made  President  and  Agent,  and  the  plans  were 
drawn  under  his  direction.  In  18Y1  he  organized  the  Richard 
Borden  Mills,  and  planned  Mill  Ko.  1,  in  which  he  incorporated 
a  system  of  perforated  piping  for  the  prevention  of  fire,  this 
being  the  first  system  of  the  kind  ever  invented,  and  w^hich  has 
been  developed  into  the  automatic  sprinkling  system  of  the 
present  time. 

Colonel  Borden  remained  as  active  manager  of  these  three  cor- 
porations up  to  1876,  when  he  retired  to  take  charge  of  the 
American  Printing  Company.  In  1863  he  was  commissioned  as 
Lieutenant  in  the  Fall  Piver  Light  Infantry  Company;  in  1874 
as  Lieutenant  in  the  Fifth  Unattached  Company;  in  the  same 
year  Captain  of  Company  K,  Third  Regiment;  Lieutenant- 
Colonel  of  same  regiment  in  1876;  Colonel,  1868-71,  when  he 
resigned.  He  remained  with  the  American  Printing  Company 
until  the  middle  of  the  '80's,  at  which  time  he  retired  and 
became  President  and  Treasurer  of  the  Fall  River  Manufac- 
turers' Mutual  Insurance  Company,  and  subsequently  of  three 
Rhode  Island  companies.  In  this  field  he  became  recognized 
among  manufacturers  as  an  authority  on  practical  insurance 
management. 

Colonel  Borden,  after  a  lingering  illness,  died  in  Providence 
on  I^ovember  22,  1902. 

WILLIAM  D.  CADWELL. 

One  of  the  most  prominent  cotton  mill  agents  of  l^ew  Eng- 
land, Mr.  Cadwell  gained  his  experience  entirely  in  the  mill, 
and  w^as  therefore  in  distinct  sympathy  with  the  employees  in 
the  large  mills  of  which  he  had  control.  He  was  in  charge  for 
many  years  of  the  Jackson  Manufacturing  Company  and  the 
Nashua  Manufacturing  Company  Mills,  ]S"ashua,  New  Hamp- 
shire, and  it  was  only  in  1900  that  he  left  the  former  concern  on 
account  of  the  pressure  of  business.  Mr.  Cadwell  was  born  in 
Montpelier,  Vermont,  October  16,  1834.  He  early  went  to 
Lowell,  Massachusetts,  and  was  employed  in  the  Merrimac  Cot- 
ton Mills  until  1866,  when  he  removed  to  Nashua  to  take  a 
position  as  Master  Mechanic  in  the  National  Company's  Cotton 
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Mills.  Two  years  later  he  was  made  Superintendent,  and  in 
1871  Agent  of  the  Jackson  Mills,  which  position  ha  held  until 
1900.  In  1891  he  became  Agent  of  the  JSashua  Manufacturing 
Company  also,  and  held  this  position  until  the  time  of  his  death, 
lie  was  also  Treasurer  of  the  Nashua  (ias  Company  from  1874 
up  to  the  time  of  its  consolidation  with  the  Kashua  Light,  Heat 
and  Power  Company. 

Mr.  Cadwell  was  prominent  in  Masonic  circles,  being  a  mem- 
ber of  various  im])ortant  Lodges  and  Rites.  He  was  President 
of  the  Masonic  Building  Association,  member  of  the  Currier 
Building  Association,  Director  of  the  Pennichuck  Water  Com- 
pan}^,  Director  of  the  Xashua  Board  of  Trade,  and  of  the  Indian 
Head  National  Bank. 

Mr.  Cadwell  had  long  been  in  failing  health,  although  he  was 
not  seriously  ill  until  within  a  few  days  of  his  death,  which  oc- 
curred October  10,  1902,  of  heart  disease.  He  became  a  mem- 
ber of  the  Society  in  1889. 

JOSEPH  CAVAXAGH. 

Mr.  Cavanagh,  in  his  early  days,  ser^^ed  his  apprenticeship  in 
mechanical  engineering,  and  at  the  breaking  out  of  the  war 
enlisted  as  a  bugler  in  the  cavalry  arm  of  the  service,  where  he 
served  for  two  years,  being  twice  wounded.  L'pon  his  recovery 
he  was  honorably  discharged,  and  enlisted  in  the  navy,  where 
he  served  as  assistant  engineer.  At  the  close  of  the  war  he 
went  to  San  Francisco,  where  he  worked  in  installing  the  first 
cable  road  ever  built;  the  actual  construction  of  the  first  grip 
which  was  made  being  performed  by  him.  He  next  entered  the 
merchant  marine  service  as  engineer,  and  served  for  a  number 
of  years  on  the  Pacific  Mail  Line,  both  on  the  Pacific  and 
Atlantic  steamers  of  that  company.  Later  he  located  at  Corpus 
Christi,  Texas,  where  he  established  and  managed  the  first 
artificial  ice  plant  installed  in  that  section.  Incidentally  he  be- 
came the  Superintendent  of  a  group  of  mines  in  northern  Mexico, 
which  he  manao^ed  with  sio:nal  success.  In  1885  he  went  to 
Philadelphia  and  entered  the  employ  of  the  firm  of  Burr  & 
Dodge,  the  predecessors  of  the  Link  Belt  Engineering  Company, 
the  rapid  development  of  which  business  was  in  a  large  measure 
due  to  his  industry,  mechanical  knowledge  and  insight.  He 
died  after  a  two  years'  illness,  on  the  1st  of  July,  1902.  He 
was  elected  a  member  of  the  Socictv  in  1886. 
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ALFRED  CHRISTIANSEN. 

Mr.  Christiansen  was  born  in  Christiania,  T^orway,  July  10, 
1850.  He  received  a  common-school  education,  and  at  the  age 
of  fourteen  he  went  to  sea,  like  most  of  the  boys  of  his  native 
country;  his  first  voyage  was  to  Scotland,  and  c-fter  his  return 
the  following  winter,  he  studied  navigation.  After  completing 
his  studies  he  again  went  to  sea;  this  time  he  visited  the  West- 
ern Continent.  He  experienced  many  hardships,  and  his  am- 
bition arose  for  something  better  and  higher.  After  his  return 
to  Norway,  he  pledged  his  future  life  to  engineering. 

He  wanted  to  go  through  all  branches,  and,  starting  as  a 
blacksmith's  helper,  he  went  through  the  boiler  shops,  pattern 
shops,  foundry  and  machine  shops.  In  this  capacity  he  had  to 
work  from  six  in  the  morning  until  six  in  the  evening,  and  had 
over  seven  miles  to  walk  both  to  and  from  work.  After  work- 
ing-hours he  attended  evening  school,  where  he  studied  until 
ten  o'clock  every  night. 

In  1875  he  was  able  to  take  the  entrance  examination  at  the 
Technical  School  at  Christiania,  which  he  took  with  great 
honors.     In  1879  he  graduated  at  the  head  of  his  class. 

In  1880  he  came  to  the  United  States,  landing  in  Philadel- 
phia, where  he  became  an  employee  of  the  Baldwin  Locomotive 
Company,  and  afterwards  of  the  William  Sellers  Machine  Com- 
pany, as  a  practical  machinist.  Later  he  went  to  Providence, 
where  he  worked  at  Brown  &  Sharpe's.  Next  he  went  to  the 
Hinckley  Locomotive  Company,  in  Boston,  where  he  began  as 
machinist  and  left  as  master  mechanic.  In  1883  he  went  to  the 
Watertown  Arsenal  Ordnance  Department,  United  States  Army, 
Water  town,  Massachusetts,  as  a  draughtsman,  and  was  subse- 
quently ordered  to  Watervliet  Arsenal,  where,  after  the  com- 
pletion of  the  gun  factory,  he  became  master  mechanic,  and 
remained  in  that  capacity  until  his  death,  which  occurred  the 
16th  of  January,  1903,  caused  by  hemorrhage  of  the  brain. 

His  last  work  was  the  completion  of  the  largest  coast-defence 
gun  m  the  world.     He  became  a  member  of  the  Society  in  1889. 

EDWARD  A.  DARLING. 

Mr.  Darling  was  born  on  Jersey  City  Heights  on  August 
28th,  1865.  He  inherited  on  his  mother's  side  a  decided  taste 
toward  marine  engineering  and  naval  architecture,  and  from  his 
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father's  side  the  training  of  the  Scotch  linen  manufacturer.  J I  is 
father  was  a  Dumferinliue  man  in  the  heart  of  the  linen  district 
of  Scotland. 

Mr.  Darling  went  to  school  in  Walnut  Hills,  Cincinnati,  and 
in  the  public  schools  of  New  ^'ork  City,  to  which  his  ])arents 
moved.  He  entered  a  large  wliolesahi  tea  house,  but  after  two 
years  of  commercial  experience  he  decided  that  mechanical  worlc 
was  his  love,  and  he  became  an  apprentices  in  the  Dehimater  Iron 
Works,  at  the  foot  of  West  Thirteenth  Street,  New  York  City. 
Two  3^ears  later  he  was  made  assistant  tool  maker  with  tlie  ]\rar- 
vin  Safe  Works,  with  whom  he  remained  until  the  autumn  of 
1886  when  he  entered  Cornell  University,  taking  a  special  course 
of  two  years.  In  1888,  after  leaving  Cornell,  lie  accepted  a  posi- 
tion with  the  New  Jersey  Steel  and  Iron  Woi'ks,  and  later  trans- 
ferred to  the  Campbell  Printing  Press  Compan}^  at  Taunton, 
Mass. 

On  the  withdrawal  of  Mr.  II.  F.  J.  Porter  from  the  position 
of  Chief  Engineer  of  Columbia  University,  in  1891,  and  the 
creation  of  the  position  of  Superintendent  of  Buildings  and 
Grounds,  of  the  University,  on  the  accession  of  President  Seth 
Low,  Mr.  Darling  became  the  first  incumbent  of  that  position. 
This  put  him  in  charge  of  the  systems  of  heating,  ventilation 
and  electric  lighting  of  the  University,  at  its  old  site  at  Forty- 
ninth  Street  and  Madison  Avenue.  He  had  much  to  do  with 
the  installation  of  the  mechanical  plant  in  the  new  buildings  of 
the  College  of  Physicians  and  Surgeons,  erected  by  the  Yander- 
bilt  family  in  1893,  and  was  the  first  to  introduce  the  practice 
of  mechanical  refrigeration  for  the  conduct  of  the  work  in  prac- 
tical anatomy  in  such  an  institution. 

When  in  1895-97  Columbia  Universit}^  faced  the  problem  of 
removal  from  its  restricted  and  inadequate  site  on  49th  Street  to 
its  more  satisfactory  location  on  116th  Street  and  Broadway, 
the  problem  of  designing  the  power-house  of  the  University  was 
placed  in  Mr.  Darling's  hands.  It  was  proposed  to  heat  the 
entire  group  of  University  buildings  from  a  central  power  plant, 
and  to  furnish  light  and  the  power  for  ventilation  purposes, 
electrically,  from  generators  in  connection  with  that  central  sta- 
tion. With  the  help  of  Mr.  Frank  J.  Creelman  the  plans  for 
this  important  power  house  were  prepared  by  Mr.  Darling,  and 
executed  in  satisfactory  shape,  when  the  University  was  ready 
to  occupy  its  buildings.     A  description  of  this  plant  was  given 


1544  MEMBERS   DECEASED   DUKING   THE    YEAR. 

in  tho  Transactions,  Vol.  XXII.  He  had,  moreover,  the  very 
diflicult  problem  to  face  of  removing  the  very  elaborate  and  ex- 
pensive collections  of  the  Departments  of  Science  of  the  Univer- 
sity and  installing  them  in  their  new  home,  and  his  services  in 
carrying  out  this  exacting  requirement  were  most  heartily  ap- 
preciated. 

In  1809  an  opportunity  came  to  Mr.  Darling  through  his  con- 
nection with  the  Society  of  Mechanical  Engineers,  which  he  had 
joined,  to  take  a  position  of  responsibility  at  Mr.  Edison's  plant 
for  the  manufacture  of  cement.  The  experience  which  he  had 
had  in  the  building  of  the  Columbia  plant  on  the  large  scale  was 
very  serviceable  to  him  in  this  larger  opportunity,  and  he  at  once 
took  hold  of  the  problem  which  was  set  before  him.  He  met 
with  great  success,  and  was  fully  supported  in  his  views  by  those 
representing  Mr.  Edison,  so  that  presently  he  transferred  his 
residence  from  the  Oranges  to  Stewartsville,  I^T.  J.  It  was  in 
connection  with  a  most  unfortunate  combination  of  circumstances 
at  the  Stewartsville  plant  that  Mr.  Darling  lost  his  life,  March 
16,  1903.  The  coal  for  a  part  of  the  plant  was  carried  by  a  long 
conveyor  to  the  point  where  it  was  to  be  used.  A  fire  from 
spontaneous  combustion  in  the  pocket  had  attracted  the  atten- 
tion of  those  in  charge,  and  they  gathered  that  the  extinction 
had  been  complete  after  all  outward  signs  of  the  fire  had  disap- 
peared. But  a  glowing  mass  of  coal  fell  into  the  conveyor  and 
was  carried  unnoticed  into  the  pulverizing  room,  where  it  set  fire 
to  the  atmosphere  of  pulverized  fuel,  causing  an  explosion  and  a 
flame,  which  in  its  outrush  from  the  building  caught  Mr.  Darling 
in  an  open  doorway,  and  produced  burns  from  whose  severity  he 
was  compelled  to  succumb. 

It  was  a  dramatic  element  in  his  life  that  he  had  been  per- 
mitted to  see  the  completion  of  his  work  at  Stewartsville  and  the 
satisfactory  operation  of  his  designs  before  the  call  came  to  lay 
the  work  down.  He  became  a  member  of  the  Society  in  June, 
1891. 

GEORGE  R.  FULTON. 

Mr.  Fulton  was  born  in  Pittsburgh,  Pennsylvania,  August  24, 
1853.  He  enjoyed  only  a  common-school  education,  and  at  the 
age  of  nineteen  he  entered  the  employ  of  the  Pennsylvania  Rail- 
road Company  as  fireman. 

In  the  fall  of  1876  he  made  a  change  in  his  vocation,  and 
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beciinie  interested  in  the  grocery  business,  wljicli  having  fjuhnl 
to  meet  his  expectations,  he  returned  to  nicchaTiical  ])ursuits  in 
1879,  entering  the  employ  of  tlie  Pittsburgh  and  Lake  Erie 
Kailroad  Company  as  iirenum,  and  after  three  montlis'  service 
was  advanced  to  the  position  of  locomotive  engineer  in  the  pas- 
senger service. 

In  18S()  he  entered  the  em])loy  of  the  AVestinghouse  Electric 
and  Manufacturing  Comj)any.  lie  came  to  New  York  in  18S1^, 
and  associated  himself  with  the  ]\rount  Morris  Electric  IJtrht 
Company,  serving  in  the  capacity  of  Superintendent  until  181J8, 
when  he  became  connected  with  the  J.  G.  AVhite  (Company,  and 
was  placed  in  charge  of  the  operating  of  the  Gold  and  William 
Street  stations  of  the  Kew  York  Heat,  Light  and  Power  Com- 
pany. 

In  the  changes  which  took  place  in  the  electric-light  situation 
in  Xew  Y^ork  City  in  1899,  culminating  in  the  organization  of 
The  Xew  Y^ork  Edison  Company,  Mr.  Fulton's  experience  as  an 
operating  engineer  and  his  excellent  judgment  in  the  handling 
of  men  were  recognized  in  his  appointment  as  Chief  Engineer, 
which  position  he  occupied  until  his  death,  December  4,  1902. 

Mr.  Fulton  was  a  member  of  the  Brotherhood  of  Locomotive 
Engineers,  Division  148,  and  he  became  a  member  of  the  Ameri- 
can Society  of  Mechanical  Engineers  in  1899. 

WILLIAM  GARRETT. 

Mr.  Garrett,  inventor  of  the  rod-rolling  mill  bearing  his  name, 
was  born  in  Blain,  Monmouthshire,  Wales,  May  25,  1843.  At 
the  age  of  eleven  he  started  work  in  a  rolling  mill  at  Coatbridge, 
Scotland,  where  he  rose  rapidly,  and  at  sixteen  was  in  charge  of 
a  mill.  He  came  to  this  country  about  1868,  and  was  for  sev- 
eral years  in  the  employ  of  the  Cleveland  Eolling  Mill  Company 
as  Foreman  and  Assistant  Superintendent.  Later  he  became 
Superintendent  of  the  rod  mill  constructed  by  the  American 
Wire  Company  at  Cleveland,  and  later  became  head  of  the 
Garrett-Cromwell  Engineering  Company.  He  designed  and 
superintended  the  erection  of  mills  in  various  localities.  At  one 
of  the  late  meetino^s  of  the  Iron  and  Steel  Institute  he  read  an 
important  paper  on  '^Rolling-Mill  Practice." 

His  death  occurred  at  Mount  Clemens,  Michigan,  July  16, 
1903.     He  became  a  member  of  the  Societv  in  1888. 
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EDWARD  GRAFSTROM. 

Mr.  Grafstrom  was  a  native  of  Sweden,  having  been  born  at 
Motala  on  the  IDth  of  September,  18()2.  He  received  his  degree 
of  Mechanical  Engineer  from  the  Boras  Technical  College  in 
1882,  and  came  to  America  in  September  of  that  year,  when  he 
immediately  became  connected  with  the  Pennsylvania  Eailroad 
in  their  Altoona  shops.  He  was  later  sent  to  Columbus,  Ohio, 
where  he  became  Chief  Draughtsman  for  the  company.  After 
seventeen  years'  service  in  the  Pennsylvania  Eailroad  he  accepted 
the  position  of  Mechanical  Engineer  of  the  Illinois  Central  Eail- 
road, which  place  he  soon  left  to  take  the  same  position  with 
the  Atchison,  Topeka  &  Santa  Fe  system.  He  was  just  enter- 
ins:  into  the  work  of  reoro^anization  of  mechanical  stokers  of 
that  system,  when  his  life  was  suddenly  terminated  during  his 
heroic  efforts  in  rescuing  victims  of  the  recent  flood  at  Topeka, 
Kansas.  At  his  suggestion  and  under  his  supervision,  a  small 
side-wheel  steamer  was  hurriedly  built  in  the  Santa  Fe  shops. 
In  charge  of  this  boat  and  with  a  crew  of  seven  men,  he  carried 
supplies  to  many  sufferers,  and  brought  back  numbers  of  sur- 
vivors. On  the  last  return  trip,  on  the  night  of  Tuesday,  June 
2d,  the  boat  struck  an  especially  strong  whirl  of  water,  and  for 
a  moment  could  not  be  controlled,  and  at  the  same  instant  it 
struck  a  submerged  tree  and  was  upset.  Six  of  the  seven  mem- 
bers of  the  crew  escaped  by  clinging  to  tree-tops,  but  Mr.  Graf- 
strom, though  a  powerful  swimmer,  was  unable  to  make  his 
escape  and  was  lost. 

He  was  elected  a  member  of  the  Society  in  1899, 

WILLIAM  HARKNESS. 

Mr.  Harkness  was  born  at  Ecclefechan,  Scotland,  December 
17,  1837.  He  came  to  New  York  with  his  parents  in  1839.  He 
was  educated  at  the  Chelsea  Collegiate  Institute  in  ]N"ew  York, 
private  schools  at  Fishkill  Landing  and  J^ewburg,  Lafayette 
College,  Pennsylvania,  and  Eochester  University,  where  he 
graduated  in  1858,  and  from  that  University  received  the  degree 
of  A.M.  in  1861,  and  that  of  LL.D.  in  1874.  He  was  a  reporter 
in  the  New  York  legislature  in  1858,  and  in  the  Pennsylvania 
Senate  in  1860.  He  studied  medicine  and  graduated  from  the 
New  York  Homeopathic  Medical  College,  receiving  the  degree 
of  M.D.  in  1862;  during  that  year  he  was  appointed  an  Aide  in 
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the  United  States  Naval  Observatory  at  Washington,  and  in 
18G3  was  ap])ointed  Professor  of  Mathematics  in  the  United 
States  Navy  with  the  rank  of  Lieutenant  C'oinniandiT.  For 
eight  months  lie  was  attached  to  the  United  States  IVlonitor 
Monadnock  to  observe  the  behavior  of  her  compasses  und(;r  the 
influence  of  heavy  iron  armor.  His  report  on  this  work,  together 
with  observations  and  discussions  of  results,  was  published  l)y 
the  Smithsonian  Institution  in  1871.  For  one  3^ear,  ending 
October,  1807,  he  was  attached  to  the  Ilydrographic  Office  at 
Washington,  and  for  the  seven  months  following,  the  Naval 
Observatory.  He  made  observations  of  several  eclipses,  and 
discovered  the  coronal  line  K  1,474,  well  known  to  astronomers; 
he  observed  the  transit  of  Mercury  in  1878.  In  1871  he  was 
appointed  one  of  the  original  members  of  the  Transit  of  Venus 
Committee.  Soon  after  the  second  transit  of  Yenus  in  1872  he 
was  given  charge  of  the  reductions  of  all  the  observations  made 
by  the  American  parties,  and  in  1 889  made  a  report  to  the  Sec- 
retary of  the  Navy,  giving  a  brief  statement  of  the  result  derived 
from  the  photographs  made.  In  1892  he  was  appointed  Chief 
Astronomical  Assistant  to  the  Superintendent  of  the  Naval 
Observatory,  and  in  1894  was  appointed  Astronomical  Director 
of  the  Observatory  with  general  supervision  of  all  astronomical 
work.  In  1897  he  was  appointed  Director  of  the  American 
Ephemeris  and  Nautical  Ahnanac,  and  he  retained  both  of  these 
offices  until  his  retirement  for  age,  in  1899.  During  his  life  he 
published  many  scientific  papers,  and  was  a  member  of  several 
scientific  societies.  He  was  twice  Vice-President  and  once  Presi- 
dent of  the  American  Association  for  the  Advancement  of 
Science. 

At  the  time  of  his  retirement  he  found  that  his  health  was 
quite  seriously  impaired,  and  as  he  was  unable  to  take  up  any 
scientific  work,  he  retired  to  his  home  in  Jersey  City.  His 
death  occurred  on  the  afternoon  of  Februarv  28,  1903.  He 
became  a  member  of  the  Society  in  1891,  and  was  a  Life 
Member. 

DAVID  P.  JONES. 

Mr.  Jones  was  born  in  Philadelphia,  March  15,  1840.  Little 
can  be  learned  in  regard  to  his  early  Life  and  education,  but  in 
1858  and  1859  he  was  appointed .  one  of  the  two  principal  exam- 
iners of  the  Utah  Public  Survey.     He  entered  the  United  States 
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Navy  in  1SG2  as  an  Assistant  Engineer,  and  after  passing 
through  the  various  grades  finally  became  Chief  Engineer  in 
January,  1880. 

In  June,  1892,  he  retired  for  physical  disability. 

He  was  a  very  able  draughtsman  and  designer,  and  was  several 
times  assigned  to  duty  in  the  r>ureau  of  Steam  Engineering. 
Perhaps  his  most  important  effort  was  in  the  organization  and 
development  of  the  four-year  course  for  Cadet  Engineers  at  the 
Naval  Academy.  The  first  class  under  this  course  entered  in 
1874,  and  Mr.  Jones  was  ordered  to  the  Academy  as  Instructor, 
where  he  was  on  duty  for  five  years.  After  his  retirement  he 
practised  consulting  engineering  in  Chicago  and  Pittsburgh, 
and  at  the  latter  place  was  assigned  to  duty  as  Chief  Steel  In- 
spector during  the  war  with  Spain.  His  death  occurred  on 
January  30,  1903.     He  became  a  member  of  the  Society  in  1881. 

JOHN  S.  KLEIN. 

Mr.  Klein  was  born  in  Nassau,  Germany,  in  April,  1849,  and 
at  a  very  early  age  came  to  this  country  with  his  parents  and 
located  in  Buffalo,  where  at  the  age  of  sixteen  he  was  appren- 
ticed as  machinist  in  the  shops  of  the  New  York  Central  Eail- 
road.  After  completing  his  term  as  apprentice  he  worked  for 
a  short  time  in  Buffalo,  but  soon  went  to  assume  a  position 
which  his  brother  had  secured  for  him  in  the  oil  field,  at  Plumer; 
this  was  in  1868.  A  little  later  he' went  in  the  shops  of  Smith  & 
Crumbie,  at  Rouseville,  and  a  little  later  went  to  Bredinsburg, 
in  a  repair  shop  for  oil-well  machinery,  and  for  a  year  or  two 
had  complete  charge  of  the  latter  establishment.  After  one  or 
two  other  changes  he  was  placed  in  charge  of  a  machine  shop  of 
the  Yandergrift  &  Forman  Co.  at  Petrolia.  This  concern  moved 
to  Oil  City,  w^here  it  developed  into  a  very  large  establishment. 
He  is  credited  with  a  number  of  patents,  which  include  a  pipe- 
line scraper,  which  was  a  device  for  removing  the  deposits  of 
paraffine  from  the  inside  of  pipe-lines,  the  same  being  propelled 
by  the  current  of  oil.  Also  a  pump  for  raising  water  from  nat- 
ural gas-wells  by  means  of  the  gas  pressure  from  said  wells; 
throttling  governors  for  gas-engines;  cut-off  inlet  valve  for  gas- 
engines;  metallic  packing  for  gas-engine  piston-rods;  oil  burner, 
in  which  oil  is  sprayed  by  compressed  air;  water-cooled  rods 
and  pistons  for  gas-engines.  AH  of  the  above-mentioned  devices 
are  in  extensive  use  throughout  the  oil  and  gas  fields.     The 
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position  which  he  hehl  at  the  time  of  his  death  was  that  of 
Superintendent  of  JNFachinery  with  the  National  Transit  (com- 
pany, lie  was  attacked  with  typhoid  inahiria,  and  after  an  ill- 
ness of  six  weeks  died  at  his  homo  in  Oil  Oity,  July  IC,  1903. 
He  became  a  member  of  the  Society  in  1893. 

GEORGE  LEACH. 

Mr.  Leach,  engineer  and  architect,  was  born  at  Xaples, 
Maine,  September  IG,  1843.  His  early  life  after  completing  a 
common  school  education  was  spent  in  mill  construction  and 
equipment.  Later  he  began  the  study  of  mechanical  engineer- 
ing and  machinery  design,  and  in  that  class  of  work  was  em- 
ployed by  various  concerns,  among  which  might  be  mentioned 
the  Saco  AVater  Power  Machine  Shop,  Biddeford,  Maine;  the 
South  Boston  Iron  Works;  United  States  Xavy  Yard  at  Ports- 
mouth, New  Hampshire;  Whitehead  &  Atherton  Machine  Co., 
Lowell,  Massachusetts,  and  Brown  &  Sharpe  Manufacturing 
Co.,  Providence.  In  1891  he  established  his  residence  at 
Providence,  Ehode  Island,  where  he  was  engaged  in  the  design 
and  erection  of  new  buildings  for  the  Brown  &  Sharpe  ]\fanufac- 
turincj  Co.  and  various  other  concerns.  He  died  at  his  home  in 
Providence  on  November  27,  1902. 

Mr.  Leach  became  a  member  of  the  Society  March  15,  1901. 

WILLIAM  VAIL  LIDGERWOOD. 

Mr.  Lidgerwood  was  born  in  Morristown,  New  Jersey,  on 
AuD:ust  10,  1863.  His  education  was  obtained  at  the  best 
schools  of  his  native  town,  and  was  supplemented  by  recitations 
to  tutors  while  serving  his  apprenticeship  in  Brooklyn.  He  also 
obtained  his  education  in  part  from  one  of  the  professors  of  the 
Glasgow  University,  in  Scotland.  His  apprenticeship  in  Brook- 
lyn was  in  his  father's  works,  the  Lidgerwood  Manufacturing 
Company.  He  was  there  for  four  years  and  then  spent  two 
years  in  his  uncle's  shops  in  Scotland.  For  the  twenty  years 
previous  to  his  death  he  acted  as  his  uncle's  sole  representative 
in  Brazil,  and  created  while  there  a  large  works  at  San  Paulo, 
employing  about  three  hundred  men.  He  was  both  a  scientific 
and  practical  engineer.  He  died  on  June  2,  1902,  at  the  resi- 
dence of  his  uncle,  Mr.  YanYleck  Lidgerwood.  in  London.  He 
became  a  member  of  the  Society  in  1886. 
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JOHN  p.  McGUIRE. 

Mr.  McGuire  was  born  in  Buffalo,  'New  York,  I^Tovember  17, 
1856.  While  still  very  young  he  removed  with  his  parents  to 
Cleveland,  Ohio,  and  for  several  years  attended  both  public  and 
parochial  schools.  In  early  manhood  he  entered  the  employ  of 
the  Variety  Iron  Works  as  a  clerk,  and  from  that  position  arose, 
step  by  step,  to  the  position  of  General  Superintendent,  which 
position  he  held  at  the  time  of  his  death.  He  had  been  in  ill- 
health  for  some  time,  and  for  the  second  time  had  gone  to  Colo- 
rado, where,  after  two  months  stay,  he  died  on  the  ITth  of  April, 
1903.  He  was  a  man  of  large  social  qualities,  being  prominently 
identified  with  many  of  the  social  and  fraternal  organizations  of 
his  city.     He  was  elected  a  member  of  the  Society  in  1898. 

GEORGE  S.  MORISON. 

Mr.  Morison  was  born  on  the  19th  of  December,  1842,  at  New 
Bedford,  Massachusetts.  Prepared  for  college  at  Exeter  Acad- 
emy and  graduated  from  Harvard  in  1863.  Three  years  after 
this  he  graduated  from  Harvard  Law  School.  His  first  work 
was  a  bridge  across  the  Missouri  at  Kansas  City  in  1867,  where 
he  served  as  assistant  to  Octave  Chanute ;  he  remained  in  Kansas 
City  until  1871  and  then  removed  to  Detroit,  where  he  became 
Chief  Engineer  for  the  Detroit,  Eel  Eiver  &  Illinois  Kailroad. 
From  1873  to  November,  1875,  he  was  Principal  Assistant 
Engineer  for  the  Erie  Kailroad,  and  during  that  time  rebuilt  the 
celebrated  viaduct  over  the  Genesee  Kiver  at  Portage,  New 
York.  For  ten  years,  commencing  with  1875,  Mr.  Morison  was 
associated  with  the  house  of  S.  C.  and  G.  C.  Ward,  American 
agents  for  Baring  Brothers  &  Co.,  of  London,  and  in  their  inter- 
est served  as  Director  of  the  St.  Louis,  Iron  Mountain  &  South- 
ern Railroad,  the  Eastern  Railroad  of  Massachusetts,  the  Maine 
Central  Railroad,  and  the  Ohio  &  Mississippi  Railway.  He 
was  a  member  of  the  bridge  construction  firm  of  Morison, 
Fields  &  Co.  from  1875  to  1889.  In  1887  Mr.  Morison  removed 
to  Chicago,  where  for  two  years  he  was  associated  in  partner- 
ship with  Elmer  L.  Corthell.  In  1894  he  was  appointed  by 
President  Cleveland  on  the  Board  of  Engineers  to  report  on 
the  greatest  practicable  length  of  span  for  a  proposed  Hudson 
River  Bridge.  In  1895  he  served  on  the  Board  of  Consulting 
Engineers  appointed  to  report  on  New  York  Dock  Department 
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iiijitters.  Ill  ISIm;  he  was  ii})|)oiiit('(l  In'  rresidcnt  ( "IcvchiMd  as 
one  of  the  ineinhers  of  a  l)oard  for  locating  a  dee[)-water  harbor 
in  Southern  California.  His  appointment  to  the  Isthmian  Canal 
Commission  followed  in  1898.  Probably  his  greatest  work  as  a 
bridge  engineer  was  the  bridge  over  the  Mississippi,  at  Mem- 
phis, Tennessee,  which  has  a  single  truss  span  of  TOO  leet,  being 
surpassed  only  by  two  other  bridges  of  the  sort  in  the  world, 
the  Forth  l>ridge  in  Scotbind  and  the  Lansdowne  I>i'idge  at  Suk- 
kur,  India,  lie  was  President  of  tlie  American  Society  of  Civil 
Engineers  in  181)5.  His  death  occurred  in  Xew  York  City  after 
an  illness  of  al^out  six  weeks,  on  the  1st  of  July,  1903.  Mr. 
Morison  was  elected  a  member  of  the  Society  in  1890. 

JAMES  OSCAR  XIXOX. 

Mr.  Xixon  was  born  on  the  2C}th  of  March,  1879,  at  New 
Orleans,  Louisiana.  Graduated  from  Tulane  University  in  that 
city  in  1S9T.  Took  a  post-graduate  course  in  sugar  chemistry, 
occupying  at  the  same  time  the  position  of  chemist  on  a  large 
plantation.  After  leaving  the  University  he  spent  a  year  at 
Wilmington,  Delaware,  as  Manager  for  one  of  the  branches  of  a 
large  foundry.  Three  years  previous  to  his  death  Mr.  Xixon 
became  connected  with  the  Link  Belt  Engineering  Company  at 
Philadelphia,  and  was  almost  immediately  assigned  to  the  test- 
ing and  mechanical  development  of  the  work  of  that  com  pan  v. 
He  had  a  great  deal  to  do  with  the  development  and  introduc- 
tion of  the  Eenold  silent  chain  gear,  and  in  December,  1901, 
presented  a  paper  before  the  Society  entitled  the  ^'  Silent  Chain 
Gear."  Early  in  December  of  1902  he  was  stricken  Avith 
typhoid  fever,  which  culminated  in  his  death  on  the  night  of 
December  27th. 

Mr.  Xixon  became  a  Junior  Member  of  the  Society  March  15. 
1901. 

IRVIXG  M.  SCOTT. 

Mr.  Scott  was  born  at  Hebron  Mills,  Baltimore  County,  Mary- 
land, in  1837.  He  was  early  interested  in  machinery,  and  went 
to  Baltimore  to  learn  the  machinist  trade,  where  he  soon  became 
not  only  a  machinist  but  an  expert  draftsman  and  engineer  as 
well.  AVhen  twenty-two  years  old  he  went  to  San  Francisco  in 
charge  of  a  steam  fire-engine,  and  obtained  a  position  there  in 
the  Union  Iron  "Works.  He  rose  rapidly,  and  after  obtaining  an 
99 
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interest  in  tlie  business  lie  secured  tlie  contract  for  building  the 
protected  cruiser  Charleston.  Althougli  unusual  guarantees 
were  required  by  the  Nasry  Department  in  connection  with  this 
contract,  it  was  successfully  executed,  and  other  vessels  followed, 
among  them  being  the  cruiser  San  FranciHGo^  the  monitor  Mon- 
tere)/^  tlie  Olynipia^  the  Ohio^  and  in  1893  the  Oregon^  wliose 
unprecedented  trip  from  San  Francisco  to  C/uba,  and  subsequent 
eniraironient  in  battle  durino^  tlie  destruction  of  Cevera's  fleet, 
stands  forth  as  a  monument  to  the  designers.  Mr.  Scott  de- 
signed and  built  the  machinery  for  the  Comstock  Mines  and  had 
patents  for  various  inventions.  lie  was  Yice- President  of  the 
Union  Iron  Works  at  the  time  of  his  death,  which  occurred  sud- 
denly in  San  Francisco  on  the  28th  of  April,  the  cause  being 
heart  disease.  Mr.  Scott  became  a  member  of  the  Society  in 
ISTovember,  1882,  and  was  Yice-President  in  1891-93. 

GEORGE  SHAW. 

Mr.  Shaw  was  born  on  the  2d  of  September,  1861,  at  Sardis, 
Alleghany  County,  Pennsylvania.  After  finishing  the  common 
school  courses  he  took  a  commercial  course  at  Iron  City  College, 
Pittsburgh.  He  commenced  the  study  of  stationary  engineer- 
ing at  the  age  of  eighteen  with  the  Alleghany  Stair  Building 
Company.  Later  he  was  employed  as  Engineer  with  the  Jones 
&  Laughlin  Steel  Co.,  and  afterwards  went  to  the  Marshall 
Kennedy  Milling  Company  of  Alleghany,  where  he  occupied 
the  position  of  Chief  Engineer  for  several  years.  For  nearly 
three  years  he  served  in  the  capacity  of  travelling  engineer  for 
the  Stirling  Water  Tube  Boiler  Company,  following  which  he 
became  Chief  Engineer  of  the  Humbert  Tin  Plate  Company  of 
Connellsville,  Pennsylvania.  At  the  time  of  his  death  he  was 
employed  as  expert  on  boiler  practice  by  the  Oil  Well  Supply 
Company.  Mr.  Shaw  died  suddenly,  and  he  was  buried  in 
McKeesport  cemetery.  He  was  elected  a  member  of  the  Society 
in  189T. 

JAMES  SPIERS. 

Mr.  Spiers,  one  of  the  founders  of  the  shipbuilding  industry 
on  the  Pacific  coast,  was  a  native  of  Scotland,  having  been  born 
at  Paisley,  May  1,  1836.  During  a  part  of  his  youth  he  worked 
in  a  bookstore,  but  at  an  early  age  ran  away  to  sea.  The  next 
thing  heard  of  him  he  was  working  as  an  apprentice  in  a  boiler 
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shop  in  Scotland.  In  1852  h(3  wont  to  (/iiliforniii,  wliere,  aftor 
having  gaint^d  some  exporien(;e  at  mining,  he  ontered  tho  (ioUien 
State  and  Miners'  Iron  Works,  of  which  concern  in  a  short  time 
!^[r.  Spiers  became  sole  proprietor,  and  shortly  afterwards  con- 
solidated with  the  Fulton  Iron  Works.  The  j)lant  was  destroyed 
twice  by  lire,  and  it  was  only  after  the  third  successive  rebuild- 
ing that  the  business  was  incorporated  under  the  title  of  the 
Fulton  Shipbuihling  and  Engineering  Works,  which  has  now 
become  one  of  the  largest  on  the  Pacific  coast.  He  was  Presi- 
dent and  active  director  of  the  concern  until  three  years  before 
his  death,  when  ill-health  forced  his  retirement  from  active 
work. 

lie  had  much  to  do  with  the  work  of  creating  the  Lick  School 
of  Mechanical  Arts.  His  librar}^  on  technical  and  mechanical 
subjects  was  perhaps  the  most  comprehensive  in  his  state.  His 
death  occurred  in  San  Francisco  on  August  13,  1902. 

He  was  elected  a  member  of  the  Society  in  ISS-i. 

GE(3RGE   W.  WEEKS. 

Mr.  Weeks  was  born  in  Waltham,  Massachusetts,  February  23, 
1838,  and  in  1819  moved  with  his  parents  to  Clinton,  Avhere  his 
father  became  Superintendent  of  the  Boylston  Mill,  of  the  Lan- 
caster Mills.  At  thirteen  years  of  age  the  younger  Weeks  en- 
tered the  mill,  and  rose  successively  to  positions  as  Clerk,  Pay- 
master, Superintendent  and  Agent,  in  which  last  position  he 
remained  for  nineteen  years,  or  until  his  retirement  from  active 
business  life  in  1896.  It  was  during  Mr.  Weeks'  administration 
that  the  corporation  became  the  largest  manufacturer  of  gingham 
in  the  world.  Although  Mr.  Weeks  Avas  self-educated,  he  was  not 
only  an  authority  on  textile  matters — particularly  the  use  of  the 
microscope— but  he  had  a  speaking  and  reading  knowledge  of 
French,  German  and  Spanish,  and  was  a  fine  musician.  He 
alwavs  took  a  livelv  interest  in  the  affairs  of  the  town  in  which 
he  lived,  beino-  for  years  a  Director  of  the  Public  Librarv,  a 
Trustee  of  the  Xational  and  Savings  Bank,  and  Clerk  of  the 
parish  for  the  Unitarian  Church.  He  was  also  interested  in  pro- 
fessional societies,  being  a  member  and  for  some  time  an  officer 
of  the  New  England  Cotton  Manufacturers'  Association  and  a 
member  of  the  Boston  Textile  Club,  Boston  Athletic  Associa- 
tion, the  Algonquin  Club  and  the  Home  Market  Club. 

After  bis  resignation  from  the  position  as  Agent,  he  travelled 
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extensively  both  abroad  and  in  the  United  States.  Early  in 
1902  he  was  injured  in  a  railroad  accident  while  returning  from 
the  Pacific  coast,  and  never  fully  recovered;  his  death  occurred 
suddenly  of  heart  disease  on  October  7,  1902.  He  joined  the 
Society  in  August  10,  1881. 

JEROME   WHEELOCK. 

Mr.  Wheelock  was  born  in  1835  at  Grafton,  Massachusetts, 
and  received  his  training*  as  an  apprentice  at  the  Taunton  Loco- 
motive AYorks,  from  Avhich  firm  he  \vent  to  the  Washburn  Iron 
AYorks  at  Worcester.  While  with  the  latter  concern  he  invented 
the  Wheelock  Cylinder  Steam  Packing,  which  he  began  manu- 
facturing in  1865,  and  which  is  still  in  use.  In  1870  he  opened 
his  own  shop,  and  during  the  twenty  years  following  inv^ented 
and  perfected  the  valve  mechanism  which  is  the  essential  feature 
of  the  Wheelock  steam-engine. 

He  was  elected  a  member  of  the  American  Institute  of  Mining 
Engineers  in  1882.  His  death  occurred  very  suddenly  in  Wor- 
cester, Massachusetts,  on  February  26,  1902.  His  membership 
in  this  Society  dates  from  the  time  of  its  organization. 
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